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Introduction
The 7th Arctic Frontiers conference,
Geopolitics and Marine Production in a Changing Arctic,
will address international relationships and security structures, against a background of expanding
energy and mineral extraction, maritime traffic and harvesting of biological production.
Arctic Frontiers 2013 will highlight the challenges and opportunities of the new Arctic. Exchange of
new knowledge and exploration of new possibilities within a pan-Arctic, and in fact a global
perspective will continue to break the ice of sectoral and disciplinary dogma and foster new
paradigms in political, economic, and ecological structure and process.
The science conference will kick off with a half-day of keynote addresses, and then split into three
parallel parts where these issues are discussed in greater detail.

Structure of conference
To discuss these major questions there is a need for solid scientific evidence and documentation. This
is why the policy section and the scientific section of the Arctic Frontiers Conference are organised
back to back. The scientific presentations will serve as a knowledge base for the discussions during
the policy section. To elucidate major opportunities and challenges for future development within
the Arctic region, three research themes have been chosen. These themes will be presented during
three parallel sessions of the science section of the conference:
•
•
•

Geopolitics in a Changing Arctic
Marine Harvesting in the Arctic
Arctic Marine Productivity

To further bridge between the first two days of politics and the following three days of science, and
also to link between the three different research parts, Arctic Frontiers has invited one key note
speaker from each of the three parts to give a popularised presentation. These presentations will be
given in a plenary session on Wednesday January 23th and will be moderated by the science section
conveners, Kristine Offerdal, Jan H. Sundet & Jørgen Berge
The invited speakers and their titles are:
•
•
•
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Sven G. Holtsmark: Cooperation and conflict in the High North. A historical perspective
David Fluharty: A North Pacific perspective
Jean Eric Tremblay: How productive can marine Arctic waters be? Lessons learned from the
Global Ocean
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The three parallel sessions
Geopolitics in a Changing Arctic
This part addresses the issues of security, energy and interstate relations in the Arctic. An overall aim
is to identify conditions for continued cooperation and stability in light of new developments in the
region. A warming Arctic with less ice may create new opportunities for economic activity and
interstate cooperation, but the Arctic stakeholders may also face new challenges, in particular how
to meet their interests and to interact with other stakeholders through mutually beneficiary
relations.
The session includes presentations on how states in and outside the region prepare strategically for
the new Arctic and how this impacts Arctic security. It also addresses the broader security concept,
not only traditional or state security, but also societal and human security. Moreover, the session
includes analyses of the Arctic as an oil and gas region within a global energy framework.
“Geopolitics in a changing Arctic” consists of three sub-sessions:
•
•
•

Arctic security in a global context
New stakeholders and governance in the Arctic
The Arctic in a global energy picture

Sub session 1 – Arctic security in a global context
Arctic states are in the process of redefining their interests and policies in the region. This session
discusses what this means for Arctic security. A major question for policy makers is how to ensure
continued international collaboration in the region. A scholarly answer to this question requires
analysis of conditions for continued cooperation and stability. A primary goal of the session is to
identify such conditions. The session includes papers on various states’ interests and policies in the
region as well as theoretically and empirically oriented papers that discuss various aspects of security
ranging from state and societal security to human security.
Sub session 2 – New stakeholders and governance in the Arctic
Non-Arctic stakeholders, notably the European Union and Asian and European states that do not
border the region, are increasingly paying more attention to the changing Arctic. The papers in this
session examine the policies of China, Japan, South Korea, India and the European Union. A key
perspective is how they increase their engagement and how this influences interstate relations in the
region. Other papers address the pertinent topic of governance structures in the region. Are existing
governance structures sufficiently robust to handle new developments, especially the expectations of
new actors? Is there a need for new organisations or regimes?
Sub session 3 – The Arctic in a global energy picture
The potential of the north to become a new, thriving energy region plays an important role in current
Arctic scholarly and political debate. Papers in this session assess the oil and gas potential of the
Arctic and its sub regions, focusing in particular on key drivers and obstacles for development.
Geological, technological, economic and political factors are intertwined, and developments in global
markets are crucial for exploration and production in the north, creating a need for interdisciplinary
studies. The papers in this session try to grasp some of these complex challenges.

Marine harvesting in the Arctic
In a warmer Arctic the ice covered areas will be reduced and the tropic relations changed. Fat-rich
prey species sustaining a forage base to higher tropic levels may disappear, entailing detrimental
Arctic Frontiers 2013
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effects on harvest in this region. Less ice in the Arctic may also lead to an extended distribution of
resident species in to Arctic areas. The question is whether this development brings new
opportunities for harvest from the marine ecosystem.
Increased human activities due to reduced ice cover will enhance the propagule pressure for
introduction of exotic invasive species, posing a challenge to resident ones.
This session addresses the above themes through invited key note speakers, and signed up lectures
and posters.

Arctic Marine Productivity
Biological productivity is the both the foundation of Earth's ecosystems and the most important
interface between these systems and human societies. In marine ecosystems this includes primary
productivity from bacterial, archaea, and algal sources; growth and reproduction of the bottom,
demersal and pelagic fauna; as well as productivity at the highest trophic levels such as seabirds and
marine mammals.
Understanding the drivers and processes responsible for generating observed patterns in
productivity is vital to comprehend the functioning of Arctic marine ecosystems. It is also essential to
determine the conditions under which marine productivity can sustainably support human societies
in the Arctic region. Climate change is leading to rapid shifts in Arctic ecosystem structure and
function which cannot be easily predicted by models based on our current understanding. Rapid
declines in sea ice, increased air and ocean temperatures, increased water-column stratification, and
other physical and chemical changes significantly alter the patterns of productivity at the base of
marine food webs. Such changes are also anticipated to affect ecosystem structure and productivity
higher in the food web. In addition, expected shifts in ocean currents and faunal migration patterns
may substantially affect production of organisms throughout the food web. Arctic marine ecosystem
structure and productivity within the next decades will, therefore, be substantially different from
what we observe today, but in ways currently unknown to science.
The AFT productivity session will address some of these questions, and is thematically divided into
seasonal, spatial and biological sub-sessions. Using this perspective we hope to contribute to a
more synthetic understanding of current patterns of productivity and the physical and ecological
processes that influence these patterns
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Abstracts, orals

Keynotes

Opening by
Dr. Christina I. M. Abildgaard
Director, Department for Bioresources and Environmental
Research, Division for Energy, Resources and the Environment,
The Research Council of Norway
Moderators
Dr. Kristine Offerdal
Norwegian Institute for Defence Studies, Oslo, Norway
Senior scientist Jan H. Sundet
Institute of Marine Research, Tromsø
Professor Jørgen Berge
University Centre on Svalbard and University of Tromsø

Oral presentations Wednesday

Keynote presentations

Keynote
Cooperation and conflict in the High North. A historical perspective
Sven G. Holtsmark
Norwegian Institute for Defence Studies, Oslo, Norway
In his lecture, Holtsmark will discuss some themes in the history of the surrounding states' involvement in the
Arctic, among them the pattern of recurrent prophecies of the soon-to-come prominent economic or strategic
role of the Arctic, prophecies that more often than not remained unfulfilled, and the role of individuals and
interest groups in setting state policies.
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Keynote
Arctic fisheries: A North Pacific perspective
David Fluharty
School of Marine and Environmental Affairs, University of Washington, Seattle, USA
To come
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Keynote
How productive can marine Arctic waters be? Lessons learned from
the Global Ocean
Jean Eric Tremblay1, Marcel Babin2
1
University of Laval, Quebec, Canada, 2Takuvik Research Institute, Quebec, Canada
The Arctic Ocean is undergoing severe alterations that affect the living environment of all organisms, great and
small. Because photosynthetic organisms at the base of the food web require sunlight, ongoing reductions in
the extent, thickness and seasonal persistence of sea ice herald much higher biological productivity for the near
future. As previously seen in other areas of the World Ocean, enhanced productivity often translates into more
harvestable resources. With concomitant improvements in accessibility to the far North, this greater
productivity raises the prospect of new or expanding fisheries. But for all its appeal, this intuitive and
compelling expectation completely overlooks the place of the Arctic Ocean with respect to the global ocean
circulation and the titanic oceanic forces governing the availability of the fundamental building blocks of life:
nutrients. It also ignores the multiplicity of environmental stressors affecting life in the north, such as
temperature, acidification and freshwater runoff from rivers and melting glaciers. This presentation will review
the current state of knowledge and ponder possible scenarios for the future.
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Scientific committee
Leader: Leader: Dr. Kristine Offerdal, Norwegian Institute for
Defence Studies, Oslo, Norway
Professor Dag Harald Claes, University of Oslo, Norway
Dr. Michael Bravo, Scott Polar Research Institute, United Kingdom
Marianne Haavardsholm Aandahl, Norwegian Research Council,
Norway

Part I: Geopolitics in a Changing Arctic
Geopolitics in a Changing Arctic

Oral presentations Part I

Geopolitics in a Changing Arctic

Invited talk
Arctic (Geo)Politics: An Emerging Research Agenda
Petra Dolata
Department of Political Economy, King’s College, London, UK
Over the past decade Arctic politics and geopolitics have become popular topics in policy and academic circles.
This growing interest has helped facilitate a better understanding of the significance of the region and events.
Important actors, structures and processes have been identified. National, transnational and global contexts
have been established. Empirical studies have elucidated the emergence of national and regional policies and
helped transcend the dichotomous construction of Arctic politics as characterized by either conflict or
cooperation. This keynote will look at the state of the art of Arctic research in the area of international
relations and politics. It will highlight what kind of questions have already been answered and what still needs
to be investigated. It pleads for a more integrative approach within the social sciences and beyond in order to
arrive at a research agenda that truly deserves the label "Arctic Studies."
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Invited talk
Arctic Geopolitics in a Global Perspective: From cold periphery to
global hotspot?
Paal Sigurd Hilde
Centre for Norwegian and European Security, Oslo, Norway
In 2007-2008, international attention to the Arctic suddenly surged. A key trigger was the August 2007 planting
of a small titanium flag on the sea bed beneath the North Pole by the Russian scientist Artur Chilingarov provoking images of a Russian annexation. The perception of the Arctic as "the next big thing", and an
emerging Arctic "Great Game" over a terra nullius brimming with rich resources, became prevalent. While the
high-point of this perception has likely passed, it may still frequently be encountered; as may the debate over
whether cooperation or conflict is the likely outcome in Arctic affairs. This keynote will not engage directly in
this debate, but rather seek to analyse the premise frequently underlying also the cooperation argument,
namely the global significance of developments in the Arctic. How important is the Arctic, and how important is
it likely to become, in a global perspective?
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Invited talk
Faroe Islands: Hydrocarbon Exploration and its impact on the
Faroese Society
Sigurd Jákupsstovu
University of the Faroe islands, Tórshavn, Faroe Islands
The Faroe Islands is a small nation by most measures, being an island archipelago in the NE-Atlantic with a total
landarea of 1.399 sqkm and a population of around 48.000. The Faroese society is facing huge difficulties in
maintaining a sustainable development due to a mainly fishery based economy and a relatively large
proportion of the young population leaving the islands to pursue educational and carreer opportunities.
In order to mitigate this trend the Faroese society needs to focus on strengthening tertiary educational
programmes and creating more high level job opportunities. The oil and gas sector is one such catalyst, that
can promote creation of interesting high level job opportunities.
Hydrocarbon exploration started in the Faroe Islands in the mid 1990´s. As part of the legislation the
licensesholders were required to include offers for supporting competence lift and research. The rationale for
this was that, in spite of the success of the upcoming exploration efforts, the activities themselves should
support long term development of the society. Now 12 years after the first exploration and development
licenses were awarded, with eight exploration wells drilled and three licensing rounds completed - one can ask
if this strategy has been successful or not.
In the talk I will give an outline of the Faroese society and the challenges ahead. An overview will be given of
the exploration activities to date and their perceived impact on the Faroese Society, followed by a discussion
on some of the main learnings from the interaction between the local society and the global oil and gas
industry.
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Invited talk
The geopolitics of Asia's growing interest in Arctic affairs: rationale,
intensity, implications
Leiv Lunde, Arild Moe
Fridtjof Nansen Institute, Lysaker, Norway
Asian countries are rapidly building up their case for involvement in Arctic affairs. The growing Arctic attraction
has a multi-faceted rationale. Key Asian players like China, Korea and Japan have already been active in Arctic
research for a while, with research presence in Svalbard and increasing Arctic research budgets at home. The
dramatic climate change developments that are opening up the Arctic for commerce and resource extraction, is
an evident and convincing argument for presence of Asian countries as it is for any other country concerned
about climate change. Increasingly, climate change concerns, and the global relevance of Arctic climate change
scenarios are used to bolster Asian arguments for a place at the table of Arctic governance. It is easy to
understand that major countries want to develop their own climate change expertise.
The commercial opportunities with the opening of the Northern Sea Route (NSR) are seen as a major (if
uncertain) boon for powerful shipping and shipbuilding industries in east Asian countries. These industries are
currently lobbying their respective governments for a more proactive role in terms of investing in R&D as well
as operational support to make Asian countries frontrunners in the case of successful NSR development. For
China, Korea, Japan and other Asian countries there may also be wider benefits of trade through the NSR,
including enhancement of energy security and widened access to strategic minerals. Thus, the Asian energy
and mining industries have also woken up to Arctic opportunities, as is the case with their financial institutions
and then of course also their respective governments.
Beyond these relevant and highly tangible Asian interests in the Arctic comes the notion of the Arctic as one of
the few remaining virgin territories of the world. For realpolitik- as well as more symbolic reasons, the Arctic is
becoming an area where major and emerging powers of the world need to make their presence felt. The major
Asian powers respect the Law of the Sea and the ensuing sovereign rights of Arctic coastal states, but maintain
at the same time the global implications of Arctic developments and their interests in these regards.
Beyond this, even, there is the reasoning that the Arctic may yet again - more than twenty years after the end
of the Cold war, become an area of gradually increasing military security interest. Arctic countries' security
infrastructure has a legitimate place in the Arctic already in terms of bolstering efforts at monitoring, search
and rescue, icebreaker support for commerce etc., while military strategists across the world are likely to watch
closely the steps of other powers in and around Arctic waters. Such perspectives do not challenge the
fundamental "high north - low tension" notion, however, as all players seem to agree that stability,
predictability and cooperation are prime conditions for managing Arctic resources to the benefit of the diverse
group of relevant Arctic stakeholders.
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Gas in the Barents Sea - how can we make it commercial?
Morten Anker
Pöyry Management Consulting, Oslo, Norway
Introduction
Gazprom's decision to shelve the development of the Shtokman field is a symptom of some of the challenges
gas projects in the Barents are facing. An uncertain gas market combined with uncertain development costs
makes gas development project in the Arctic challenging. At the same time, activity in the Norwegian part of
the Barents Sea is record-high. The big prize of this activity would be an oil discovery like the one Statoil made
at Skrugard in 2011. However, based on estimates from the Norwegian Petroleum Directorate (NPD) chances
are that there is more gas than oil. And there is no existing free transport capacity to get a possible gas
discovery to the markets. This creates a dilemma: To keep up the interest and commercialize possible gas
discoveries one needs to invest in transport infrastructure - but to invest in infrastructure one needs
discoveries for certainty that there will be enough gas.
Transportation options: LNG or pipeline
According to NPD estimates as much as 40 percent of the undiscovered (yet-to-find) gas resources on the
Norwegian Continental Shelf could be in the Barents Sea (485 bcm).
There is a discussion in Norway about how to transport a possible gas discovery out of the Barents Sea region.
There is a choice between a new LNG facility, a pipeline to the Norwegian Sea or no new transport solution.
Currently there is one existing solution: the LNG-plant at Melkøya. However, this plant is booked with gas from
Snøhvit into the 2030s, and no oil company finds such a long wait attractive. Lack of transportation
infrastructure may be the showstopper for activity in the Norwegian Barents Sea. The challenge with the
Barents pipeline is who should pay for it. As long as the gas has not yet been discovered, possible future
producers do not want to take the bill and risk. The Norwegian government could do it, but there is no
precedence for such an investment.
Geopolitical implications of transportation options
For Norway, building a pipeline from the Barents Sea could be a sensible move not only to spur activity on the
Norwegian side. An existing pipeline could also change the commerciality aspects for a Russian discovery in the
Barents Sea. Without existing LNG plant of pipelines on the Russian side, the existence of a Norwegian pipeline
could be what makes a Russian project attractive.
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The Maritime Tiger: Exploring South Korea's Interests and Role in
the Arctic
Mia Bennett1
1
University of Cambridge, Cambridge, UK, 2Foreign Policy Association, New York, USA
By virtue of its geography, South Korea is not an Arctic state, but it has diverse interests in the circumpolar
region. The first goal of this paper is to explore the sources of those interests and the country's activities in the
Arctic. The second goal of this paper is to examine South Korea's current and future regional role and the Arctic
countries' receptions of its actions. While strong consideration is given to South Korea's economic motivations
beyond the Arctic Circle, attention is also paid to the importance of nationalism, science, and research in
Korean culture. The first of South Korea's chief concerns in the Arctic is shipping, which is crucial for this
peninsular country's economy. Turning the Northern Sea Route into a viable transport corridor is of particular
appeal. Additionally, increased trade and development in the Arctic could benefit South Korea's shipbuilding
industry, the world's largest. The country's second chief concern in the Arctic is finding new sources of
hydrocarbons, as it is one of the world’s biggest energy importers. Undergirding these material drives currently
pushing the seafaring nation northward is a sense of economic nationalism dating back to the 1960s and 1970s.
Seoul's interests in the Arctic, though, go beyond commerce and security. The government has invested in
polar research partly because contemporary Korean culture prizes education and science. The paper closes by
considering South Korea's future in the Arctic. Other states have generally welcomed the country's efforts at
partnership, and South Korea's rise in the northern economic sphere appears likely to continue. The destiny of
South Korea's political involvement, however, is less clear, though it seems to have progressed more than other
East Asian states. In essence, the Arctic is a place for South Korea to invest in shipping and hydrocarbons,
pursue science, and ultimately attempt to move farther from the semiperiphery to the core.
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Early Career
What role for the military in a changing Arctic?
Kristofer Bergh
SIPRI, Stockholm, Sweden
The changing conditions in the Arctic has led to increased attention to the region in a variety of areas, including
the political, economic and military. Most observers agree that the Arctic region is likely to stay a model for
peace and cooperation even as it is faced with significant physical change. This fact, however, does not exclude
increased military activity. In fact, many of the Arctic countries are enhancing both their capacity to operate in
the region and their military cooperation with their Arctic neighbours. The driver of this development does not
seem to be the hard security issues, but rather the soft ones, that follow from increased human activity,
including search and rescue, oil spill prevention and response and a range of issues regarding surveillance,
monitoring and stewardship. In the Arctic Ocean, many of these softer security issues will be addressed by the
militaries of the five littoral states as they are often the institutions with best material and organizational
capacity to operate in the harsh and remote environment of the Arctic. Subsequently, the militaries of the
Arctic states may have ideas and knowledge about the region that may differ from that of the political
leadership. Militaries interacting directly with other militaries may also be able to achieve goals that the
political leadership may not. Military exercises and meetings such as the one between the defence chiefs of the
Arctic states in Goose Bay in April and the Arctic Security Forces Roundtable, will also contribute to shaping
Arctic interests and policy. This paper proposes to examine the Arctic Ocean-related military to military
relations and cooperation of the five Arctic littoral states and present them in a structured way in order to
better understand the role of the military in Arctic affairs.
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Japan and the Arctic: Energy Security, Naval Normalization, and
Relations With Russia
Alex Calvo1 ,2
1
European University, Barcelona, Catalonia, Spain, 2Birmingham University, Birmingham,
England, UK, 3UNED (Spanish Open University), Santa Coloma, Catalonia, Spain
The greater accessibility of Arctic energy and mineral resources, together with the gradual opening up of
transportation routes, are both of great interest to Japan, as already discussed by a number of authors. The
purpose of this paper is to examine in more depth three aspects of Tokyo's present and future presence in the
Arctic, namely the impact on her energy security, the connection with her naval development plans (in the
context of her "normalization" as a military power), and the evolution of bilateral relations with Moscow.
Concerning energy security, Japan's strong reliance on Middle Eastern oil, transiting through the South China
Sea, keeps naval planners very much worried about the ongoing territorial conflict and Chinese ambitions in
that body of water. The need to replace at least part of her nuclear electricity with other sources in the wake of
Fukushima threatens to increase even further Japan's reliance on those SLOCs (sea lines of communication),
unless Russian and Arctic supplies can be tapped, resulting in some diversification and thus enhanced security
of supply.
Having said that, security of supply not only requires geographical diversification but the ability to prevent
hostile powers or non-state actors from threatening SLOCs. The question thus appears of how this shift
northwards in energy supply may be accompanied by changes in Japanese defence planning (both
autonomously, in the context of the security treaty with the US, and at a wider bilateral or multilateral
framework with other Asian maritime democracies) and capabilities. The paper will also examine this issue, and
see to what extent there may be a clash with the ongoing reorientation of military capabilities towards a SouthWest axis, to deal with territorial claims by Beijing in that area.
Finally, the gradual melting of the Arctic may contribute to more intense relations between Russia and Japan,
two neighbours which, to some extent, have sometimes rather ignored each other, or at least tended to look in
other directions. The potential for cooperation is clearly there, boosted also by Moscow's fear of excessive
dependence on Beijing and need to develop her Far East, where Japanese capital and technology would be
welcome. Russia was actually among the first countries to offer assistance to Japan after the tsunami, but we
must also note the persistence of significant obstacles, including the territorial dispute over the Northern
Territories / Southern Kurile Islands.
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The Benefits and 'Costs of Cold:' The United States and Arctic
Economics in the 21st Century
Heather Conley, David Pumphrey
Center for Strategic and International Studies, Washington, DC, USA
From the 19th century Alaskan gold rush to today's modern-day rush to explore for oil, gas, and mineral
resources, economic interests have and will continue to be a powerful force in the development of the Arctic.
There are different historic economic models for Arctic development. The Soviet Union, for example, promoted
"extensive" Arctic development in which territorial control was interlinked with economic development and
population dispersion across vast territories. Reliant upon Gulag prisoners as well as heavily subsidized,
unprofitable and low productivity industries, Soviet interventions in the Arctic were terribly expensive and
inefficient (e.g., the "cost of cold" in technical, financial and human terms). This has created a difficult
historical legacy for Russia as it seeks to develop its Arctic resources today.
Both Canada and the United States on the other hand, employed "intensive" economic development models.
For these countries, economic development centered predominantly on extractive industries with minimal
population centers and infrastructure requirements. America's Arctic economic development primarily focused
on North Slope oil with minimal seasonal population presence and even less infrastructure. The United States
struggles with a legacy of greater economic potential but limited infrastructure today.
The choices Arctic states make on how to develop the Arctic will define the region for the next century.
For the United States, an Arctic economic strategy would entail an emphasis on oil, gas and mineral resource
production which would simultaneously enhance Arctic technological innovation, satellite communication, and
transportation infrastructure. Key developments would include a deep water port, improved ice breaker
capability and aviation infrastructure. However, the United States must also heavily weigh the very real costs environmental and societal - of such robust Arctic development. Increased onshore and offshore Arctic drilling
enhances the risk of potential oil spills and the rapid expansion of trans-shipping and tourism increases
pollutants released from large vessels into Arctic waters.
What is urgently needed is a more comprehensive discussion of both the opportunities for the U.S. economy
and the potential costs of these activities. There must also be greater understanding of the increasingly
prominent role played by the private sector in Arctic development and its interplay with the potentially
diminished traditional role of governments in the region. Simply put, can the United States craft a balanced
economic strategy that enjoys the benefits of Arctic economic development while minimizing the "costs" and
risks of exploring the cold?
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Securing an Emerging Arctic: A UK Perspective
Duncan Depledge1 ,2
1
Royal Holloway, University of London, London, UK, 2Royal United Services Institute, London,
UK
In the UK (which describes itself as the Arctic's "closest neighbour"), different logics of security are being
invoked to protect British interests in the face of environmental changes and political posturing in the Arctic.
Inspired by on-going debates in Geography about biopolitics and security (e.g. Bingham and Lavau, 2011), this
paper follows the "Arctic" (as a loosely delimited ‘assemblage') as it travels through the UK civil service,
demanding the attention of civil servants, who in turn subject it to various forms of "regulation" in attempts to
prevent, precaution against and prepare for the emergence of new threats to the UK. In the process, the Arctic
is being made to matter to Ministers and senior civil servants (including the military) who must determine what
policies (and resources) are deployed in response. Examples are drawn from the UK Parliament's
Environmental Audit Committee (prevention), the Foreign and Commonwealth Office (precaution) and the
Ministry of Defence (preparation).
To think of the Arctic as an assemblage is to draw attention to the labour involved in gathering together a
dispersed set of heterogeneous elements to form a provisional whole that provides the basis for further action.
The UK context - financial cuts, a lack of material resources and political attention, and more pressing concerns
in ‘traditional' geopolitical hotspots such as the Middle East and Asia - is significant as it has resulted in only a
few people (and resources) actually being involved in the development and deployment of these Arctic security
logics, in what is likely to be a region of greater geopolitical significance in the future. Not only does this
concentrate responsibility for the UK's future relationship with the Arctic in the hands of a small number of
people, it also pulls into focus the amount of labour required to stabilise geopolitical assemblages in the face of
rapid change, and more critically, whether enough is being done by the UK to support its claim to be a relevant
stakeholder in the region.
Reference
Bingham, N. and Lavau, S., (2011), ‘The object of regulation: Tending the tensions of food safety', version of 8
November 2011, available at https://www.biosecurity-borderlands.org/research, downloaded on 1 Feburary
2012.
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Canadian Offshore Drilling Policy: a Study of the Arctic Council's Soft
Power
Marc-André Dubois
Stockholm University Department of Political Science, Stockholm, Sweden
The Nuuk Search and Rescue agreement signed by the Arctic Ministers in May 2011 was the first binding
international treaty negotiated under the Arctic Council's (AC) auspices. The Arctic international cooperation
may be entering a new phase of treaty based governance and this shift raised the question whether the AC's
soft power, based on its traditional activities of scientific assessments, have been influencing Arctic state's
domestic policies or regulations. The last AC's ministerial declaration mandated a Task Force on Arctic Marine
Oil Pollution Preparedness and Response to develop recommendations and/or best practices in the prevention
of marine oil pollution which could become the second binding regional based treaty. Hereby, this study
explicitly examines the Arctic Council's soft power impacts on policy in order to stimulate an interest in further
investigations of these complex power relationships. It also shows that evaluating the AC's soft power will add
much to a better understanding of change in the governance of the Arctic as an international region. Annika
Nilsson's studies demonstrated that some AC's assessments have had substantial impact on policy
development, for instance the work on persistent organic pollutants (POPs).
The Arctic Council is a cognitive forerunner and assessments a tool for "soft" power. The study uses the theory
of soft power defined as "the ability to get what you want through attraction rather than through coercion"
(Nye, 2004). In relation, the AC's soft power through its scientific assessments is related to the "cognitive niche"
labeled by Shram-Stokke and Honneland in their study of regime effectiveness. The analysis relies on the
relationship of scientific assessments and their influence on policies, which reveal that scientific assessments
emerge from interplay between science and policy (Mitchell et al. 2006). The research is a case study of the
AC's soft power through a policy analysis conducted in order to evaluate the influence of the Arctic Council
Arctic Offshore Oil and Gas Guidelines 2009 on the Canadian National Energy Board (NEB) review process of its
policy document entitled Review of Offshore Drilling in the Canadian Arctic 2011. The research concludes that
the AC did influence Canadian policies but to a limited extent. To continue to be an effective cognitive
forerunner, the Arctic Council has to change its governance approach for a binding framework (hard-law)
supplemented with non-binding protocols (soft-law) wherein the wealth of scientific assessments will remain at
the core.

23

Arctic Frontiers 2013 – Oral presentations: Part I

U.S. Security and Defense Policy in Northern Europe: Prospects for a
Northern Pirouette
Stephen Flanagan1, Paal Sigurd Hilde2
1
CSIS, Washington, DC, USA, 2IFS, Oslo, Norway
The proposed paper examines the evolution of U.S. security and defense policy in Northern Europe, including
the European Arctic, and advances options for future policy and military posture. It builds on previous
collaborative IFS-CSIS research and analysis in the context of the IFS-led GeoPolitics in the High North research
program.
The European Arctic is likely to remain the part of that region with the highest density of both population and
human activity, as well as the highest concentration of military forces. Developments in this key part of the
Arctic are inextricably linked to the wider North European region.
The paper presents a strategic assessment of U.S. security interests in Northern Europe in light of emerging
shifts in the regional and global security environment. It considers challenges that Russia may pose to the
security of NATO and EU members in Northern Europe. It advances policy options in light of global demands on
U.S. military engagement and projected resource constraints. It also examines how the United States can best
engage in bilateral and multilateral security and defense cooperation in the Northern Europe.
The United States has a strategic interest in keeping Northern Europe including the Arctic a zone of peace,
security, and prosperity. NATO provides the ultimate safeguard of stability. The United States and NATO have
expanded defense partnerships with Sweden and Finland, which could be developed in ways that would
enhance regional security.
Interstate tensions are few, and there is limited potential for conflict in the region. Certain Russian military
developments, however, warrant careful assessment. Russia is reforming and realigning its force posture,
reportedly resulting in increased personnel deployed opposite Northern Europe. These efforts have been
accompanied by plans to expand missile and missile defense systems around St. Petersburg and in Kaliningrad,
as well as for strengthening both the Russian Baltic Fleet and, in particular, the Northern Fleet based on the
Kola Peninsula. Against the background of Moscow's revived self-confidence since 2007, these military
developments have raised concern in several European countries, and had an impact on U.S. policy toward the
region.
The paper considers options for maintaining the credibility of U.S. collective defense commitments in Northern
Europe through rotational deployments of forces from the United States, prepositioning of equipment,
bilateral exercises with countries in the region, and enhanced engagement with NORDEFCO and Baltic
countries.
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Early Career
Poland's role in the Arctic
Michal Luszczuk1, Piotr Graczyk2
1
Jan Kochanowski University, Kielce, Poland, 2University of Tromsø, Tromsø, Norway
Poland has noticeably increased its activity in Arctic affairs in recent years. Although first Polish research
facilities on Svalbard were established in 1950s (by virtue of being a party to the Svalbard Treaty since 1931)
and the country has been involved in the Arctic environmental cooperation since its inception in the early
1990s, it was not before 2006/2007 when a policy shift towards assumption of a more active and ambitious
role could be observed.
The current Polish political involvement in the Arctic is motivated primarily by the scientific interests,
nonetheless the region has been given a renewed attention in the Poland's foreign policy. Taking advantage of
its status as a „permanent” observer at the Arctic Council (AC), Poland has keenly engaged in advancements at
different international levels by introducing and supporting various initiatives within the AC and bilateral
relations with Arctic and non-Arctic states as well as the European Union.
Although Polish activity in Arctic affairs has boosted in recent years, Poland does not have any officially stated
Arctic (or polar) policy. Nonetheless, there is evidence that the Polish government has started working on more
comprehensive and coherent approach to the polar regions.
The purpose of the presentation is to summarize actions taken by Poland in Arctic affairs and to explain a shift
in Polish foreign policy towards the region. It discusses the role that Poland plays as a country with no
significant economic and/or strategic interests in the Arctic. The argument is put forward that the political
engagement in the Arctic stemming from promotion and protection of its scientific interests may provide
Poland with an opportunity to act as an intermediary state in relations between Arctic and other non-Arctic
actors. Furthermore, the presentation assesses prospects for a coherent Polish polar policy.
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Rosneft and the Russian Arctic shelf: Corporate power vs.
development
Jonas Grätz2, Ingerid M. Opdahl1
1
Norwegian Institute for Defence Studies, Oslo, Norway, 2Center for Security Studies at ETH
Zürich, Zürich, Switzerland

Russian policy on oil and gas development of the continental shelf is based on strengthening the corporate
power of the state-owned companies Rosneft and Gazprom. The policy is actively supported by the two
companies, which hold the monopoly on working on the Russian shelf. So far, they have failed to develop the
Arctic shelf. The exception, the Prirazlomnoe oil field, has experienced delays and cost-overruns. The lack of
progress can be considered a policy failure, as known oil reserves in Russia are diminishing rapidly.
Notwithstanding this failure and Rosneft's inactivity in offshore development, Rosneft and Gazprom keep
pushing to retain their duopoly. We therefore ask why Rosneft pushes for shelf privileges and the government
remains willing to grant those privileges, despite Rosneft's inability to develop the shelf. We argue that the
regime's interest in maintaining control over the oil industry dovetails with Rosneft's interest in keeping
competitors out by 'hoarding‘ acreage. The monopoly also undermines institution-building, which would be a
necessary precondition for attracting international investment to offshore development. These vested interests
override the benefits that shelf development would create for the Russian state, like higher tax revenues.
The first part of the paper briefly describes the access rules to hydrocarbon acreage in Russia, with particular
attention to shelf access. We develop a political economy framework to explain different players' interests in
establishing and maintaining a monopoly for state-owned companies. The political economy framework
hypothesizes that companies generally pursue exclusive access to production areas. On the other hand, state
actors' participation in granting monopoly demands further investigation. Their initial position towards
monopoly could be based on international practice and the benefits a monopoly gives in pursuing relations
with foreign investors. But even if granting privileges appeared sensible initially, the maintenance of the policy
has to be explained.
This is discussed in the second part of the paper, where we investigate factors behind Rosneft's lack of shelf
development. The natural/geographic factors are obvious. In addition we examine structural and institutional
factors: The former relate to centralised decision-making, creating problems in the rule of law and encouraging
corruption. The latter relate to tax and industrialization policies.
In the last part of the paper, we summarise our explanation of why the shelf monopoly persists and the shelf
remains undeveloped, with a brief outlook for the future.
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Arctic Security in a Global Context
Helga Haftendorn
Free University of Berlin, Berlin, Germany
My presentation will ask how political stability and security in the Arctic can be enhanced by strengthening
regional governance. The prospectus suggests that increased international collaboration will be helpful. I will
ask in which fields and forms cooperation will be most useful, and what are its political preconditions in an area
of economic and resource competition. Two issues merit special scrutiny: How can political conflicts among the
Arctic Ocean States be resolved? And how can the delicate Arctic environment be protected against the
negative effects of human activities, resource exploitation and increased navigation?
Regarding structured cooperation the Arctic Council (AC) has become the most relevant institution in the Polar
region. As it is a decision-preparing and not a decision-taking institution but there is an active debate on
strengthening the AC. In with way should it be enhanced: by broadening its agenda, by creating further
institutional structures, or by inviting additional interested countries and organizations as observers? How can
cooperation with other relevant institutions be deepened? Should the Arctic Council form an administrative
hub for a network of international agreements (legally binding and non-binding), institutions and
organizations? Or should the emphasis be on functional cooperation?
Has sharing common interests in regional stability and following similar economic and ecologic agendas drawn
the Arctic states closer together and led to a common vision of the future? How much have they realized that
the region is an integrated geographical, biological and ecological space demanding sustainable solutions in
cooperation with the other Arctic countries? The Swedish AC chair has proposed agreements on meeting future
challenges in the Arctic modelled after the S&R Treaty, not least on prevention, preparedness, and response to
oil spills. Conceivable are also regional ecosystem-based joint management systems.
Any successful proposal does need an engine, a lead country. To be successful, it will have to walk a fine line
between strengthening existing institutions and not infringing Arctic States’ national sovereignty. The result
may be a web of institutions with a variable and adaptable geometry to fit purpose, time and space.
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The New Arctic Reality and the Strategic Environment in Northeast
Asia: From Japanese Perspective
Shinji Hyodo
National Institute for Defense Studies, Tokyo, Japan
The strategic environment in Northeast Asia composed of Russia, China, Japan and U.S. is gradually affected by
the new Arctic reality.
The Arctic region is turning into a strategic front for Russia. Last May newly elected President Putin made a
presidential decree about the reinforcement of Russian Navy in the Arctic and the Far East. Chinese
advancement into the Arctic will have a big impact on Russia's national security strategy including its military
developments in the Far East. The Chinese icebreaker Xuelong (Snow Dragon) completed around 30.000 km of
sailing from Qingdao to Iceland last summer. It was the first time that the Chinese expedition sail succeeded in
exploring "the arctic center route" near the North Pole. The Sea of Japan and the sea of Okhotsk have been the
new sea route to the Arctic by a Chinese official vessel since 1999. Russian Armed Forces started the military
exercise in the Sea of Okhotsk which Russia regards as a naval bastion.
Japanese national security could be also influenced by the Arctic security dynamics. Firstly, the increased
strategic importance of the Sea of Japan and the Sea of Okhotsk including the Northern Territories could
change the military posture surrounding Japan. Secondly, the expanding the Chinese sea presence up to the
North makes Russia promote the maritime security cooperation with U.S. and its ally Japan. Russia officially
participated in the joint military exercise RIMPAC (Rim of the Pacific Exercise) held by the U.S. Navy's Pacific
Fleet from 2012 and U.S., Japan and Russia will initiate the truck 1.5 trilateral security dialogue from 2013 to
develop greater cooperation in Northeast Asia.
According to the change of the strategic situations, I would like to explore what kinds of interests Japan has in
the Arctic and how Japan should grow into the Arctic in terms of the Northeast Asian security.
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The Politics of Representation in the Arctic Council: Mediating
Internal Interests and External Desires
Valur Ingimundarson
University of Iceland, Reykjavik, Iceland
Given the dramatic increase in global interest in the Arctic - accentuated by media spectacles about its lucrative
potential or as a site of future conflict - the role of the Arctic Council has become central in the debate over
Arctic governance. In the paper, I focus on how it has tried to accommodate the predominant narratives and
interests of the Arctic states with efforts by non-Arctic actors to influence Arctic developments and
governance. The purpose is to assess the Arctic Council's current mandate and structure, with emphasis on
ideas put forward by Arctic states and bodies, such as the Standing Committee of the Parliamentarians of the
Arctic Region (SGPAR), to enhance its institutional strength. I will refer to the scholarly literature on Arctic
governance. The focus will on the following four core questions:
a) To what extent is the Arctic Council being transformed from a decision-shaping body into a decision-making
one. This problem also has a bearing on Arctic governance in a broader sense: how Arctic
regionalization/regionalism is defined and how it interacts with intergovernmentalism.
b) A key problem is whether there is going to be an end to the taboo on discussing security issues within the
Arctic Council.
c) The enlargement of the Arctic Council, with the admission of additional Permanent Observers, has become a
controversial topic, with the European Union and Asian countries, notably China, showing much interest in
joining it. It will be argued that the decision by the Arctic Council to establish criteria for new Observers may
both be seen as a way of depoliticizing the issue (through the adoption of a transparent admission process) and
of politicizing it (as a postponement strategy designed to conceal differences among the Arctic Eight).
d) The question of whether the role of the Arctic Five venue (Russia, Canada, the United States,
Denmark/Greenland, and Norway) in Arctic governance should be formalized has divided the Arctic states
because of the absence of the three countries that do not make any territorial claims in the Arctic Ocean
proper (Iceland, Sweden and Finland) and because of resistance of the Arctic indigenous communities. One
proposition discussed will be whether the Arctic Five can complement the work of the Arctic Eight in the Arctic
Council or whether the issue is bound to divide the Arctic Council and the cooperation of the Arctic Eight within
it.

29

Arctic Frontiers 2013 – Oral presentations: Part I

Early Career
The adequacy of the law of the sea and international environmental
law to the Arctic Ocean
Ingvild Jakobsen, Tore Henriksen
University of Tromsø, Tromsø, Norway
The prospects for increased maritime activities in the Arctic Ocean such as shipping raises questions on the
adequacies of the existing international legal environmental protection. In our paper we will address one
element: the need for new specific regulations to protect the marine environment from impacts of shipping
activities.
Conventions and instruments providing for maritime safety and protection of the marine environment are
adopted through the International Maritime Organization (IMO). The Arctic Marine Shipping Assessment
Report (AMSA), commissioned by the Arctic Council recommended a strengthening of the international regime
for shipping in the Arctic to ensure protection of the sensitive environment, through the adoption of a legally
binding Polar Code, through IMO. The IMO has started a work on a Polar Code but it is not yet finalized.
The Arctic Ocean Review (AOR) undertaken by the Arctic Council to assess legal measures applicable to the
region may end recommending strengthening of global and regional measures. The Arctic Council has
accepted and is implementing other AMSA recommendations, such as the 2011 Arctic Search and Rescue
Agreement and possibly an Agreement on Marine Oil Pollution Response. Thus, it seems to take on a more
active role in the development of the legal regimes relevant for the Arctic marine environment.
On this background the paper discusses how the "traditional" measures provided through IMO address the
particular challenges of the Arctic marine environment. To what extent do the MARPOL (restrictions on
operational pollution and special area status) and SOLAS (routeing measures) provide adequate protection?
The characteristics of the environment and the traffic pattern of the region are different from the areas, which
these measures are designed for. The prospects of progressive environmental regulations through the Polar
Code are not overly positive. Therefore the question is whether the Arctic costal states may supplement the
IMO regulations through the use of LOS Convention Art 234?
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The Jan Mayen dispute between Iceland and Norway, 1979-1981. A
study in successful diplomacy.
Gudni Jóhannesson
Reykjavík Academy, Reykjavík, Iceland
The paper will describe and analyze the 1979-1981 Jan Mayen dispute between Iceland and Norway. It will be
based on recently declassified documents and interviews with key participants. The dispute has contemporary
relevance since it can serve as an example of successful diplomacy when major interests were at stake.
Between 1979 and 1981, Iceland and Norway were involved in a diplomatic dispute about resource rights and
sovereignty issues around the island of Jan Mayen, north of Iceland and roughly midway between Norway and
Greenland. The Icelandic authorities wanted to claim it's an Exclusive Economic Zone of 200 miles northwards,
rejecting Norwegian calls for a median line, and they also disputed Norwegian claims to an exclusive economic
zone around the island.
Significant economic interests were involved, notably potential seabed resources and fishing rights. Moreover,
it was clear that unless fishing was regulated in the waters around Jan Mayen, overfishing would destroy the
valuable fish stocks there. In Oslo, decision-makers also had to take into account the consideration that too
much leniency would create an unfortunate precedent in negotiations with Moscow about sovereignty and
utilization rights in the Arctic. Similarly, they had to reckon with the ‘supremely nationalistic' Icelanders who
even insisted that Norwegian intransigence could have negative effects on Icelandic attitudes towards NATO.
After prolonged negotiations, an agreement was reached. Three law of the sea veterans played a key role: Hans
G. Andersen on the Icelandic side, Jens Evensen for Norway, and an outside mediator, Elliott Richardson, the
widely respected U.S. lawyer and politician.
Although significant interests were at stake, neither side wanted to risk a total breakdown in the negotiations.
The impact of domestic politics on the formation of foreign policy was always evident, as was the importance
of individuals. Finally, the settlement of the conflict seems to have been in Iceland's favour, partly because the
issue ranked higher in Reykjavík than in Oslo.
The Jan Mayen dispute is an interesting case study in light of the still unresolved jurisdictional issues in the
Arctic and the North Atlantic, and, indeed, elsewhere in the world. The positive solution of the conflict can be
seen in a wider context as a case study in successful diplomacy.
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An Arctic Security Community?
Kathrin Keil1 ,2
1
Berlin Graduate School for Transnational Studies (BTS), Berlin, Germany, 2The Arctic
Institute, Washington, DC, USA
According to institutionalist approaches, potentially confrontational interests in international politics can be
managed through the establishment of effective international institutions. It would however be puzzling from
an institutionalist approach if confrontational behaviour does not occur despite both conflicting interests and
the absence of appropriate institutions. Yet this is precisely the situation of the contemporary Arctic. The Arctic
can be characterised as a region with both weak institutions and an increased potential for conflict, due
primarily to the increasing accessibility of the Arctic and ostensibly ever-rising stakes in Arctic commodities.
Despite this situation, little inter-state confrontation occurs and cooperative behaviour appears even to be on
the rise in certain Arctic issue-areas. This puzzle – of interstate cooperation despite weak institutions and rising
conflicting interests – can potentially be explained by the emergence of an Arctic pluralistic security
community. The concept of a ‘pluralistic security community’ maintains that states can share a set of basic
values, mutual trust and even common identities, which ensure that the members of that group will solve their
disputes peacefully. This paper applies the pluralistic security community concept to the Arctic and outlines
why and to what extent the Arctic can be characterised as a nascent pluralistic security community.
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Russia’s Arctic oil and gas: Petroleum extraction and geopolitical
implications
Julia S. P. Loe
Pöyry, Oslo, Norway
Summary: Russia is the Arctic country with the largest share of the region’s hydrocarbon resources. Russia
sees the Arctic region as a strategically important base – and the national oil company Rosneft has secured
agreements with international oil producers on development of offshore resources. There is currently
substantial insecurity about the future’s global supply and demand of petroleum, especially for gas. If,
however, oil prices stay high and the market conditions for natural gas improve and stabilizes on a high level,
Russian Arctic resources may be of increasing significance for the country. Future oil and gas exploitation could
strengthen Russia’s position and interest in the Arctic also in other sectors.
Agenda:
1.
2.
3.

Russia’s Arctic Resources – overview and comparison
Russia’s Arctic petroleum approach
Geopolitical implications of possible Russian Arctic oil & gas developments

Introduction
Russia’s global political clout the coming decades will largely depend on developments in global energy markets
- and how well changes are handled by Russia. The Russian Arctic territory may – if conditions are right –
provide Russia with resources to gain a stronger geopolitical position than today.
Russia’s Arctic Resources
Most of the Arctic oil and gas resources are expected to be found in the Russian part of the Arctic. Russia has
little experience with offshore developments and would need to lean on project experience and technology of
others. The recent deals between Rosneft and western oil companies show how the Russian state try to
balance its control over strategic resources through its state-controlled companies with the need to invite
others in.
Current Arctic developments
·
Russian Arctic Policy: Strategically important – encouragement for development.
·
Rosneft agreements with Exxon Mobil, ENI and Statoil
·
Shtokman may be developed when market conditions improve and Prirazlomnaya field soon in
production
Geopolitical implications
Russian Arctic oil and gas resources are likely to be abundant, but are associated with serious challenges.
Development of the Arctic may be decisive for the country’s position as an energy power. So far, on-shore
developments have been sufficient, but in the future Russia may have to go offshore – or see its clout fade.
Developments on the energy market will decide how influential Russian will be – as an Arctic player as well as
on the global stage.
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Risks and Responsible Management of Arctic Resources
Knut Ørbeck-Nilssen, Nils Andreas Masvie
Det Norske Veritas, Oslo, Norway
Interest in the Arctic is growing rapidly, fuelled by melting sea ice, promises of rich energy and mineral
resources, prospects for shortened shipping routes and trust that enhanced scientific knowledge and maturing
governance processes will ensure Arctic peace and predictability.
The risk of accidents involving wide dispersion of hydrocarbons is the gravest environmental concern, with the
damage potential hinging on location and timing. Other possible impacts calling for preventive or preparatory
measures are habitat fragmentation, introduction of invasive species, and discharges of black carbon. As
regards petroleum activities in the Arctic, the main environmental concern is the possibility of large-scale oil
spills. Should an offshore accident occur, climate and weather conditions as well as long distances are likely to
hamper response action and restoration efforts. Currently available technologies for recovery of oil from the
surface perform poorly in high waves and rough weather conditions. In the Arctic, low temperatures and scarce
sunlight over much of the year slow down evaporation as well as the physical, chemical and biological
breakdown of pollutants. Thus, hazardous compounds released during an emergency may remain in Arctic
ecosystems for long periods, aggravating the risks of bioaccumulation, and ocean currents may spread them
over extensive areas. Sea birds, some marine mammals, and fish larvae are particularly vulnerable to large oil
slicks, so the ecological severity of an accident will depend on its timing and location relative to patterns of
breeding, spawning and congregation. Oil spills in and under the ice constitute a special challenge.
If the consequences may be more serious in the Arctic Region, that means that also the risk (the combination of
probability and consequence) level will be higher unless risk-mitigating measures are defined and
implemented. However, some of the consequence-driving factors, like ice, darkness, low temperatures,
remoteness and vulnerable environment, cannot easily be compensated for. Moreover, without mitigation
measures, some of these driving factors might also increase the probability of accidents. In order to maintain at
least the same safety level (i.e. risk level) as for offshore activities in for example the North Sea, the probability
of incidents must be reduced, to prevent accidents from occurring. Moreover, appropriate emergency
preparedness should be employed to limit the consequences from becoming more serious.
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The delimitation agreement in the Barents Sea: The role of energy,
law and foreign policy
Arild Moe
Fridtjof Nansen Institute, Lysaker, Norway
Perhaps the most prominent bilateral jurisdictional dispute in the Arctic was the area of overlapping claims
between Norway and Russia in the Barents Sea. It emerged when developments in the law of the sea granted
coastal states continental shelves of minimum 200 nautical miles from shore, without ascribing how
delimitation of neighbouring shelves should be carried out. Negotiations started formally in 1974 and had
become a constant, although problamatic fixture in Russian-Norwegian relations. As a surprise to most outside
observer an agreement on delimitation was reached in 2010. The area was divided fifty/fifty and the
agreement prescribed that fields crossing the boundary will have to be developed in cooperation. This paper
will examine various factors that can help explain the resolution and also discuss whether the agreement will
have significance for further developments in the Arctic.
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Assessing Soviet/Russian state and business interests in the marine
border negotiations with Norway
Filimonova Nadezhda
Uppsala University, Uppsala, Sweden
In 2011 Russia and Norway ratified a Maritime Delimitation and Cooperation Treaty in the Barents Sea and the
Arctic Ocean, putting to an end a long standing dispute between the two states. The border dispute in the
Barents has evolved in the area of the strategic and economic importance for Russia: a strategic military base
for its Northern Fleet; a vital resource base for natural resources production and fishing, and a gateway to the
Northern Sea Route.
The paper represents an analysis of the evolution of the Soviet/Russian position over the territorial border
dispute. The focus of the paper will be made on the policies of the Russian Government (ministers) and Russian
state owned companies (Gazprom and Rosneft) and their respective interests in the dispute. A key issue is who
were the key actors from the Russian side and what interests have led to reach an agreement in 2010.
In the study qualitative method will be applied. A qualitative method has been chosen since the research is
aimed at investigating the reasons standing behind the final boundary delineation Treaty signing. In addition,
the research will be explanatory case study in nature. In the study to answer the question I will imply
explanation case study method that refers to an analysis through earlier events explanation. In particular, by
implying historical perspective, I will attempt to identify the correlation of interests of different actors from the
Soviet/Russian side that were involved in the maritime boundary dispute resolution. The process of actors’
interests’ implementation or actor network building process will be also analysed through an Actor Network
Theory.
The study will rely on the information that exists in the open sources. Among available primary sources are
texts of the concluded Treaties between Russia and Norway and articles written by Soviet/Russian diplomats
and interviews with high Russian officials who were involved into the negotiation process.
In summary, the paper therefore will provide insights about motivations of the Russian Government and stateowned gas/oil companies in the Barents region and the importance of the Treaty for Russia and the Arctic
region as a whole.
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China’s Arctic research and its wider implications
Egill Thor Nielsson2 ,1
1
Institute of International Affairs, Reykjavik, Iceland, 2Polar Research Institute of China,
Shanghai, China
During recent years new stakeholders have started showing the Arctic area increased attention. These
developments are mainly attributed to factors such as the Arctic’s rising geopolitical importance and economic
potential, with the region becoming more accessible due to climate change and technological advancements.
How are these new stakeholders participating in the Arctic region, what drives them and what impact can they
have on Arctic affairs? It will be argued that in order to become a legitimate stakeholder in the Arctic one
option is to contribute to constructive knowledge creation and in this case China may be seen as a major
provider of scientific knowledge. As a point of departure the paper will examine China’s Arctic research and in
particular the country’s bilateral cooperation with Iceland (an Arctic state). This new collaboration, consisting
of a recent Framework Agreement and three Memorandums of Understanding (MoUs) on Arctic research
cooperation, will be used to discuss China’s amplified Arctic engagement. Two aspects of the cooperation will
be singled out: (1) the idea to set up an international Arctic Research Center for social science in Shanghai, and
(2) the research vessel`s Xuě Lóng visit to Iceland during the 5th Chinese National Arctic Research Expedition
(CHINARE 5) in the summer of 2012. Given recent trends China’s Arctic engagement will be put into
perspective, especially its scientific investigations on climate change, as well as in relation to “commercial
diplomacy” and the growing prominence of the Arctic shipping routes. Underscoring the importance of both
understanding that climate change in the Arctic is of global significance and needs to be addressed through
comprehensive collaboration, whilst showcasing that interest amongst new stakeholders in a global Arctic will
further increase with a vast number of economic opportunities pointing towards the North and East.
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The Emerging Arctic Strategy of Japan
Fujio Ohnishi
Ocean Policy Research Foundation, Tokyo, Japan
Briefly speaking, Japanese involvement centers mainly on the scientific fields. Japan has engaged in polar
science for more than half a century. This long standing interest has naturally prompted research in the Arctic
as well. More recently, there are growing economic prospects centering on the importing of oil and gas
resources as well as the shortened passage between Europe and Asia. Japanese companies have started to look
at the Arctic as a place of opportunity. However, Japan's economic involvement is weaker than its scientific
involvement, since it still remains within the realm of possibility rather than fact. It is expected that a political
initiative would mitigate a variety of risks and promote Japanese involvement in the Arctic.
However, a closer look reveals that Japan has in fact been involved in a variety of Arctic affairs for the past
century. There are five milestones, which consists of 1)entry into the Spitsbergen Treaty signed in 1920;
2)involvement in Arctic Research; 3)carrying out of the ‘International Northern Sea Route Programme
(INSROP)' from 1993 to 1999; 4)efforts for establishing a Japanese Arctic policy agenda; 5)growing economic
incentives for Japanese companies in the field of shipping and exploitation of gas and oil.
This paper examines the overview of the Japanese involvement and distinguishes actual involvement and
potential interests in the Arctic. Finally, this paper argues that Japan needs formulation of a cross-cutting
strategy that integrates the policy priorities for science, environment, transport, industries, energy, foreign
affairs, and defence.
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Developing North American Arctic offshore oil and gas
Andreas Østhagen1
1
The Arctic Institute, Washing D.C., USA, 2Institutt for Forsvarsstudier, Oslo, Norway
The decision of whether or not to develop new offshore areas in the Arctic encompasses not only energy
issues, but also how development will affect indigenous people, the marine environment, regional
development, climate change, and energy security. Of particular interest is offshore development in North
America, as this part of the Arctic has seen the most rapid changes in terms of opening up for exploratory
drillings in coastal waters.
The most common explanations for this increased interest in North American Arctic energy include rising
commodity prices, new technologies enabling cheaper Arctic operations, and increased accessibility due to the
melting of the Arctic sea ice. While these explanatory factors set the background for increased commercial
interest in the region, they do not provide a complete picture. This is highlighted through the fact that the
different parts of the North American Arctic have had different paces of development. Although they share
many common traits, the processes of developing Arctic oil and gas in Canada, Alaska and Greenland have been
very diverse.
This article consequently asks why North American Arctic offshore oil and gas exploration and production has
developed differently throughout the region.
It will be argued that the decision of how and when to open up new Arctic offshore areas for prospecting and
exploratory drillings is as much a consequence of internal factors at a national and regional level, as it is due to
overarching international trends. Since the final decision to allow exploratory drillings lies with the respective
federal and regional governments, understanding the internal processes of opening up new offshore leases is
crucial to understanding Arctic oil and gas development. Varying commercial viability, combined with
geographic and geologic factors, can account for some of the differences observed in offshore development in
the region. There are, however, also some political factors that arguably seem to determine much of the
development pace, which needs to be examined further.
Simplified, the level of development is arguably dependent on: (1) the relationship between the regional and
the federal/national level, (2) the nature of the commercial interests and the specific region and their viability,
and (3) the civic engagement and involvement determining the political environment around the decision to
allow exploratory drillings. Altogether these three factors can account for the variances throughout the region,
in terms of development pace measured in lease sales and subsequent drilling licences. This will be the focus of
the presentation.
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The Russia-China relationship - possible consequences for the
Arctic
Tom Røseth
IFS, Oslo, Norway

The Russia-China relationship
- possible consequences for the Arctic
The relationship between Moscow and Beijing has never been better. There is increased political, economic
and military cooperation as well as a common rejection on "US influence". However, there is an
unprecedented dynamic in the relationship between Russia and China. China has changed from being a junior
partner of the Soviet Union to the second largest economy in the world. It has ten times the Russian
population, and five times its economy with a significantly higher growth rate. There is a widening gap between
the economies of the two countries and Russia is reluctantly admitting this imbalance.
Although the top level rhetoric and cooperation looks convincing in the bilateral relationship, the reality is
more complex. A stable common border and an agreed stance on global "non-interference into sovereign
states" serve the interests of both. There are, however, competing interests in Central-Asia and a long history
of distrust and conflict. China and Russia have relatively little bilateral trade and rely economically more on the
US and EU respectively. China has diversified its energy imports and developed a high technology industry and
is less dependent on Russia.
Against the background of a growing imbalance in the Russian-Chinese relationship, the latter has shown
increased interest in the Arctic. Beijing has fronted a political stake in joining the Arctic Council and is looking
for investments in the region. Energy/mineral resources and arctic shipping routes are of primary interest.
Russia is positioned uniquely in the Arctic and could be a door opener or an obstruction to Chinese interests in
the Arctic. Does Moscow recognize Chinese influence here, or does it take the cost of obstructing such
interests? In other words; does Kremlin accommodate or balance China in the Arctic?
The emphasis will be on the last five years after the final Border Line Agreement in 2008, and the aftermath of
the economic recession in 2008-2009. The research will be based on secondary literature and the focal point is
the view from Moscow. This paper will first look into what unites and divides Russia and China, based on a
historical overview and geopolitical factors. Secondly, it will look at the balance of power between the two,
mainly based on economic factors and trade. Thirdly, the paper intends to identify measures the Russian
leadership is taking. Finally, I will conclude with some possible consequences for the Arctic.
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India and the Changing Arctic
Vijay Sakhuja1
1
Indian Council of World Affairs (ICWA), New Delhi, India, 2Society for the Study of Peace and
Conflict (SSPC), New Delhi, India
There is a growing recognition of the Arctic region in the Asian political, economic and strategic discourse.
Some Asian countries see the Arctic as an energy lake and its littorals new mining grounds. China, Japan and
South Korea are actively engaged in strategizing the usage of the Northern Shipping Route (NSR) in their
transportation and supply chain formulations. At another level, some Asian countries are keen to participate as
permanent observers in the Arctic Council. In essence, Asia's interest in the Arctic goes well beyond scientific
research.
India's interest in the Arctic has so far been limited to scientific studies. It has established a research station
‘Himadri' on Svalbard, undertaken several expeditions and is planning to acquire an ice class research vessel.
There are a number of national science research institutions that support India's Arctic programme. These
institutions have acquired extensive knowledge and experience through studies on glaciology, microbiology
and environment in the Antarctica where India has three research stations. India is also keen to expand its
interest in the Arctic resources particularly oil and gas.
The Indian narrative on the politico-strategic developments in the Arctic region is still evolving. It would like to
engage the Arctic littoral states and leading organisations like the Arctic Council where many important
decisions on the future of the Arctic region are taken. This will help India broaden its understanding of the
changes taking place in the region and be a responsible stakeholder.
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Is Russia a Revisionist Power in the Arctic?
Aleksandr Sergunin
St. Petersburg State University, St.Petersburg, Russia
In contrast with the internationally wide-spread stereotype of Russia as a revisionist power in the High North
this paper argues that Moscow tries to pursue a double-faceted strategy in the region. On the one hand, such a
strategy aims at defending Russia's legitimate economic interests in the region. On the other hand, Moscow is
open to cooperation with foreign partners that are willing to partake in exploiting the Arctic natural resources.
The special focus is made on Russia's efforts to revive the Northern Sea Route and attract foreign investment to
various energy and infrastructure projects in the Arctic. The military dimension of Moscow's Arctic strategy is
analyzed as well. The special attention to Russia's policies in the international organizations which deal with the
Arctic issues (UN, Arctic Council, Barents-Euro-Arctic Council, etc.) is paid.
The general conclusion is that in the foreseeable future Moscow's strategy in the region will be predictable and
pragmatic rather than aggressive or spontaneous.
Methodologically, paper is based on an early conflict prevention approach.
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Emergency Response Management in the Arctic - Driver for
Cooperation?
Stefan Steinicke1 ,2, Andreas Raspotnik3 ,4
1
German Institute for International and Security Affairs (SWP), Berlin, Germany, 2Geopolitics
in the High North (GeoNor), Berlin, Germany, 3University of Cologne, Cologne, Germany,
4
Arctic Institute, Washington D.C., USA
Climate change in the Arctic offers huge economic opportunities. The steady decrease of sea ice might lead to
easier extraction of hydrocarbon resources and shorten maritime transport routes from the Atlantic to the
Pacific, thereby further integrating the Arctic into the global economy. However, economic activities are
confronted by a harsh climate, the vastness of the region as well as a lack of sufficient support infrastructure
and corresponding capabilities. The build-up of support infrastructure for maritime traffic and natural resource
extraction will hold an exceptionally prominent role in coming years. In order to protect economic activities
sufficient emergency response capabilities in the realm of search and rescue (SAR) and marine oil pollution
response have to be available. As the SAR agreement of 2011, negotiated under the auspice of the Arctic
Council (AC), and recent exercises (e.g. SAREX 2012) show such SAR capabilities do not exist in sufficient
numbers so far. Also with regard to marine oil pollution response recent reports indicate a capability gap. Yet,
the SAR agreement and the ongoing drafting process on an agreement on Arctic marine oil pollution
preparedness and response of all AC member states show that the multitude of regional challenges will most
likely lead to more cooperation instead of conflict. Further the cooperation between the private sector active in
the region and respective national governments highlights the inclusive and collaborative approach with regard
to emergency response management in the region.
The aim of this paper is threefold: 1) To outline the major existing and planned economic activities in the areas
of maritime traffic and natural resource extraction. Based on this information the potential demand for
emergency response management capabilities will be deduced by running different emergency scenarios. 2) To
give an overview of existing and planned capabilities for SAR- and marine oil pollution response operations of
the AC member states, key private sector actors and non-Arctic players (e.g. the EU, China, and South Korea). 3)
Put together all information will be used to highlight different forms and options for closer cooperation
between Arctic and non-Arctic actors that are already under way or planned for the future.
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Asian Stakes and Arctic Governance
Olav Schram Stokke
The Fridtjof Nansen Institute, Lysaker/Oslo, Norway
What stakes do non-Arctic Asian states have in this region, and in what direction are they likely to influence the
process and the substance of Arctic international governance? Stakeholders here refer to actors who can either
affect a set of decisions or outcomes or be affected by them. Thus, having a stake does not in itself imply
competence or recognized right to involvement in decision making. This article reviews a wide range of Arctic
governance issues and examines whether and how selected Asian states can be affected by them and on what
basis (if any) those states can influence the developments at issue. Some of the issues studied are about the
process of governance, such as the development and use of criteria for granting permanent observer status in
the Arctic Council. Others are substantive and concern the ambitiousness of international rules or other
measures in areas where non-Arctic states may affect or can be affected by developments, such as Arctic
shipping, research, bioprospecting, high-seas fisheries, and emissions of toxic substances or short-lived climate
forcers. The conceptual framework of this study builds on international law and international regime analysis,
with special attention to institutional interplay, and the Asian states in focus are China, India, Japan, and South
Korea.
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Governance of the Arctic Ocean Beyond National Jurisdiction:
Cooperative Currents, Restless Sea
David VanderZwaag
Dalhousisie University, Halifax, Nova Scotia, Canada
With melting of the sea ice in the central Arctic Ocean (CAO) reaching record proportions in September 2012,
the adequacy of existing governance arrangements to manage future human uses of the high seas water
column and deep seabed is increasingly being questioned. This presentation will explore governance realities
and potentialities through two images. First, cooperative currents will be reviewed, that is, the existing array of
international agreements relevant to Arctic marine environmental protection with the 1982 Law of the Sea
Convention (LOSC) being central. The Convention establishes an overall framework for international
cooperation in conserving living marine resources and managing seabed and shipping activities in areas beyond
national jurisdiction.
Second, the restless sea reality will be described with four unsettled governance dimensions standing out:
• Surging suggestions from academics, NGOs and others for strengthening CAO governance arrangements.
Proposals having yet to achieve political saliency, include establishment of a new regional fisheries or oceans
management organization, jurisdictional extension of the North East Atlantic Fisheries Commission, and
negotiation of a regional seas convention with protocols.
• Shifting governance seascape for Arctic shipping. Negotiations for a mandatory Polar Shipping Code have
been slow and conflictual with many issues, such as future environmental standards, yet to be resolved.
• Looming publication of the Arctic Council's Arctic Ocean Review (AOR). The draft text of the AOR report, an
initiative led by the PAME Working Group to develop recommendation for strengthening global and regional
agreements/arrangements relevant to Arctic marine environmental protection, raises various options for
enhancing high seas governance including the establishment of a precautionary moratorium on commercial
fisheries in the CAO. However, the eight Arctic States have yet to negotiate final recommendations for the
report scheduled to be presented to the Council's next Ministerial meeting in May 2013.
• Continuing debates with the United Nations regarding governance of marine biodiversity beyond national
jurisdiction. The main UN forum for discussions, the Ad Hoc Open-ended Informal Working Group to study
issues relating to the conservation and sustainable use of marine biological diversity beyond national
jurisdiction, has yet to resolve two main issues of contention. They are the principles applicable to genetic
resources in areas beyond national jurisdiction (freedom of the sea vs. common heritage of mankind) and
whether an implementing agreement to LOSC should be negotiated to fill legal gaps.
The presentation will conclude with the author's personal views on likely future governance directions for the
CAO.
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Changing borders in the European Arctic
Raimo Väyrynen
University of Lapland, Rovaniemi, Finland
The borders in the European Arctic have multiple meanings. They have more meaning as frontiers than as
boundaries; they are expanding rather than bounding. True, during the Cold War, the Arctic boundaries were,
for the most part, state-centric, although the open seas were used were used for military purposes. In
addition, economic interest also affected the contestation and definition of borders. With the end of the Cold
War, the situation has started to change and the Arctic frontiers have assumed a new contextual
meaning. Geographic borders have retained their meaning, but their permeability has increased, especially
with Russia. The Sami people in the Nordic countries have always had a degree of commonality, though
th
historically since the latter half of the 19 century efforts were to anchor them in national states. However,
the idea of one Sami people is still alive and even resurgent. Global warming, and the environmental factors in
general, has changed the conditions in the European Arctic as well and made it again a frontier region. There
are formidable challenges in the utilization of the natural resources and in the use of High North as
transportation routes. As a result, the symbolic contestation over Arctic boundaries and frontiers has assumed
new meanings. Yet, there is doubt that the Arctic is increasingly perceiver as a whole.
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Analysing EU Arctic Policy Process: Actors, Interests and Coherence
Steffen Weber
EU Arctic Institute, Brussels, Belgium
In the political system of the EU, described as a multi-governance level, many actors interact in the process of
policy making. The EU Arctic policy is no exception. Amongst the studies focusing on EU Arctic policy, which
have recently been in the increase, some have more specifically examined the intra and inter institutional
relations between the European Commission, the Council and the European Parliament. It has been shown that
the Commission and the Parliament were more internally coherent than the Council when it comes to Arctic
issues, and that the Parliament has been less internally coordinated than the Commission in developing Arctic
policy-outputs (Holdus 2010).
The present study intends to consider a more complex system. Indeed, the political system of the EU
encompasses public and private actors, such as group interests or civil society organizations. The institutional
system in itself is not a homogenous one, and beyond vertical coherence, the role of individuals has to be taken
into consideration to fully understand the EU Arctic policy making process. Moreover, the institutional entities
are also internally characterized by many actors such as committees, inter-groups, agencies... which role in the
policy making has to be considered too to understand the whole picture. Additionally, the implementation of
the Lisbon Treaty, with the empowerment of the European Parliament and the new EEAS, impacts the policy
making process and has to be examined.
Two arguments structure our approach. First, the EU Arctic policy process will be analyzed according to
multiple arenas, each of which possesses its own set of actors. Second, EU Arctic policy process encompasses
multitude of actors whose interests and behavior are constrained by external factors.
The aims of this research are:

To provide an in-depth understanding of the actor constellations underpinning EU
Arctic policy process.
2. To explain why and how certain interests emerge.
3. To assess actor coherence from several perspectives.
4. To project the impact of actors' goals and actions on the policy process.

1.

The following questions will be addressed: How do actors interact? What are their goals? What do this actor
constellation and actor interaction imply for EU Arctic policy in general? To what extent does this approach of
policy making, through the consideration of actors, contribute to assess the coherence of the EU policy
process?
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China's great power ambitions and the Arctic
Njord Wegge
Fridtjof Nansen Institute, Oslo, Norway
China is today experiencing a rapid ascent in the international system and has in the last few years risen to
become one of the two most powerful states in the world. While China still remains far behind the USA in most
issues of influence and global governance, and is likely to remain so for a very long while, there is a clear
tendency of China's developing and expressing new interests far beyond its borders. As the Arctic region in
these days for various reasons is becoming closer integrated in the broader picture of international relations
and global politics, it should come as no surprise that China is also expressing their interest in this region. This
tendency is manifested e.g. through China's application for permanent observer membership in the Arctic
Council. This article takes a closer look at the recent development asking:

How China's Arctic policy development and its expressed interests in the region are
related to its general economic rise and behavior as a growing great power?
2. What is the potential for conflict or cooperation in the Arctic region in the years to
come given China's global great power ambitions?

1.

Through the application of interviews, document studies and secondary literature the author argues that
China's interests in the Arctic should be interpreted as a natural reflection of the country's increased interests
in global affairs, similar to many other "new stakes" recently expressed by China, and that an increased Chinese
interest and awareness in the north does not need to be contrary to a continued stable and peaceful
development in the region.
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Invited talk
Current and future risk of aquatic invasive species introductions to
the Canadian Arctic
Sara Bailey1, K. L. Howland2, F. T. Chan3, H. J. MacIsaac3
1
Fisheries and Oceans Canada - Great lakes Laboratory for Fisheries Research, Burlington,
Canada, 2Fisheries and Oceans Canada - Arctic Research Division, Winnipeg, Canada,
3
University of Windsor – Great Lakes Institute for Environmental Research, Windsor, Canada
At least 1000 nonindigenous species have been reported from aquatic habitats globally, with ballast water
and/or hull-fouling recognized as primary vectors of introduction. Approximately 10% of introduced species
become invasive species, which dramatically alter ecosystems resulting in severe negative ecological, economic
and human health impacts. Most aquatic invasive species (AIS) introductions have occurred in temperate
latitudes where shipping activity is greatest; however, as few systematic surveys have been conducted in the
Canadian Arctic historically, we have little knowledge about the presence or impact of AIS in this region. Global
climate change and increased resource exploitation are expected to increase shipping activities in the Canadian
Arctic, resulting in higher risk of AIS introductions in the near future.
A number of research and monitoring initiatives are currently underway to examine the current and future risk
of AIS in the Canadian Arctic, as well as to establish baseline information:

1.

2.
3.
4.

As part of the Canadian Aquatic Invasive Species Network (CAISN), biological surveys are being
conducted in Arctic ports to develop a baseline database of community composition, facilitating the
detection of new AIS in the future. The program is combining traditional taxonomy with modern
molecular genetic analyses (barcoding, pyrosequencing) to establish the complement of
nonindigenous and native species present.
Ballast water and hulls of ships arriving to major Arctic ports are being sampled to determine identity
of, and probability of arrival for, potential AIS.
A risk assessment is being conducted to identify high-risk recipient ports, and high-risk shipping
pathways, based on level and type of shipping activity, environmental similarity between source and
destination ports, and the number of high-impact AIS in source ports for ships entering Arctic waters.
Ecological and oceanographic assessments of emergency ballast water exchange zones in the
Canadian Arctic are being conducted to assess risks of ballast exchange in relation to ecologically
significant areas, oceanographic features (most notably current and drift), and shipping patterns.
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Invited talk
Marine Fishes at Stake in Arctic Klondike
Jørgen Schou Christiansen
Faculty of Biosciences, Fisheries and Economics, University of Tromsø, Tromsø, Norway
Arctic societies, by far, are founded on living natural resources and their socioeconomic progress is inevitably
rooted in sound ecosystems. In light of ocean warming, Arctic marine fishes of unknown biology and resilience
are laid bare for unprecedented industrial fisheries as they turn up as bycatch. How, then, are sustainable
Arctic fisheries achieved? Four principal avenues should be explored in concert, to raise our present knowledge
to a level where credible hypotheses can be advanced and legitimate conservation actions effected: 1)
Biological credibility, 2) Green technology, 3) Legitimate management, and 4) Overarching coordination.
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"Traditional" marine harvests no more: What are the climate
change challenges?
Grete K. Hovelsrud1 ,2
1
Nordland Research Institute, Bodø, Norway, 2CICERO - Center for International Climate and
Environmental Research, Oslo, Norway
Changes in sea-ice are already having consequences for "traditional" marine harvest, in particular for marine
mammals, but also fisheries. The sea-ice is traditionally used as platform for travelling and for hunting and
fishing. Many of the marine mammal species hunted in the Arctic, (e.g. beluga, narwhal, ringed seals) are icedependent and some species of fish, such as Greenlandic halibut, are caught from sea-ice. Coastal communities
in the Arctic are adapted to local sea-ice conditions and to the species harvested, and reduced sea ice impacts
the abundance, migration, seasonal distribution and species composition of key species. The effects of
changing sea-ice conditions will present challenges and/or opportunities at the local level. With empirical
examples from Greenland this presentation will focus on how local socio-economic conditions and national and
regional policy are instrumental in shaping the ability of local communities to adapt to the climate change
challenges.
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Invited talk
marine biology in a warming arctic - who will be winners?
Jennifer L. Nielsen1 ,2
1
University of Alaska, Fairbanks & Anchorage, USA, 2Oregon State University, Oregon, USA
"There is almost no species for which we know enough relevant ecology, physiology and genetics to predict its
evolutionary response to climate change." Holt (1990)
The Arctic is rapidly warming, aquatic habitats are in flux, and all types of animals are exploring their
options. Arctic waters are home to at least 240 known species of fish, both diadromous and marine. Arctic
cod, greenlings, sharks, flatfishes, alligatorfishes, eelpouts, salmon, whitefish, trout, char, pricklebacks, sculpin,
and snailfishes currently dominate Arctic waters. But the sea ice is melting earlier and faster, freshwater
discharge patterns are changing, and Arctic faunal barriers are breaking down. Animals used to warmer
temperate environments are rapidly moving into the Arctic to feed, migrate and inevitable reproduce. How
endemic Arctic fauna will respond or adapt to changing ocean conditions is not known. Recent scientific
reports of shifting northward range expansions for caplin, cod and salmon have sparked interest in expanded
commercial fisheries. But the ecological change underway in Arctic waters is a complex process and there will
be winners and losers along the way.
My grandmother was Danish and taught me to sail in open waters. Her folklore of sailing came with many
hidden messages. One saying used often when I was a child was "Red sky at night a sailor's delight; red sky in
the morning a sailor's warning." I believe we are in a period where the morning sky is very red. A storm of
shifting and competing ecologies both in Arctic marine waters and on the land will remain unsettled for a long
time. Organisms that are profiting now from this ecosystem-in-flux may not remain sustainable in a longer time
frame. It is unwise to suggest that science and research-based management measures can control or even
quantify these shifting ecologies. Despite many impressive physical models of climate change, we lack sound
scientific tools to measure the process at the biological level. As in a storm at sea, the changes we can monitor
at the moment may not reflect the conditions in store. But there will be winners. There always are. By focusing
on the process and the evolution of a new Arctic ecosystem, instead of trying to capture and control it without
limits, we may yet count ourselves among those winners.
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Biological resources in changing Arctic: Aquaculture as element of
their sustainable use
Elena Anufriieva, Nickolai Shadrin
Institute of biology of southern seas, Sevastopol, Ukraine
Arctic is World of Change; it is not short temporary state. Arctic biota changes occur, but management of biotic
resource use is based on long-term experience. It would be reasonable if Arctic ecosystems would be in
stationary/coherent states. But now Global climate system is in incoherent dynamics state, moving to a tipping
point. As a result of it all ecosystems are in incoherent dynamics state. An experience is not so good adviser in
incoherent dynamics states. Most pronounced this effect become apparent in extreme environments.
Attempts to restore something (but what can we restore in a world of change?) lead often only to acceleration
of destruction of existent ecosystems with their biological resources. It means people have less and less
opportunities for traditional nature use of aquatic (marine and freshwater) ecosystems. Loss of old
opportunities as usual is accompanied by appearance of new opportunities. We can’t predict these changes
definitely and pre-adapt to new opportunities, but can create a buffer that allows taking smaller losses during
the radical rearrangement of the Arctic marine and freshwater biota. The buffer should ensure the reduction of
the traditional anthropogenic pressure on the native biota, increasing its chance to survive and adapt to new
conditions. The only way to do it is a reasonable development of aquaculture to produce the bioproducts and
also to support the degenerative populations of key and commercially valuable species. Alive food for fish and
crustacean larvae is a key element of aquaculture development. In Arctic there are opportunities for
development of alive food cultivation in two directions - semi-intensive technologies in summer time in
artificial or natural pool/ponds (including like a greenhouse), and intensive ones in closed premises around
year. Promising species for this are: 1. inhabitants of the Arctic shallow lakes (Polyartemia forcipata - in the first
place, Eudiaptomus graciloides, Bosmina obtusirostris, etc.), which reach in lakes relatively high biomass during
short Arctic summer; and 2. extremely tolerant animals - the inhabitants of hypersaline bodies of water, which
studied by us in Crimea (Artemia spp., Arctodiapotomus salinus, Daphnia atkinsoni, Moina salina,
Cletocamptus retrogressus, Fabrea salina, etc.). Biological characteristics of these species allow to effectively
receiving their production in two forms – biomass of adult animals and biomass of cysts/resting stages. The
descriptions of biological characteristics of the proposed species, and the technologies will be done. Valuable
bioactive compounds - carotenoids may be also a product of suggested technologies.
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Greenland halibut - a fishing resource vulnerable to changes in the
arctic
Jesper Boje1, Rasmus Nygaard2
1
DTU Aqua, Charlottenlund, Denmark, 2Greenland Institute of Natural Resources, Nuuk,
Greenland

Greenland halibut in the West Greenland fjords have traditionally been the main and sole fishing resource for
the smaller communities in the northern West Greenland. This resource is known to be connected to
ecosystems dependent on high productivity associated to ice glacier fronts and iceberg formation. Greenland
halibut is a relatively slow growing and late maturing species and therefore vulnerable to overexploitation. The
past has shown that Greenland halibut in areas without ice glaciers, such as fjords in the southern West
Greenland, might be more susceptible to exploitation. This may be due to a lower productivity in fjords without
ice and active glaciers and also an easier access for the fishery to exploit the resource, meaning higher
exploitation and in all seasons. In a predicted changing environment in West Greenland towards warmer
conditions with fewer fjords with active ice glaciers and less icebergs being the main contributor for the high
primary and secondary production, Greenland halibut will be more vulnerable to exploitation in the future. This
will require that biological advice and the subsequent management of the resource accounts for these gradual
changes.
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Potential fishing resources in East Greenland waters in a changing
Arctic
Jesper Boje1, Rasmus Hedeholm1, Ole Jørgensen2
1
DTU Aqua, Charlottenlund, Denmark, 2Greenland Institute of Natural Resources, Nuuk,
Greenland

Fishery in East Greenland waters has for decades been dominated by a few species such as Northern shrimp,
Atlantic cod, Greenland halibut and redfish species. Scientific surveys conducted by the Greenland Institute of
Natural Resources and catch information from the fishery indicate that many of these species are highly
variable in their occurrence over time because East Greenland waters are on their margin of distribution. At
present the most stocks utilized commercially are on their northern boundary. Widely migrating pelagic species
such as herring, blue whiting and mackerel are now being observed in East Greenland waters in numbers that
have attracted commercial interest. Similarly, demersal species which has not been abundant before such as
blue ling have now become more abundant. In recent years an exploratory fishery has been conducted by
Greenland for potential pelagic fish species, thereby providing new information on the occurrence of these
pelagic stocks in the East Greenland area. It is well known that some of the larger pelagic stocks in the North
Atlantic widen its distribution when stocks are large, but the actual expanded distribution may also be related
to the changed environmental regime. Along with the expected reduced ice coverage in the area in the future,
the potential fishing area will increase as will the numbers of species, both demersal and pelagic. Biological
advice and fishery management will therefore need to take account of species interactions in a substantial
other way than at present where most fisheries are clean fisheries with minor or no bycatch.
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SYMBIOSES: an integrated modeling framework for decision
support in marine ecosystem based management
JoLynn Carroll1
1
Akvaplan-niva, Tromsø, Norway, 2Institute of Marine Research, Bergen, Norway, 3IMARES,
Den Helder, The Netherlands, 4SINTEF, Trondheim, Norway, 5University of Tromsø, Tromsø,
Norway
Ecosystem based management is today the foundation of international regulatory frameworks for managing
the oceans and seas. The approach enables the sustainable use of marine goods and services while maintaining
good environmental status and preventing subsequent deterioration. To support ecosystem basedmanagement, models are needed that simulate in more realistic detail the marine biosphere and focus on the
prediction of actual potential impacts instead of worst-case risks. Today we lack holistic models capable of
impact assessment and which would further support decision-making within an ecosystem based management
framework.
To address this challenge, an international consortium of petroleum industry partners has established a project
to develop an integrated modeling framework for ecosystem based impact assessments of the marine
environment that can be used to address environmental impacts linked to oil spill scenarios. This modeling
framework, known as SYMBIOSES, links existing population models for - fish, -, phyto- and zoo- plankton, and
oil exposure and effect models. SYMBIOSES is initially being developed for the Lofoten/Barents Sea area: area
region rich in petroleum resources and characterized as a key spawning and egg and larval drift areas for North
Atlantic commercial fish species. SYMBIOSES will be used to predict oil exposure and effects on larval feeding,
growth, and mortality, and hence recruitment to the fish stocks. SYMBIOSES allows for impacts on larval
survival to be traced through the population to observe the effect of oil spills on overall fish stocks. And it can
then be used alongside other modeling tools to improve risk assessments for petroleum developments.
The framework is being developed by experts in ecology, ecotoxicology, risk assessment and modeling from 16
institutes distributed among 8 nations. This presentation will describe the modeling framework and
development process and show how such approaches are of value toward providing stakeholders with more
detailed information on how to proactively avoid or minimize associated impacts from oil spills.
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Genetic analysis of snow crab (Chionocetes opilio) in the Barents
Sea - where are we?
Geir Dahle1, Ann-Lisbeth Agnalt1, Eva Farestveit1, Knut Jørstad1, Jean-Marie Sevigny2, Eric
Parent2, Sarah Hardy3
1
Institute of Marine Research, Bergen, Norway, 2Maurice Lamontagne Institute, Mont
Joli/Quebec, Canada, 3University of Alaska, Fairbanks/Alaska, USA
Snow crab (Chionoecetes opilio) is a new species in the Barents Sea. A few specimens were discovered in 1996,
and since then the population has increased considerably, estimated by Russian scientist to be 19 million
individuals in 2009. Snow crab, along with several other species seems to have a link to the Pacific (trans-arctic
interchange). Preliminary genetic analysis of samples from the Barents Sea, analyzed in Maurice Lamontagne
Institute did not show any conclusive resemblance to snow crab in the western Atlantic. The question of where
the snow crab in the Barents originated is still unresolved. Institute of Marine research has established
cooperation with Maurice Lamontagne Institute in Canada and University of Fairbanks in USA. The aim of this
cooperation is to elucidate the possible link between snow crab in the Pacific i.e. Bering Sea and the Arctic
oceans (including the Barents Sea), Preliminary results from microsatellite analysis, on samples collected
annually in the Barents Sea from 2004 to 2011 will be presented.
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Larval polar cod (Boreogadus saida) and sandlance (Ammodytes sp.)
trophodynamics in the warming Beaufort Sea
Marianne Falardeau1, Dominique Robert2, Louis Fortier1
1
Québec-Océan, Département de biologie, Université Laval, Québec, Canada, 2Centre for
Fisheries Ecosystems Research, Memorial University, St. John's, Canada
As in most areas of the Arctic Ocean, the duration of ice-free season, river discharge and frequency of
damaging storms increase in the warming Beaufort Sea. These rapid changes impact the equilibrium of the
marine ecosystem, and could potentially lead to the replacement of artic fish by a temperate assemblage. In
the Arctic marine food web, polar cod (Boreogadus saida) is a key species dominating the fish community and
channelling up to 75% of the energy from zooplankton to higher trophic levels. Sand lance (Ammodytes sp.), a
boreal fish species, recently appeared in the Beaufort Sea. Juveniles and larvae occurred with a strong
abundance in 2011 ichthyoplankton samples. The settlement of a permanent sand lance population in the
Beaufort Sea would considerably modify trophic interactions and could affect the polar cod survivorship
through competition. The present study aims at elucidating the consequences of such potential invasion on
polar cod early life history. Analysis based on larval period will permit to gain a perspective on the future arctic
fish communities, as survival of larvae dictates the abundance of adults. Ichthyoplankton were sampled in
September and October 2011 with a double-square net (500μm and 750μm mesh oblique tows) along with
their prey (50μm and 200µm mesh vertical tows) over 24 stations located on the MacKenzie Shelf and in
Amundsen Gulf. At each station, the potential prey field was described and quantified to the lowest taxonomic
level possible. The gut content of a larval subsample (42 polar cod and 42 sand lance) was dissected and prey
were measured, counted and identified to the species for evaluating prey selectivity, feeding success and diet
overlap. In a subsequent analysis, DNA barcoding will allow identifying Ammodytes larvae to the species, as
morphological traits do not allow discriminating congeners during early stages. The otolith microstructure will
be analysed for ~100 larvae per fish group to assess hatch date and growth history. Feeding habits and growth
rate will be used as trophodynamic indicators. We predict that the arrival of a boreal pelagic fish species in the
Arctic will modify carbon fluxes among trophic levels and could impact populations of vertebrate predators.
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Role of the invasive red king crab in the benthic food web:
Integrating stomach analysis and stable isotopes
Mona Maria Fuhrmann, Torstein Pedersen, Einar Magnus Nilssen
Department of Arctic and Marine Biology, University of Tromsø, 9037 Tromsø, Norway
The introduced red king crab (Paralithodes camtschaticus) has become an abundant predator of the benthic
community along the north Norwegian coast, potentially altering community structure and competing with
other native predators. Previous diet studies based on stomach analysis (SA) found soft bottom communities to
be the main foraging areas of the crab. The crab exhibits a large range of prey taxa and has therefore been
regarded as a generalist. Stomach analysis, however, provides only snap shots of the diet and does not allow
estimates of long term variation or the importance of easy digestible prey items. Stable isotope analysis (SIA) is
an alternative and complementary approach to SA and was used in the present study to investigate the trophic
position of this new invader. We analysed stable isotope signatures of carbon and nitrogen from the red king
crab and benthic community, including potential prey taxa. We tested for spatial, temporal and body size
variation in obtained signatures. To gain more detailed information on local feeding behaviour and prey
preferences, the results were compared to data obtained by SA from the same area. The study provides insight
into the trophic structure of an invaded fjord, as well as the individual variation in foraging behaviour of crabs.
The red king crab is a cold water species and with increased shipping in the north, the risk for a future spread
towards the north is real. The area of study, Porsangerfjord, has year around cold-bottom temperatures in its
inner part and might serve as a reference area for future impact studies on high latitude systems.
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An answer to the mystery of the missing polar cod (Boreogadus
saida)?
Maxime Geoffroy1, Andrew Majewski2, Jim Reist2, Louis Fortier1
1
Université Laval, Quebec, QC, Canada, 2Fisheries and Oceans Canada, Winnipeg, MB,
Canada
Polar cod represents a keystone species of the Arctic marine ecosystem that transfers up to 75% of the energy
between lower trophic levels and top predators. In the Canadian Arctic, adult polar cod are known to school in
shallow coastal areas during the ice-free season, but total biomass of these schools cannot support the
energetic requirements of predators and most individuals must have a different distribution pattern. Previous
studies partly addressed this "mystery" of the missing polar cod and revealed the formation of immense
aggregations over the continental slope of the Canadian Beaufort Sea during winter, mostly in the lower
Atlantic waters (>200m). However, distribution of the mature individuals in the area during the ice-free season
remains poorly documented despite the ecological importance of the species. As part of large environmental
research efforts, hydroacoustic surveys were conducted from 2009 to 2012 in the Canadian Beaufort Sea with
multi-frequency echosounders (Simrad EK60) and a fisheries sonar (Simrad SX90) to test the hypothesis that
adult polar cod school in shallow waters and near the surface during summer and fall. Instead, the acoustic
surveys detected scattered epipelagic aggregations of young-of-the-year (YOY) polar cod in the top 100 m.
Larger individuals (age 1+) formed a distinct layer in the Atlantic waters, over the continental slope in bottom
depth areas ranging from 200 to 400 m, similar to their winter distribution. Deployments of mid-water and
benthic trawls within these aggregations in 2012 allowed echo-validation. These hydroacoustic studies
highlight the importance of the continental slope as a year-long refuge for adult polar cod in the Canadian
Beaufort Sea. The interest for the offshore hydrocarbon resources of the Beaufort Sea, especially of the
continental slope area, has recently increased. As polar cod distribution is closely related to the slope and
water masses, a better knowledge of the species is needed to anticipate its response to the combined effects
of the ongoing increase in anthropogenic activities and warming of the Arctic Ocean.
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Collaboration within two Norwegian-Chinese research projects on
Arctic climate processes: Examples and future perspectives
Sebastian Gerland1, Christina A. Pedersen1, Jean-Charles Gallet1, Mats A. Granskog1, Na Li2,
Zhijun Li3, Jie Tang4, Caixin Wang1, Meigen Zhang5, Xiaoshan Zhang6, Jenny Baeseman7, Terje
K. Berntsen8, Bin Cheng9, Torbjørn Eltoft10, Marcel Nicolaus11, Donald K. Perovich12, Johan
Ström13
1
Norwegian Polar Institute, Fram Centre, Tromsø, Norway, 2Polar Research Institute of China,
Shanghai, China, 3Dalian University of Technology, Dalian, China, 4Chinese Academy of
Meteorological Sciences, China Meteorological Administration, Beijing, China, 5Institute of
Atmospheric Physics, Chinese Academy of Sciences, Beijing, China, 6Research Center for EcoEnvironmental Sciences, Chinese Academy of Sciences, Beijing, China, 7CliC IPO, Fram Centre,
Tromsø, Norway, 8Department of Geosciences, University of Oslo, Oslo, Norway, 9Finnish
Meteorological Institute, Helsinki, Finland, 10University of Tromsø, Department of Physics and
Technology, Tromsø, Norway, 11Alfred Wegener Institute for Polar and Marine Research,
Bremerhaven, Germany, 12Cold Regions Research and Engineering Laboratory, Hanover, NH,
USA, 13Department of Applied Environmental Science, Stockholm University, Stockholm,
Sweden
Striving to improve the understanding of Arctic climate feedback processes, Norwegian and Chinese
researchers have over the last few years collaborated in two projects funded by the Research Council of
Norway: "Advancing Modelling and Observing solar Radiation of Arctic sea ice - understanding changes and
processes" (AMORA), and "Long range Transport of black carbon and the effect on Snow albedo in North-east
China and in the Arctic" (LOTUS). The projects have focused on climate studies of snow and ice in the Arctic,
but a substantial focus has been also on knowledge transfer between Norway and China, scientist exchange,
and to educate young scientists on both sides. The substantial changes in the Arctic climate and ecosystem
over the last decades have prompted the need for increased collaboration in international research. Both
Norway and China have long traditions with snow and ice research in the Arctic, and AMORA and LOTUS have
served as a basis for exchanging some of this knowledge and experience. The projects also benefitted from
collaboration with other international partners. Both projects have investigated processes related to the optical
properties of snow and ice. We will report both on autonomous and manned measurements on drifting sea ice
(AMORA), and on how aerosols, like black carbon, affect the snow albedo and warm the surface (LOTUS). We
are currently discussing further collaborations between Norwegian and Chinese scientists in Polar climate
science, and this is also the subject of a workshop to be arranged at the Fram Centre in Tromsø in January 2013
back to back with Arctic Frontiers 2013.
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Capturing Coupling of Socio-economic and Environmental Changes
in the Bering Sea Sub Network (BSSN): A Distributed Human Sensor
Array to Detect Arctic Environmental Change.
Victoria Gofman1 ,2, Lilian Alessa3, Andy Kliskey3, Patricia Cochran4
1
Collaborative Research & Consulting, Anchorage, Alaska, USA, 2Aleut International
Association, Anchorage, Alaska, USA, 3Resilience and Adaptive Management Group,
University of Alaska, Anchorage, Anchorage, Alaska, USA, 4Alaska Native Science
Commission, Anchorage, Alaska, USA
As Arctic environment continues to change at an unprecedented rate, the Arctic social and economic landscape
is being transformed as well, creating new opportunities and challenges. For small indigenous communities
around the Arctic, this new reality may signify prosperity or demise of their societies. How can new scientific
knowledge be used to provide a solid foundation for policies needed to assure food security of Arctic peoples?
BSSN is a regional initiative of community-based organizations in Western Alaska and Northeast Russia for the
collection and local management of regional research and monitoring data derived from local observations.
The overall goal of BSSN is to improve the scientific knowledge of the environmental changes in the BSSN
region that have significance for understanding of pan-arctic processes, enabling scientists, arctic communities
and governments to predict, plan and respond to these changes.
The pilot project was carried in six initial communities, divided equally between U.S. and Russia, during IPY
2008-2009. It paved the way for a five-year (2009-2014) research project funded by the U.S. National Science
Foundation.
BSSN addresses the questions of: 1) historical and present distribution and properties of economic and
subsistence important species (ESS) as derived from collective indigenous and traditional knowledge; 2) types
of major variables and indicators that could be correlated with western science to develop predictable models
based on indigenous and traditional knowledge; and 3) spatial and temporal convergence and divergence of
community-derived and western science data.
Observations are collected across the network using standard protocols and survey methodology. Trained local
residents conduct semi-directed interviews to gather quantitative, qualitative and spatial data on subsistence
activities in BSSN member-communities, three coastal villages in the Russian regions of Chukotka and
Kamchatka and five villages in Western Alaska – all intimately connected to the Bering Sea and dependent on
its resources for their wellbeing.
Preliminary results indicate that local and indigenous knowledge: 1) produces accurate observations that can
be successfully corroborated with instrumental and other scientific data; 2) can lead to new findings and
discoveries; and that local residents are capable, willing and valuable partners in research activities in their
communities.
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Has ice retreat and ecosystem changes left Barents Sea harp seals
starving?
Tore Haug, Ulf Lindstrøm, Kjell Tormod Nilssen, Tor Arne Øigård
Institute of Marine Research, N-9294 Tromsø, Norway
Harp seals are major top predators in the Barents Sea. During spring they whelp and moult in the White and
southeastern Barents Sea. In June they disperse to feed, following the receding ice edge and moving
northwards in the Barents Sea. Studies of their foraging behaviour during this intensive summer feeding period
were conducted in the northern Barents Sea in 1996-2006. Subadult (<150 cm) and adult seals were observed
to feed heavily on pelagic crustaceans (particularly krill) - adult seals also ate fish. In terms of biomass, krill was
most important (63%) followed by polar cod (16%) and other fish species (10%). The seals targetted primarily
the most lipid-rich prey at this time of the year: krill, followed by other crustaceans and polar cod. Other fish
species were very lean. Availability of high-energetic food in the northern areas in spring and summer
presumably provide the energetic advantage necessary to account for the long migrations of harp seals from
their more southerly located winter distributions.
In the Barents Sea the ice coverage is at its minimum in summer and autumn. In recent years, the ice free area
of the northern part of the Barents Sea has increased during summer. Additionally, some fish species, such as
cod, have extended their range northwards. Could these observed changes in habitat have affected the
possibilities for harp seals to restore their blubber reserves during summer feeding? Harp seal body condition,
estimated from samples taken during spring in 1992-2011, exhibited a slow increase from 1992 to 2001,
whereafter a significant decrease to a minimum in 2011 occurred. Analyses of relevant covariates indicated
that high abundance of krill impacted the seal condition positively, emphasizing the ecological significance of
krill as key food for harp seals during summer. High abundances of capelin, polar cod and cod had, however, a
negative impact on seal condition. A linear correlation between annual pup production and blubber thickness
indicated that recently observed declines in pup production may be associated with changes in body condition
of the seals. Seemingly, indirect effects such as competition between harp seals and prey for shared resources
such as krill, may have resulted in negative effects on condition with subsequent implications for breeding
success. Longer migration routes with increased energy expenditure between the breeding/moulting areas and
feeding areas along the ice edge may certainly also have contributed to the reduced recent harp seal body
condition.
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Habitat for 0-group coastal cod (Gadus morhua) in Balsfjorden and
Porsangerfjorden
Kristin Heggland1 ,2, Torstein Pedersen1, Einar Magnus Nilssen1, Nina Mari Jørgensen2
1
University of Tromsø, Tromsø, Norway, 2Akvaplan-niva, Tromsø, Norway
The aim of this study is to investigate if there is any effect of habitat variability on abundance, diet, and
condition measures of 0-group costal cod. It will be attempted to assess which habitats are more suitable as
nursery ground for 0-group coastal cod.
The costal cod is mainly restricted to coastal areas and fjords, and can be distinguished from the Northeast
Arctic cod by the growth zones on the otoliths. The young-of-the year juvenile settles in shallow waters, 0 – 20
m and seldom occur any deeper before the age of 2. From 1994 to 2003 the population of costal cod was
greatly reduced and have remained on the same low level since. The spawning stock in 2011 has been
estimated to be the one of the lowest. The causes for the decrease in recruitment of coastal cod are poorly
known. There is a very limited knowledge of habitat requirements of the juvenile cod before they recruit to the
fishable stock and little is knowledge about habitat suitability for 0-group cod.
In this study we examined 0-group coastal cod collected form two fjords in Northern Norway, Balsfjorden and
Porsangerfjorden in August 2012. Samples have been retrieved using beach seine in both fjords. Six locations in
Balsfjorden, and 11 locations in Porsangerfjorden were sampled. In addition three stations were sampled using
pelagic trawl in Porsangerfjorden to sample 0-group cod in the pelagic habitat. Sample size varied from 1 to 157
individuals using beach seine, and from 4 to 992 using the pelagic trawl. For each haul using the beach seine a
description of bottom habitat was preformed, and the percent coverage of algae/plants, sand and rock was
estimated. At each haul, if present 10 individuals were measured for total length, pigmentation and colour
(using National Colour System) right after being retrieved. In the lab 10 individuals from each station was
randomly chosen for stomach analysis, otoliths and dry weight. Differences in condition and diet between
different habitats will be analysed to evaluate the quality of different habitats.
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Elements of prospective future harvest of marine biological
resources in the Arctic
Randi Ingvaldsen, Bjarte Bogstad, Melissa Chierici, Harald Gjøsæter, Tore Haug, Alf Håkon
Hoel, Lis L. Jørgensen, Tor Knutsen, Ingolf Røttingen, Hein Rune Skjoldal, Knut Sunnanå
Institute of Marine Research, Bergen and Tromsø, Norway
The present paper discusses two basic elements necessary for management of future harvesting in the Arctic
Ocean: Knowledge of the biological basis for harvesting and monitoring of the ecosystem.
There are still large knowledge gaps concerning the presence, abundance and distribution of planktonic
organisms, fish species, marine mammals and benthic organisms in the waters under Norwegian jurisdiction in
the Arctic Ocean. This investigations presents, based on observations from annual surveys, the species present
in this region today. We also outline the possible changes in the species distribution and communities due to
warming and ice-retreat.
Large-scale commercial fisheries for fish and invertebrates exist in the Barents Sea bordering the Arctic Ocean.
Some of the species currently targeted by these fisheries have also been observed in the Arctic Ocean.
Although most results so far imply that the productivity of the Arctic Ocean will increase when larger areas
become free-of-ice in summer, the productivity is expected to remain low and thus insufficient to sustain large
fish communities. However, changes in long term (20-40 year) perspectives are more uncertain, and rapid,
unexpected changes may also occur. Thus it is important to establish and maintain a monitoring program
suitable for early detection of changes in the Arctic Ocean ecosystem. Here we outline key elements necessary
for such a monitoring program in the Arctic Ocean.
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Circumpolar biodiversity: results of climate fluctuations and
intermingling of Atlantic and Pacific species?
Knut Eirik Jørstad, Ann-Lisbeth Agnalt
Institute of Marine Research, Bergen, Norway
The early taxonomy of closely related Pacific and Atlantic species are mainly based on general life history
characteristics. One example is the Atlantic herring (Clupea harengus) and Pacific herring (Clupea pallasi),
which are both commercial important species in the northern hemisphere. Based on morphology, vertebrae
number and spawning characteristics, Svetovidov considered the herring in White Sea and north-western
Russian areas as subspecies of Pacific herring, Clupea pallasi. New molecular methods have recently revealed
that some of the herring populations in northeast Atlantic are genetically closer related to Pacific herring than
to Atlantic herring. Such genetic links have also been detected in studies of other fish species (Gadus
chalcogrammus), shellfish (Macoma baltica) and copepods (Calanus marchallae). Recently, snow crab
(Chionocetes opilio) is established as self-sustaining populations in the Barents Sea, and preliminary genetic
studies cannot exclude linkage to snow crab population in the Bering Sea. The present situation is possibly
results of historical climate variations in the Arctic region - long interglacial periods with low ice
coverage which enabling free migrations between the Bering and Barents Seas. To evaluate the effects of
future climate changes, there is an urgent need for more comprehensive mapping of biodiversity in the Arctic
regions.
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Utility of the transition phase in earplugs for the common minke
whales, to improve their stock managements
Hikari Maeda1, Yoshihiro Fujise2, Toshiya Kishiro3, Gen Nakamura1, Hidehiro Kato1
1
Tokyo University of Marine Science and Technology, 4-5-7 Konan, Minato-ku, Tokyo, Japan,
2
The Institute of Cetacean Research, 4-5 Toyomi-cho, Chuo-ku, Tokyo, Japan, 3National
Research Institute of Far Seas Fisheries, 2-12-4 Fukuura, Kanazawa-ku, Yokohama,
Kanagawa, Japan
Age at sexual maturity is one of the most important biological parameter that can be used in stock
management and population analysis. Earplugs have been widely used as ageing characters among rorquals.
Furthermore for fin whales, sei whales, and Antarctic minke whales, it has been accepted that the transition
phase in earplugs can be used as an indicator of age at sexual maturity. The purpose of this study is to provide
further insights into usability of the transition phase as character of age at sexual maturity in common minke
whales in which its utility has not been clarified. The relationship between sexual maturity and the transition
phase found in earplugs was examined using a total of 991 earplugs of the common minke whales that were
sampled at the platform of scientific permit survey (JARPN, JARPNⅡ program) in 1994 to 2011. Recognition
rate of the transition phase in mature animals was 48.3% for male, 58.2% for female. It was revealed that the
transition phase could be also recognized in common minke whales. It was identified that most of sexually
matured animals had the transition phase in their earplugs. A significant correlation was found between
number of corpora and time after maturation as given by the transition phase. Therefore, it can be supported
that the transition phase was a valid indicator of age at sexual maturity also in common minke whales.
However, it was rather difficult to recognize the transition phase for animal immediately after attainment of
sexual maturation because not enough time had passed after formation of the transition phase. To avoid this
potential biases we should use only earplugs from animals over 12 years old after the birth.
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Krill, Climate, and Contrasting Future Scenarios for Arctic and
Antarctic Fisheries
Margaret McBride1, Padmini Dalpadado1, Alisdair Hobday2, Eileen Hofmann3, Anne
Hollowed5, Trond Kristiansen1, Harald Loeng1, Eugene Murphy4, Benjamin Planque1, Sam
Subbey1, Ken Drinkwater1
1
Institute of Marine Research, Bergen, Norway, 2CSIRO Climate Adaptation Flagship, Hobart,
Tasmania, Australia, 3Center for Coastal Physical Oceanography, Old Dominion University,
Norfolk, VA, USA, 4British Antarctic Survey, Natural Environment Research Council,
Cambridge, UK, 5NOAA, NMFS, Alaska Fisheries Science Center, Seattle, WA, USA
Recent observations in both the Arctic and Antarctic regions reveal rising air and ocean temperatures together
with significant reductions in the extent and thickness of sea-ice cover. This warming trend is predicted to
continue and to accelerate with Polar Regions incurring some of the most pronounced of these effects. The
marine systems in the Arctic and Antarctic have in common polar positions and cold temperatures, otherwise
they are strikingly different; and all areas within each of these regions do not respond to climate forcing in the
same manner. The combined effects of a changing climate on oceanographic processes and food web
dynamics are likely to influence future fisheries in Arctic and Antarctic regions in very different
ways. Differences in the life-history strategies of keystone species in Arctic and Antarctic ecosystems relative
to seasonal conditions — ice cover and resulting match-mismatch in the timing of peak occurrence for prey and
predatory species at higher trophic levels — will likely affect long-term trends in the productivity of fishery
species, and future fisheries in these regions. This paper: 1) considers differing characteristics — including
geographic, biological, chemical, and physical processes — which determine Arctic and Antarctic ecosystems; 2)
reviews the findings of recent studies to understand and predict the effects of climate change on ecosystems
and their marine food webs in both regions; 3) synthesizes this information to discern and suggest potential
differing future scenarios for fisheries in both regions; and 4) considers the implications for fisheries resource
management.
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Integrated Arctic Management in the U.S. High Arctic
Richard Merrick
NOAA Fisheries, Silver Spring, MD, USA
The rapid changes taking place in the Arctic pose unprecedented natural resource management challenges;
maintaining the sustainability of natural, cultural, and economic resources in the face of such uncertainty
demands a coordinated approach. Without a shared strategy in place to help managers fairly balance the
trade-offs of multiple uses, agencies and stakeholders will come into more frequent conflict and struggle to
meet critical ecological and social needs in the region. The U.S government is embarking upon an interagency
Integrated Arctic Management (IAM) effort will address this need by working closely with federal and nonfederal partners in the region to compile and provide this information for the entire U.S. Arctic. We intend to
develop a shared set of goals through a collaborative, establish a scientific framework to provide information to
decision, build capacity to implement Ecosystem Based Management (EBM) through training on principles, best
practices, and decision-support, and foster an EBM approach through place-based pilot projects. As initial
deliverables, IAM will a) compile and combine existing information on the most important biological and
cultural resources of the U.S. Arctic, b) assess and predict the nature and extent of anticipated development
pressures upon these resources, and c) once the information is collected, develop a set of plausible Arctic
futures for use in scenario-planning. These are the necessary first steps for an IAM process that endeavors to
develop a set of common “rules of the road” to balance trade-offs and ensure ecological, cultural, and
economic sustainability across jurisdictional boundaries. Having this information in place will enable more
informed decision-making across scales and jurisdictions, provide planning guidance to better avoid conflict
and litigation, allow managers to more fairly distribute the risks to stakeholder values, advance efforts to more
accurately consider cumulative impacts, and support a cohesive strategy for managing Arctic resources well
into the future.
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Differentiation of the White Sea herring (Clupea pallasi marisalbi
Berg) by the lipid status - one of a mechanism of intrapopulation
heterogeneity
Svetlana A. Murzina1, Zinaida A. Nefedova1, Nina N. Nemova1, Svetlana N. Pekkoeva2
1
Institute of biology Karelian research centre RAS, Petrozavodsk, Russia, 2Petrozavodsk State
University, Petrozavodsk, Russia
The White Sea oligovertebrate herring Clupea pallasi marisalbi Berg (Clupeiformes, Clupeidae) is related to the
Pacific herring and considered as one of the most important commercial fishes of the White Sea. Local stocks of
herring timed to specific hydlogical conditions in different areas of the sea (Kuzneshov, 1960). Population
structure of the White Sea herring is still unclear. It exists several viewpoints: the White Sea herring inhabited
different areas of the sea represents one population (Lapin, 1966; Lapin, Pochiluk, 1987); forms of the White
Sea herring inhabited different regions of the sea have originated differently (Galkina, 1969: Dushkina, 1975:
Mukhamedyarov, 1975); the White Sea herring is a complex of genetically isolated forms raised from one origin
(Lajus, 1990). Due to gradual recovery of seagrass Zoostera marina (spawning and larvae hatching place), the
herring stock increased. The functional condition of both individuals and the entire population can be very
accurately characterized using lipid parameters. The biochemical parameters of lipid metabolism are the most
sensitive and mobile in terms of initial adaptive reactions that take place on the level of macromolecules and
cells as an answer to specific conditions of habitation in the White Sea. Lipid and fatty acid status of the White
Sea herring inhabited Dvina, Kandalaksha and Onega Bays, and Tersky Shore in autumn was investigated. Using
biochemical and discriminant analysis, it was shown a heterogeneity of the White Sea herring groups from
studied areas by total lipids, some lipid classes and fatty acids. Detected alterations in lipid status of fishes
caused by different trophic and hydrobiological factors in the Bays. Differentiation of the White Sea herring by
the lipid status determines intrapopulation diversity and reflects adaptive alterations in metabolism that
influence on optimal existence of herring and its future life strategy in specific conditions of the White Sea.
Presented results can be used for solution of applied tasks related to development of scientific
recommendations to improvement of producing capacity of the White Sea herring. Acknowledgments: The
research was supported by The President of the Russian Federation Grants NSh-1642.2012.4 and MK666.2011.4; RFBR 11-04-00167-а; The Presidium of RAS Program of Fundamental Research "The Living nature:
contemporary condition and problems of development" project "Inventory of aquatic organisms communities
in Arctic and sub-Arctic ecosystems in changing biotic and abiotic factors»; FCP "Mechanisms of adaptation and
sustainability of organisms and populations of plants and animals in the North (physiological, biochemical and
molecular-genetic aspects)".
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Impact of the expanded distribution of marine and land species in
Canada's Western Arctic: An Inuvialuit Perspective
Frank Pokiak1, Jennifer Lam1 ,2
1
Inuvialuit Game Countil, Inuvik, NWT, Canada, 2Joint Secretariat - Inuvialuit Settlement
Region, Inuvik, NWT, Canada
Canada’s Arctic is expected to experience the highest levels of temperature increase in the world due to
climate change. This puts the Inuvialuit people of Canada’s Western Arctic in a unique position of experiencing
the greatest extent of change. In fact, observations of climatic changes are already being seen and recorded
around the Inuvialuit Settlement Region. Inuvialuit Traditional Knowledge is showing that there are significant
changes to the sea ice in the Beaufort , less predictable weather patterns , impacts on navigation abilities and
the practice of traditional activities, and on housing and infrastucture.
There have also been observations of the migration of marine and land species further north. There has been
an increase in grizzly bears migrating off the mainland and northward onto the outlying islands and increased
interactions with polar bears. There have been observations of orca whales into new regions in the arctic. New
fish species are also being observed in the Inuvialuit Settlement Region.
The introduction of these new species, along with the changing climate may lead to increased challenges for
resident species that the Inuvialuit have depended on. Other climate change effects (changes in sea ice, less
predictable weather) have also impacted their traditional harvesting practices. The Inuvialuit continue to
support research into climate change in their settlement region and have started to utilize various strategies
for coping with these observed changes in order to maintain aspects of their traditions as well as survive in a
changing arctic world.
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Using Economic Information to Anticipate Collapses in SocialEcological Systems
Andries Richter1, Vasilis Dakos2
1
CEES, University of Oslo, Oslo, Norway, 2Integrative Ecology Group, Estación Biológica de
Doñana, Sevilla, Spain
Social-ecological systems typically undergo gradual transformations, but may also suddenly change their
qualitative behavior. Ecological examples include fish stocks switching to a less productive regime or sudden
losses in biodiversity due to habitat degradation. Social examples include small communities switching from a
cooperative sustainable harvesting regime to an unsustainable one, where each community member exploits
the resource to grab as many resource rents as fast as possible. We develop a theoretical social-ecological
model, in which individual agents face the temptation to overexploit the resource, while a cooperative
harvesting norm spreads through the community via interpersonal relations.
A catastrophic transition from relatively high levels of cooperation to widespread norm violation can be
induced by biological or climatic forces, such as loss carrying of capacity and decrease in intrinsic growth rate,
but also by socioeconomic driving forces, such as an increase in the number of harvesting agents, or higher
harvesting efficiency. While social collapse results in wasteful overexploitation, it may also have irreversible
consequences and trigger also a collapse of the ecological system. Anticipating such collapse is still a major
challenge, especially with incomplete biological information, such as biomass estimates from stock
assessments. Here we show that collapse can be anticipated by investigating only socio-economic response
variables, even if biological information is absent. Even with full social-ecological complexity, early warning
signals derived from economic information, such as profits, can foretell a resource collapse in our model.
However, we also find that any early warning signs that are decreasing in severity may simple document the
attempts undertaken by some individuals to save the system just before it collapses, rather than a restoration
of the ecological system itself. By overlooking these social complexities, one may falsely conclude that the
system is recovering, while a resource collapse just lures around the corner. Using Economic Information to
Anticipate Collapses in Social-Ecological Systems
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Long-term dynamics of marine fish populations’ diversity in the
coastalwaters of the South-Eastern part of the Barents Sea
Andrey Semushin
PINRO, Arkhangelsk, Russia
Long term studies of marine fish populations in the south-eastern part of the Barents Sea were carried out by
PINRO, both coastal and open water areas were covered by trawl surveys. During last decades numerous
changes in marine fish diversity were observed in this region. The appearance of boreal fishes such as
Melanogrammus aeglefinus, Mallotus villosus became usual especially in open areas of the sea (Pechora Sea)
that we explain by eastern expansion of their populations due to suitable temperature and feeding conditions.
The stock of main arctic coastal commercial fishes of this region (Liopsetta glacialis, Eleginus navaga)
increased, because of degradation of coastal and offshore fishery and sea warming. In the same time the stock
of polar cod Boreogadus saida decreased significantly both in the feeding and spawning areas, that can be
explained by predation by immigrated species in feeding areas and concurrent relations and predation by
Eleginus navaga in coastal (spawning and nursery) areas. The another answer is redistribution of polar cod
stock into the eastern direction (Kara Sea), but now that can't be reliably proved. According to trawl survey
data, natural habitats of many non-commercial fishes extended in eastern direction and now we detect that
species composition in eastern parts of the sea became more various. In general we detect increasing of
diversity indexes of fish communities in the South-Eastern part of the Barents Sea.
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First experiences with tools for monitoring and prediction of nonindigenous species (NIS) in the Arctic
Andrea Sneekes, Klaas Kaag, Hilde van Pelt, Anneke van den Brink, Martine van den HeuvelGreve, Bas Bolman, Jeroen Jansen
IMARES Wageningen UR, Den Helder, The Netherlands
Both climate change and increased human activities may promote the introduction of new species into the
Arctic. Climate change may cause a passive secondary spread of species by a northward shift of temperate
species to the Arctic, whereas increased human activities such as shipping (ballast water and fouling) and
offshore constructions (predominantly fouling) facilitates a primary spread of species between regions in the
Arctic. The primary spread of non-indigenous species is influenced by e.g. number of ships, use of ballast water
treatment systems and type of anti-fouling. These non-indigenous species may compete with residential
species and impact both ecological and economic aspects of the Arctic system making it essential to monitor,
assess and predict impacts of non-indigenous species in the Arctic. Additionally, a shorter shipping route
further enhances redistribution of temperate species as less stepping stones are needed. This does not directly
have an impact on the Arctic ecosystems, but the process is facilitated when the Nordic shipping route
becomes available.
IMARES Wageningen UR is currently developing several tools for non-indigenous species that are also
applicable for the Arctic system:
-In order to assess the importance of ballast water as vector of non-indigenous species to or within the Arctic,
ballast water treatment is tested with low temperatures. This includes the influence of temperatures on
efficacy and residual toxicity of active substances.
-In order to facilitate species identification and discovery of non-indigenous species in monitoring programmes,
environmental barcoding techniques (DNA sequencing) are currently developed and applied. These techniques
enable the identification of microscopic species and life stages (including persistent resting stages) and can
specifically be aimed at living organisms.
The applicability of these tools in monitoring and risk assessment will be presented, as well as areas for further
research and development.
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Direct and Indirect Impacts of Ice on Harp Seals, Pagophilus
groenladicus, in the Northwest Atlantic
Garry Stenson1 ,3, Mike Hammill2, Alejandro Buren3 ,1
1
Dept. of Fisheries and Oceans, Canada, St. John's NL, Canada, 2Dept. of Fisheries and
Oceans, Canada, Mont Joli, QC, Canada, 3Memorial University, St, John's , NL, Canada
Harp seals (Pagophilus groenlandicus) are the most abundant marine mammal in the North Atlantic where it is
harvested commercially and for subsistence purposes throughout its range. The availability of suitable pack ice
is critical for this species, whose common name means ‘ice lover from Greenland'. Harp seals give birth and
nurse their pups on drifting pack ice. Once weaned, young seals also use the ice as a resting platform while they
develop the ability to dive and feed. Therefore, having adequate ice during the nursing and post weaning
period is critical for their survival; poor ice conditions result in higher than usual mortality of young. In the
northwest Atlantic, data from the Canadian Ice Service shows that both extent and thickness of ice has declined
throughout the traditional pupping areas in the Gulf of St. Lawrence and off northeast Newfoundland. In 2010
and 2011 ice extent was at, or near, the lowest since 1969. Harp seals responded to these poor ice conditions
by using unsuitable ice, moving to other areas, extending the whelping period and pupping outside of historical
areas. There was no evidence to indicate that harp seals pupped on land even in areas where ice was absent.
Young seals that did drift to shore had high levels of abandonment and mortality. The specific responses of
whelping seals to poor ice conditions were influenced by the amount and timing of ice development in the
different whelping areas.
Since the mid 1980s, condition and reproductive rates of Northwest Atlantic harp seals have been
declining. Interannual variability in pregnancy rates has also increased significantly. Modelling the impact of a
wide range of possible factors indicated that the general decline in fecundity can be explained by the observed
population increase while the interannual variability is in response to changes in late term abortions which, in
turn, are affected by changes in prey availability. The abundance of capelin, a key prey of harp seals, has been
shown to be correlated with the timing of ice retreat. Ice retreat triggers the annual phytoplankton bloom and
subsequent increases in zooplankton abundance. If the timing of the zooplankton increase coincides with a
critical feeding time for capelin, there will be more abundant prey for harp seals. Thus the extent and timing of
ice development has both direct and indirect impacts on harp seals, the true ice lover.

Arctic Frontiers 2012 – Oral presentations: Part II

76

Snow crab (Chionoecetes opilio) - stock status of the new invasive
crab species in the Barents Sea.
Jan H. Sundet1, Sergey Bakanev2
1
Institute of Marine Research, Tromsø, Norway, 2Polar Institute of Marine Fisheries and
Oceanography - PINRO, Murmansk, Russia
During a period of about 18 years since the first recording of the snow crab in the Barents Sea, the population
now numbers several million specimens inclusive juveniles and ripe females.
The major distribution area is in the Russian part of the Barents Sea, particularly along the west coast of Novja
Zemlja, but the crab has also distributed into the Norwegian waters. A stock estimate of legal sized male crabs
in Russian waters in 2011 varied between 61 and 547 million specimens. Regarding this being only 4 % of the
total stock the population size must be considerable. Recordings of berried female snow crabs and numerous
juveniles confirm that this species is self reproducing in the Barents Sea. It is therefore obvious that the
propagule pressure for further spread in this region is high and that new areas further north and west is likely
to be invaded. An increasing number of snow crabs are also caught in the northern part of the Norwegian zone
close to the boundary line with Russia recent years. In addition, six adult male snow crabs are caught in the
coastal areas of eastern Finnmark. The distribution pattern so far indicates that the snow crab in the Barents
Sea will adopt I more northerly distribution than the red king crab; the other invasive crab species in the area.
The paper provides an oversight of the current spread of the snow crab in the Barents Sea along with the size
and sex distribution.
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Bioprospecting in the Russian part of the Arctic seas. Is it a future
resource supply?
Oleg Titov
Knipovich Polar Research Institute of Marine Fisheries and Oceanography (PINRO),
Murmansk, Russia
Environmental conditions in the arctic seas are characterized by a variety of extremal and unique properties.
Apparently, marine organisms inhabiting the arctic seas should have adapted genetically to those conditions.
This adaptation is provided by the unique chemical compounds. Detection of those chemical agents,
identification of their structure and further laboratory synthesis are the main objectives of bioprospecting.
There is no doubt that bioprospecting in the Arctic is a promising trend in research activities and commercial
application that is based on use of the unique properties of Arctic species.
Ichthyofauna in the arctic seas of Russia (the northern Barents Sea, the Kara Sea, the Laptev Sea, the East
Siberian Sea and the Chukchi Sea) is considerably less diverse than in adjacent subarctic and boreal seas.
According to the data obtained by PINRO the areas which are the richest in bottom dwelling species are in the
Arctic eastern and north-eastern parts of the Barents Sea. Some arctic fish species herewith occur only in cold
northern areas, and benthic communities include boreal-arctic species which have adapted to changeable
temperature conditions. Microorganism and plankton which also inhabit areas with the most severe
environmental conditions are insufficiently studied.
Due to insufficient knowledge in the biology and ecology of marine species of the Arctic and virtually absent
Russian investigations in the field of bioprospecting Arctic species, mainly those of no commercial value, can be
of a great interest as one of the important parts of ecosystem and raw materials to be used to develop Russian
biotechnological and pharmacological industries.
During the recent two decades a trend in the large-scale climate warming has prevailed in the Arctic region that
resulted in high air and water temperatures and reduction of the area covered by sea ice. Under the conditions
of climate warming investigations in the field of bioprospecting may be renewed and developed owing to new
emerging opportunities for research activities in the areas to be covered with ice before. However, expansion
of the oil and gas industry into the arctic seas that may leave behind development of research activities is
currently an issue of great concern. The Arctic areas with expected high biomass and biological diversity of
high-latitude hydrobionts, even those of no commercial value but insufficiently studied or having
uninvestigated adaptation to severe environmental conditions, should have been properly protected, as well as
rich fishing areas, and actively studied.
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Climate change in the Barents Sea: a challenge for management of
the capelin
Sigurd Tjelmeland, Harald Gjøsæter, Bjarte Bogstad
Institute of Marine Research, Bergen, Norway
Recent climate related changes in the Barents Sea have led to extreme northerly distributions of cod and
capelin in the autumn with an unprecedented high degree of overlap in the feeding areas and long routes of
co-migration towards the spawning grounds. The present model used for management builds on a traditional
view of the bulk of predation of capelin by cod taking place prior to spawning, and that mainly immature cod
eats mature capelin during this period.
We give an overview of the changes to the management model needed to address the current ecosystem
situation and practical examples of how the management of capelin accordingly could be modified. The revised
model comprises also influence of the herring on capelin recruitment and the influence of the capelin
abundance on cod recruitment and practical examples of management in a herring-capelin-cod system are
given.

79

Arctic Frontiers 2013 – Oral presentations: Part II

Marine indicators for environmental impact assessment in the
Arctic
Martine van den Heuvel-Greve1, Michiel Kotterman1, Christiaan Kwadijk1, Nico van den
Brink1 ,2, Bas Bolman1
1
IMARES Wageningen UR, Yerseke, The Netherlands, 2Alterra Wageningen UR, Wageningen,
The Netherlands
The retreat of ice in the Arctic opens possibilities for increasing economic activities such as oil and gas
exploration, shipping and harbour developments. This may have an impact on the Arctic environment. In order
to unravel the level and significance of impacts, an assessment system is needed that provides relevant
information for stakeholders to undertake action to prevent or reduce impacts. IMARES Wageningen UR is
currently developing a step-by-step procedure for qualitative, semi-quantitative and quantitative
Environmental Impact Assessments in the Arctic. Indicators may form an important part of such an assessment.
This presentation focusses on indicators for chemical stress on biota in coastal areas. Benthic systems may
specifically be affected by stressors such as local release of industrial chemicals, physical-chemical
disturbances, and globally emitted chemicals that have ultimately reached the Arctic. Chemical stress on biota
is relatively well studied in the Arctic, predominantly in the pelagic system. Relevant existing indicators for
chemical stress will be presented as well as current knowledge gaps. Additionally, first results of a pilot study
on benthic indicators, conducted in June 2012 at Ny-Ålesund, Svalbard, will be presented.
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Recent changes in the diet composition and abundance of common
minke whales (Balaenoptera acutorostrata) in Icelandic waters. - A
response to climate change?
Gísli Víkingsson1, Bjarki Elvarsson1 ,2
1
Marine Research Institute, Reykjavík, Iceland, 2University of Iceland, Reykjavæik, Iceland
The common minke whale (Balaenoptera acutorostrata) is the most abundant mammalian top predator in
Icelandic continental shelf waters. Recent surveys have, however shown an appreciable decrease in abundance
of minke whales in Icelandic continental shelf waters. It has been hypothesized that these changes represent a
shift in distribution triggered by northward shifts in distribution of important prey species. An account will be
given on the first systematic research programme into the feeding ecology of common minke whales in
Icelandic waters based on analysis of minke whale stomach contents data collected in Icelandic waters during
2003-2007. The results show pronounced spatial and temporal variation in the diet. The temporal changes
include a decrease in the proportion of sandeel in the diet over the study period and a corresponding increase
in herring and gadoids. The diet also differed markedly from the limited previously available data from Icelandic
waters from the period 1977-1997). These changes in diet composition are consistent with recent changes in
the Icelandic continental shelf ecosystem including high sea temperatures and changes in distribution of
several fish species including sandeel and capelin. Although natural fluctuations cannot be ruled out at this
stage, these dietary changes, together with decreased abundance in coastal waters, may reflect the responses
of minke whales to a changed environment possibly driven by global warming.
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The potential for high-latitude species invasions via an Arctic
shipping network
Chris Ware1 ,2, Inger Greve Alsos1, Jamie B Kirkpatrick2, Jørgen Berge3, Jan H Sundet4, Anders
Jelmert5, Ashley DM Coutts6
1
Tromsø University Museum, Tromsø, Norway, 2University of Tasmania, Tasmania, Australia,
3
University of Tromsø, Tromsø, Norway, 4Institute of marine research, Tromsø, Norway,
5
Institute of marine research, Bergen, Norway, 6Biofouling solutions, Tasmania, Australia
The prevention of biotic invasion is a primary goal of environmental management. In the Arctic there is a need
to better characterise present and future marine bioinvasion hazards and risks. We use a vector based
assessment to analyse the potential for invasive species to be introduced by the shipping network to Arctic
Svalbard under both present and predicted environmental conditions and shipping activities. The strength of
individual vectors was determined by a measure of environmental similarity and connectivity to known
potential donor invasive species pools; vector strength was a factor of the potential for a vector to mediate
species transfer in ballast water, as biofouling, or both. Despite the modest size of the shipping network,
Svalbard is highly connected to a number of global ports. A smaller number of network components presently
connect Svalbard to favourable environments that host known invasive biofouling species. Predicted sea
surface warming would increase environmental similarity substantially between over 500 ports and Svalbard. A
broadened shipping network would then connect Svalbard to a pool of around 150 known invasive ballast
water and biofouling species with an increased likelihood of establishing around Svalbard if transported. The
potential for marine species invasion in Svalbard is presently limited by low year-round temperatures, and
restricted east-west shipping. Increasing ocean temperatures and any expansion within the shipping network
will rapidly reduce these barriers to invasion. Our data indicate that in the absence of focused preventative
management, the risk of species invasion in Svalbard, and the wider Arctic, will become high over coming
decades.
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Early Career
Dispersal rate of the introduced red king crab (Paralithodes
camtschaticus) in Norwegian waters
Kristin Windsland1 ,2, Carsten Hvingel1, Einar M. Nilssen2 ,1, Jan H. Sundet1
1
Institute of Marine Research, Tromsø, Norway, 2Faculty of Biosciences, Fisheries and
Economics, University of Tromsø, Tromsø, Norway
The red king crab (Paralithodes camtschaticus) was intentionally introduced to the Barents Sea and the growing
population has expanded into Norwegian waters. This range expansion is partly caused by active dispersal of
adult animals. The aim of this work was to explore dispersal behavior of red king crab in Norwegian waters.
Factors that might affect dispersal probability were examined in a logistic regression. We also calculated
dispersal probabilities of red king crab in different areas of the distribution range by correcting tag-recapture
data for fishery effort. Dispersal probability was found to be independent of sex and size but was found to vary
with year and area. In addition we found a positive connection between dispersal probability and
duration. Evaluation of corrected tag-recapture data revealed a connection with population density on a
smaller scale. There was also an indication that dispersal in Norwegian waters is less than in native areas,
possibly due to a difference in habitat complexity.
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Dynamics and reproduction of the arctic copepod Calanus
hyperboreus during a year of record low ice cover in the
southeastern Beaufort Sea
Gerald Darnis1, Anette Wold2, Stig Falk-Petersen2, Louis Fortier1
1
Québec-Océan, Département de biologie, Université Laval, Québec, Canada,
2
Norwegian Polar Institute, Tromsø, Norway
The copepod Calanus hyperboreus plays a key role in the trophic transfer of energy and
biogeochemical carbon flux in the ecosystems of the deep Arctic shelf margins and basins. As the only
calanid species to reproduce in winter, important aspects of its life history traits remain poorly
documented. The life cycle and reproductive biology of C. hyperboreus was studied from October
2007 to July 2008 during a year of record low ice cover in the southeastern Beaufort Sea.
The composition of the overwintering stages, dominated by CIV, adult females (AF) and CV, suggests a
2- to 3-year life cycle, analogous to cycles at other arctic regions traditionally experiencing earlier
seasonal ice break-up. The population overwintered at depth until April and made a fast ascent to the
surface before the precocious 2008 ice break-up and phytoplankton bloom in May, one month earlier
than normal. Within two months, stages AF and CV replenished their energy reserves and initiated
-1 -1
their downward seasonal migration in July. A vigorous winter 2008 reproduction (20-65 eggs f d ),
from January to mid-April, brought high numbers of eggs and young nauplii NI-NIII in the water
column. However, recruitment of CI in late May, in coincidence with the strong phytoplankton bloom,
was modest (13-21% of copepodites) in Amundsen Gulf compared to sites off the western coast of
Banks Island and in McClure strait (>75% of copepodites). Consequently, C. hyperboreus total
abundance and biomass stagnated throughout summer in Amundsen Gulf. As a mismatch between
the first-feeding stages and food availability was unlikely under the favorable feeding conditions of
April-May 2008, we surmise that heavy predation on the young stages in late winter prevented
subsequent copepodite recruitment and population growth. Particularly abundant in the 2007-2008
thinly ice-covered Amundsen Gulf, the omnivore copepod Metridia longa was likely a main consumer
of C. hyperboreus eggs and nauplii. With the ongoing lengthening of the ice-free season due to
climate change, the consequences of an intensification of top-down control of the recruitment of C.
hyperboreus by thriving populations of M. longa and other mesopelagic omnivores over the deep
margins of the Canadian Arctic shelves are discussed.
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Invited talk
Use of underwater robots and sensors to map, monitor and
estimate biomass/production in marine plankton, macro
algae and benthos in the Arctic
Geir Johnsen1 ,2, Mark Moline3, Martin Ludvigsen1, Jørgen Berge2 ,4, Asgeir Sørensen1
1
Norwegian University of Science and Technology (NTNU), Trondheim, Norway,
2
University Centre on Svalbard, Longyearbyen, Svalbard and Jan Mayen, 3University
of Delaware, Delaware, USA, 4University of Tromsø (UiTø), Tromsø, Norway
The use of Remotely Operated Vehicles (ROV), Autonomous Underwater Vehicles (AUV) and Gliders
are now becoming the new instrument-carrying platforms for future optical and acoustic sensors
enhancing the understanding of the bio-geo-chemical dynamics at ocean surface, water column and
sea-floor. Further on, sensor based identification of different taxa of phyto/zooplankton, macro algae
and benthic organisms are now under progress to estimate biomass and production in 3 dimensions.
Robot-based underwater identification, mapping and monitoring of bio-geo-chemical objects of
interest can be used for a better environmental management of natural resources enhancing quality
of governmental decision making in the Arctic. We show examples of taxa identification, dynamics,
biomass and production estimates of phytoplankton, zooplankton and benthos. We give examples of
new optical sensors to identify and map bioluminescent organisms (different groups of zooplankton)
by the use of a "bathyphotometer" deployed on AUV, identification and mapping of different cold
water coral species using "Underwater Hyperspectral Imager" on ROV. These mobile platforms are an
important aid for satellite-based remote sensing identifying, verifying, sampling and mapping
organisms in the water surface, water column and sea-floor that is not seen by satellite sensors. The
use of mobile underwater robots together with time-series stations around Svalbard will greatly
enhance the understanding of marine taxa dynamics trough the whole year cycle in general. The use
of these technologies to map and monitor polar night marine biology have the last three years shown
high activity from seabirds at surface, zooplankton in the water column to benthic organism at seafloor. Also, the interaction between organisms and environmental variables such as temperature and
light regime can be shown with high spatial and temporal resolution.
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Invited talk
Production in the Barents Sea and the marine mammal
community
Kit M. Kovacs1, Mette Skern-Mauritzen2, Nils Øien2, Christian Lydersen1
1
Norwegian Polar Institute, Tromsø, Norway, 2Institute of Marine Research, Tromsø,
Norway
The Barents Sea is one of the most productive of the Arctic shelf-seas. Despite its seasonal ice-cover
and high latitude location, with its concomitantly long winter dark-period, the strong influence of
warm Atlantic water and advected zooplankton from the Norwegian Sea serve to "jump-start" the
Barents Sea annually. The abundant invertebrate and fish stocks have promoted a rich top trophic
assemblage that includes a diverse marine mammal community. The extensive, retreating marginal
ice zone (MIZ) has provided a relatively temporally and spatially predictable concentration of food for
marine mammals in the spring and summer seasons in the past. A marked reduction in sea ice extent
and ice volume, and generally warming conditions in the region are undoubtedly going to cause major
changes within the whole Barents Sea food web, including the top trophic community. Arctic
endemics (and cold-adapted species) that occupy High Arctic sectors of the Barents Sea will
undoubtedly face a host of challenges as sea ice habitats continue to decline. Seasonally migrant sea
mammals are likely to benefit from increased overall production levels with the longer growing
seasons in the decades to come, and from increased habitat extent. However, their extended
seasonal presence and abundance(s) is likely to further exacerbate the situation for endemic marine
mammals. We will explore current consumption rates and foraging patterns of marine mammal
populations in the Barents Sea and reflect on how this community is likely going to respond to
changing productivity patterns in the future.

87

Arctic Frontiers 2013 – Oral presentations: Part III

Invited talk
Integrated primary and community production in the Arctic
Ocean: In situ and remotely sensed estimates
Patricia Matrai
Bigelow Laboratory for Ocean Sciences, West Boothby Hbr, USA
Recent changes in the Arctic Ocean (AO) cryosphere which include reduced ice thickness and extent
and surface warming have sparked keen interest in the possible consequences for primary production
(PP). However, a benchmark Pan-Arctic estimate of PP has been difficult to determine. Average,
annual, regional and pan-Arctic estimates of PP have been derived for the AO based on historical in
situ PP and in situ chlorophyll data collected over the past 50 years (1957-2007) as well as SeaWiFS
ocean color-derived PP (1977-2007). Community production (1928-2007) has also been estimated
from a detailed study of nutrient for the annual growth season on a regional and pan-arctic basis. Can
a single estimate of annual, integrated PP for each AO region and pan-Arctic be synthesized from
these four approaches? The methodological error associated with each field method, propagated in
space and time, combined with the scarcity of data for the AO, both in space and time, make this
question difficult to answer. New technological tools, such as buoys and floats, can provide high
frequency optically-derived data, especially in those seasons when field sampling is difficult;
opportunities for and challenges to these automated measurements provided by sea ice and limited
light conditions will also be explored.
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Invited talk
Benthic productivity: a pan-Arctic view of local processes
Paul E. Renaud1 ,2
1
Akvaplan-niva, Tromsø, Norway, 2University Centre on Svalbard, Longyearbyen,
Svalbard and Jan Mayen
Productivity of Arctic benthos is rarely estimated directly, but is an important ecological process that
links community structure with ecosystem function. Recently developed models enable estimation of
productivity from standard community structure parameters, providing insight into potential energyflow through the system, and spatial patterns in both physical drivers and feeding areas of benthicfeeding top predators (demersal fish, grey whales, walrus, sea ducks). Reliably productive areas often
appear as local 'hot spots' of biomass, reflecting oceanographic features promoting high primary
production or deposition of organic material. Mechanisms promoting such 'hot spots' include
recurring polynyas, upwelling, strong tidal mixing, and enhanced vertical flux of organic matter,
supporting the paradigm of tight pelagic-benthic coupling on Arctic shelves. A pan-Arctic perspective
of benthic productivity must, therefore, begin at the local- or meso- scale, and predictions as to how
benthic productivity will change in a future Arctic must first take these overriding mechanisms into
consideration. Since productivity hot spots are likely significant for large parts of the food-web, they
should be prioritized in national and international management efforts.
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Floating ice-algal aggregates below melting Arctic sea ice:
hotspots of biological activity and an important food source
for the ice-associated fauna
Philipp Assmy1, Arild Sundfjord1, Haakon Hop1, Jens K. Ehn2, Mar Fernández-Méndez3
,4
, Svein Kristiansen5, Gunnar Spreen1, Agnieszka Tatarek6, Katrin Bluhm7, Malin
Daase1, Agneta Fransson1, Mats A. Granskog1, Stephen Hudson1, Christina A.
Pedersen1, Angelika H.H. Renner1, Jozef Wiktor6
1
Norwegian Polar Institute, Tromsø, Norway, 2University of Manitoba, Winnipeg,
Canada, 3Alfred Wegener Institute, Bremerhaven, Germany, 4Max Planck Institute for
Marine Microbiology, Bremen, Germany, 5University of Tromsø, Tromsø, Norway,
6
Institute of Oceanology, Sopot, Poland, 7Akvaplan-niva, Tromsø, Norway
The seasonal growth and melt cycle of the Arctic sea ice biome is rapidly amplifying due to climate
warming. Ice algae, at the base of the Arctic sea ice ecosystem, have to cope with their release into a
freshening water column during the melt season, and due to their inherent stickiness are prone to
aggregation and subsequent sedimentation. During two consecutive cruises to the Eastern Central
Arctic in late summer 2012 we observed the mass occurrence of floating algal aggregates in the meltwater layer below drifting pack ice. The macroscopic aggregates were relatively compact and
dominated by typical ice-associated pennate diatoms embedded in a polysaccharide mucous, while
pelagic species were conspicuously rare. Buoyancy of the aggregates was maintained just above a
sharp pycnocline that separated melt and seawater layers and provided continued access to light and
recycled nutrients in the well-lit surface layer. Net oxygen production, sustained by elevated rates of
primary productivity and trapped inside the mucous matrix, was primarily responsible for the
buoyancy of the aggregates. The aggregates constituted an important food source for the iceassociated fauna as revealed by high abundances of naked ciliates living within the aggregate matrix
and ice amphipods, in particular Apherusa glacialis and Onisimus glacialis, feeding on them. During
the oligotrophic Arctic summer months, this unique microhabitat, because of its spatial extent, is
likely to play an important ecological role in an otherwise impoverished sea ice environment. Our
findings highlight previously unnoticed melt-dynamical effects on a unique ice-associated
microhabitat which was possibly associated with the 2012 record minimum sea ice extent.
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Production and advection at the Barents Sea polar front in
June 2011
Sünnje Basedow1, Arild Sundfjord2
1
University of Nordland, Bodø, Norway, 2Norwegian Polar Institute, Tromsø, Norway
The polar front is highly productive in terms of secondary production, but production is not
homogeneously distributed across the front. Different water masses (Atlantic Water, AtW; Arctic
Water, ArW; and polar front waters, PfW) are occupied by mesozooplankton communities that differ
in size and species composition, with important implications for the energy transfer to higher trophic
levels. Also different depth strata are occupied by different zooplankton communities, which are thus
subject to different current velocities and directions. We test if AtW, PfW and ArW gain or loose
secondary production by advection, and in how far water masses at the front supply production and
energy to other water masses or to the benthos.
State-of-the-art equipment was used to sample the three core hydrographical regions of the polar
front (AtW, ArW and PfW) with sufficiently high spatial resolution to quantitatively assess
zooplankton secondary production and advection. A moving vessel profiler (MVP) and a ship-borne
acoustic doppler current profiler (ADCP) were deployed along a transect crossing the front twice in
June 2011. The sensors mounted on the MVP provided physical and biological data at rate of 2 Hz,
including hydrography (CTD), fluorescence (F), and zooplankton abundance in the size range between
0.1 and 30 mm (laser optical plankton counter, LOPC). The in situ high-resolution data were supplied
by discrete water and zooplankton net samples for calibration of sensors, and after in depth quality
assessments they were followed up by estimates of vital rates based on biovolume spectrum
theories. Post-processed and de-tided (using Arctic Ocean Tidal Inversion Model) current
measurements were used to quantify advection rates along the transect.
Data are currently being analysed, but preliminary results indicate very high production of small
zooplankton in PfW and also AtW. The location of the front was stable in time during the two visits,
but a displacement of production across the front is indicated. Rates are not yet ready, but will be
presented in January.

91

Arctic Frontiers 2013 – Oral presentations: Part III

Variability of vertical particle flux at the long-term
observatory HAUSGARTEN in Eastern Fram Strait since the
year 2000. Are we witnessing a change in epipelagic
community structure?
Eduard Bauerfeind, Eva-Maria Nöthig, Kristin Hardge, Angelina Kraft, Catherine
Lalande, Katja Metfies, Michael Klages
Alfred-Wegener-Institute for Polar and Marine Research, Bremerhaven, Germany
The export and composition of particles has been measured by means of annually moored sediment
traps at the AWI long-term observatory HAUSGARTEN in Fram Strait (79°/4°E) in 200-300m depth
since the year 2000. The area of investigation west of Spitsbergen at a water depth of 2500m is
temporally covered by sea ice during the course of the year. It is further influenced by the inflow of
warm Atlantic waters at the surface as well as recirculating of the warm waters modified by outflowing cold arctic waters. With our study we aim at tracing effects of environmental changes in
pelagic system structure and impacts on the fate of organic matter produced in the upper water
column in a region that is anticipated to react very sensible to climate change. We present data on
the export of total particulate matter (TPM), particulate organic carbon and nitrogen (POC/PON),
biogenic particulate silica (bPSi), carbonate (CaCO3) and protist composition achieved during the
period 2000 - 2009. We observed a bimodal seasonal sedimentation pattern for almost all flux
components. Annual fluxes showed greatest variation for TPM and CaCO3 (3-5 fold), and a drastic
decrease in bPSi, a proxy for diatoms. The export of organic carbon and total biogenic matter on the
other hand hardly showed any variation (1-2 fold) since the begin of the measurements in the year
2000.
The results obtained during the 9 year period of the study are compared to the findings of sediment
trap studies conducted in the Fram Strait during the end of the eighties and we will discuss our
findings in regard to the changing environmental conditions in the area.
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Reading Between the Lines: Bivalve Growth Rate and Isotopic
Variability Across the Barents Sea Polar Front
Michael Carroll1, William Ambrose1 ,2, William Locke2, Stuart Ryan2, Beverly Johnson2
1
Akvaplan-niva, Tromsø, Norway, 2Bates College, Lewiston, Maine, USA
Analysis of bivalve shell increments provides a means to reconstruct long-term patterns in growth
histories and assess factors that regulate marine ecosystems, while tissue stable isotopes are
indicators of food supply and trophic dynamics. We examined shell growth patterns and tissue stable
isotopic composition (δ13C and δ15N) of the Hairy cockle (Clinocardium ciliatum) in the northwest
Barents Sea to evaluate the influence of different water masses and the polar front on growth rates
and food supply and to assess the influence of climatic variability on ecological processes over
decadal scales to seasonal scales. Overall shell growth rates were highest in Atlantic water,
intermediate in Arctic water, and lowest at the polar front. Temporal patterns of ontogeneticallyadjusted growth (SGI) were negatively correlated with the Atlantic Multidecadal Oscillation (AMO),
local precipitation, and ice free days. The highest growth occurred during colder periods with more
sea ice, while lower growth was associated with warmer periods and less sea ice. Populations in
Atlantic water were more strongly influenced by climatic variability, and environmental variables
included in our analysis explained up to 64% of interannual variation in bivalve growth in the Atlantic
region, 35% in the Arctic region, and 57% at the Polar Front. Tissues from Polar waters had
significantly higher lipid concentrations than those from Atlantic waters. Stable isotope values of lipidextracted tissues progressively increased from Arctic to Atlantic waters, with Atlantic waters enriched
13
15
in δ C by up to 2.1‰ and δ N by 1.5‰ compared to Arctic waters. There were also distinct seasonal
and water mass variations in stable isotopic and C:N values, indicating both spatial and temporal
variability in food supplies to the bivalves in this region. These results reveal differences in food
sources and in pelagic-benthic coupling between water masses of the Barents Sea on relatively small
spatial scales. Integrating results of sclerochronological and stable isotopic analyses of benthic
bivalves provides added insight into the ecological function of these systems when assessing possible
effects of climatically driven changes in water mass distributions in the Barents Sea.
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Deep-water sponge assemblages in the south-western
Barents Sea - balancing their ecosystem role with increasing
human activities
Sabine Cochrane, Marianne Frantzen, Perrine Geraudie
Akvaplan-niva, Tromsø, Norway
The south-western part of the Barents Sea is experiencing an increase in petroleum developments. In
the same areas, the sea floor fauna is characterized by sponges such as the potato sponge Geodia,
and their associated fauna. The OSPAR Regional Sea Convention lists such deep-sea sponge
assemblages amongst its habitat types, and thus concerns are emerging within environmental
regulatory bodies as to the sensitivity of the area to ongoing and developing pressures. Secondary
producers such as sponges have a recognized role as autogenic ecosystem engineers, but through
complex bacterial interactions, sponges also are important contributors to nitrogen cycling at the sea
floor. The specialized properties of sponges have made them highly interesting for biotechnology. We
examine the ecosystem role of sponges in soft sediments in the south-western Barents Sea, and their
known and potential responses to pressures such as demersal trawling and drill cuttings, combined
with other environmental drivers. Issues of sensitivity are discussed in terms of habitat integrity and
spatial and temporal scales of impacts. Methodology for quantification of sponge densities is
discussed, as are the challenges involved in moving from mapping to assessment of conservation
value, and how to conduct petroleum activities with minimal impact on sponge habitats. Ongoing and
developing research which aims to provide knowledge for optimal environmental management
strategies is outlined, including challenges and needs for improving experimental culture techniques.
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Polar night ecology and oceanography: findings from the
January cruise at 82oN
Stig Falk-Petersen1 ,2, Øystein Varpe3 ,4, Vladimir Pavlov1, Malin Daase1, Jørgen Berge1
,4
1

1) Norwegian Polar Institute, 9296 Tromsø,, Norway, 22) Faculty of Biosciences,
Fisheries and Economics, University of Tromsø, 9037 Tromsø, Norway, 33) Akvaplanniva, 9296 Tromsø, Norway, 44) University Centre in Svalbard, 9171 Longyearbyen,
Norway
In January 2012 RV Helmer Hansen conducted a research cruise to Rijpfjorden and the Fram Strait,
o
reaching nearly 82 N. To our knowledge, this is the first time research in these waters has been
carried out during the Polar Night. The Fram expedition, as well as the Russian drift stations and the
Tara Arctic Expedition, all exited through the Fram Strait during summer and autumn. We studied
atmospheric forcing, physical oceanography and marine biology from Ripfjorden across the shelf and
into the deep Fram Strait with depths of more than 2000m. Here we report on some of the major
ecological findings from the cruise, and relate these to the atmospheric forcing during winter 2011 /
2012 that forced the ice edge northwards to nearly 85oN. We also discusses the difference in the
physical oceanography between summer and winter 2012, and report on ice fauna distributions as
well as on the vertical and horizontal distribution of key zooplankton and fish species.
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Formation of plankton communities structure under
oceanographic condition impact in the arctic Barents and Kara
Seas in 2006-2011
Emma Orlova, Vladimir Boitsov, Viktor Ivshin, Andrey Dolgov, Valentina Nesterova,
Irina Prokopchuk
Polar Research Institute of Marine Fisheries and Oceanography (PINRO), Murmansk,
Russia
Oceanographic conditions in the north-eastern Barents Sea and the north-western Kara Sea are
considered, which characterized by higher temperature in the waters of different genesis and low ice
coverage. It was shown that long-term high heat content of water masses and faster rate of ice
border shift northwards result to increased area appreciated for plankton development in the Barents
Sea during warm season of last years. It produces good conditions for northward distribution of arctic
copepods and especially Calanus glacialis, which has the highest abundance and biomass among
arctic species. In contrast, during the years with high advection of Atlantic waters the influx of boreal
species С. finmarchicus has increased and this species distributes very widely (up to the Kara Sea)
with the Northern Branch of Nordkap current. Based on the data on the standard oceanographic
section “Kola section” from 2008-2011 it was also shown increasing drift of С. finmarchicus from the
Norwegian Sea. In addition relations between temperature conditions, phytocoenosis state, as well as
plankton reproduction dates, development rates and biomass formation peculiarities in the arctic
parts of the Barents and Kara Seas.
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Seasonal changes in the spatial organization of the Barents
Sea ecosystem
Per Fauchald1, Mette Skern-Mauritzen2, Edda Johannesen2, Ulf Lindstrom2
1
Norwegian Institute for Nature Research, Tromso, Norway, 2Institute of Marine
Research, Bergen, Norway
The seasonal ice-cover plays a central role for the structure and functioning of polar pelagic
ecosystems. In this study, we analyze the spatial organization of pelagic top predators and prey in the
Barents Sea in early autumn, when the ice-cover is at a minimum, and in late winter, when the icecover is at a maximum. The trophic structure in early autumn was complex with high species diversity
and complex spatial interactions between predators and prey. Competing species were segregated in
spatial niches, resulting in a spatially structured and predictable "niche based" system. The trophic
structure in winter was much simpler with lower species diversity and simpler interactions between
predators and prey. The spatial niches had largely disappeared, resulting in a spatially elusive and
unpredictable "hide-and-seek" system with a strong spatial overlap between predators and prey. We
propose that the spatial organization of marine pelagic ecosystems can be described along a
continuum from a predictable and rigid "hot spot" system via a "niche based" system to an
unpredictable and dynamic "hide-and-seek" system. Moreover, we suggest that the prevailing type of
organization is linked to the behavioral responses and counter-responses of predators and prey and
how these responses are constrained by the environment. The type of organization will accordingly
be determined by factors such as productivity, species diversity and oceanographic heterogeneity.
We show that the spatial organization can shift between seasons in a polar ecosystem were seasonal
ice cover generates an extreme seasonality in productivity and diversity.
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Effects of food and light on the physiology of Calanus glacialis
during different seasons in the Arctic
Daniela Freese1 ,2, Barbara Niehoff1, Janne E. Søreide2
1
Alfred Wegener Institute, Bremerhaven, Germany, 2University Centre in Svalbard,
Longyearbyen, Norway
High latitude marine ecosystems experience strong seasonality in incoming light and thus food
availability. The ongoing reduction in sea ice thickness and extent will change the underwater light
climate significantly in the Arctic. Herbivorous calanoid copepods of the genus Calanus of northern
higher latitudes are considered to endure times of unfavorable environmental conditions in a state of
arrested development, referred to as diapause. However, to date we have very limited knowledge
regarding the overwintering physiology and adaptability of Calanus spp. to changes in external cues
like light and food. To study potential impacts of changes in the light and primary production regime
on Calanus spp. in the Arctic, we measured enzymatic response and biochemical composition of
Calanus glacialis copepodite stage V to presence or absence of food (Thalassiosira spp.) and light in
winter (November 2009) and summer (July 2010). In situ proteinase and lipase/esterase activity was
10 times and 19 times higher, respectively, while metabolic activity (citrate synthase, CS) was twice as
high for C. glacialis CV in summer compared to winter, suggesting that individuals collected at depth
in winter had reduced activity and were in an overwintering state. Food availability amplified
digestive activity in both seasons, while light had a minor effect in comparison. In winter, gel
electrophoresis revealed a change in enzyme pattern over the three weeks of incubation, indicating
that feeding induced enzyme expression. Green guts in approximately 90% of fed individuals at the
end of the experiment supported that they were actively feeding. However, there was no significant
increase in dry mass or carbon and nitrogen content in feeding individuals during the winter
experiment. These results suggest that factors other than food and light must be involved in
controlling the transition from diapauses to activity in C. glacialis, which is currently under
investigation. Understanding the consequences of shifting environmental parameters on the
physiology of this energy rich copepod species is crucial to assess to the survival success of the
overwintering stock and therefore the fate of the pelagic food web and especially of higher trophic
levels in the following spring.
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The influence of advection on the marine ecosystem of Arctic
fjords: The 2009-2011 seasons of the Billefjorden model
system, western Spitsbergen.
Tove M. Gabrielsen1, Lilith Kuckero1, Lene Christensen1, Janne E. Søreide1, Anna
Vader1, Miriam Marquardt1, Archana Meshram1, Finlo Cottier4, Svein Kristiansen3,
Cecilie H. von Quillfeldt2, Jørgen Berge1 ,3
1
University Centre in Svalbard, Longyearbyen, Norway, 2Norwegian Polar Institute,
Tromsø, Norway, 3University of Tromsø, Tromsø, Norway, 4Scottish Association of
MArine Sciences, Oben, UK
The fjords of western Spitsbergen are influenced by advection of warm and saline Atlantic water (AW)
transported by the West Spitsbergen Current and exchanged across the West Spitsbergen shelf.
Billefjorden is the innermost fjord of the Isfjorden system on western Spitsbergen, and is usually
mostly influenced by locally produced winter cooled water due to two sills that restrict the advection
of AW below 50 m into the fjord. As such, it has been utilized as a model system to study biological
processes in high Arctic fjords. A typical situation was identified in 2009, where the fjord was covered
with fast ice from January until mid June, and the whole water body was well mixed and cold (around
-1.8 °C) during the spring. An ice algal bloom occurred in May and a pelagic bloom in June, both
dominated by diatoms. In contrast, in 2011a wind-driven advection of warm AW entered Billefjorden
in early May heating the surface water 1 °C and melting the sea ice from below. No ice algal bloom
was detected, and the pelagic bloom peaked in May and was dominated by Phaeocystis. Whereas in
2009 the nitrate and silicate were depleted by mid June, silicate stayed above 1 mmol m-3 throughout
the season in 2011. Our results show that advection can have a significant effect on the marine
ecosystem of the ice covered Spitsbergen fjords by changing the spring bloom structure, potentially
leading to a shift in the food web.
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Arctic plankton metabolism: rates and drivers
Lara S Garcia-Corral1, Carlos M Duarte1 ,2, Raquel Vaquer-Sunyer3, Aurore Regaudiede-Gioux4, Johnna Holding1, Ines Mazarrasa1, Susana Agusti1 ,2, Paul Wassmann4
1
Mediterranean Institute for Advanced Studies (CSIC-UIB), Mallorca, Spain, 2Oceans
Institute, University of Western Australia, Perth, Australia, 3Lund University, Lund,
Sweden, 4Spanish Oceanographic Institute, Gijón, Spain, 5Faculty of
Biosciences,Fisheries and Economics,University of Tromso, Tromso, Norway
Here we characterize plankton metabolism (gross primary production, respiration and net primary
production) in the Greenland-Sea- Svalbard sector of the Arctic. Plankton community metabolism
showed a strong seasonal signal, with very low respiration rates in the winter period, when primary
production is 0, and a strong pulse of primary production in the spring bloom, sufficient to balance
the metabolic budget at an annual time-scale. Respiration rates were strongly temperaturedependent, and a threshold of 5º C was defined, both experimentally and through the comparative
analysis of diverse communities, beyond which, Arctic plankton communities tend to act as CO2
sources. The response of net community production (NCP) of plankton communities in the Arctic
surface waters exposure to natural UVR conditions were asses. Our results shows that 80% of the
sampled communities suffer a net increase in NCP when exposed to natural UVR condition by, on
average, 42.6 % relative to values measured when UV radiation is excluded. Exposure to UV radiation
tends to shift communities towards net autotrophy, with the most autotrophic communities
responding the strongest to removal of UVR. This is likely explained by a strong inhibition of bacterial
respiration during the continuous day period of the Arctic summer.
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The annual routine of a predatory Arctic zooplankter in a
highly seasonal environment
Jordan Grigor1 ,2, Janne Søreide2, Øystein Varpe3 ,4
1
Takuvik Joint International Laboratory, U. Laval (Canada) & CNRS (France),
Département de Biologie, Université Laval, Québec, Canada, 2The University Centre in
Svalbard, Svalbard, Norway, 3Norwegian Polar Institute, Tromsø, Norway, 4Akvaplanniva, Tromsø, Norway
The predatory chaetognath Parasagitta elegans (var. arctica) comprises a substantial portion of the
Arctic mesozooplankton biomass, but few studies have focused on its life history adaptations and
ecological role. Here we report results of a year-long study of the ecology of P. elegans in a high-Arctic
fjord (Billefjorden, Svalbard - 78°N), with particular focus on its age structure, annual routine and
seasonal vertical distribution. An analysis of the monthly size-frequency distribution data revealed the
presence of three size cohorts throughout the year. The emergence of Cohort 0 took place in May,
when members of both Cohorts 1 and 2 frequently possessed seminal receptacles full of sperm. This
event coincided with the ice algal bloom and preceded the phytoplankton bloom by one month
(June). The smallest individuals (≤6mm) were captured from May to August, suggesting an extended
summer spawning period. In all three cohorts, the largest growth occurred from May to June. We
show that the omnivorous plankton such as the chaetognath P. elegans display a host of phenological
adaptations to survive, and maintain viable populations, in a highly seasonal environment.
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Ice algal biomass in the sediments - a food source in the midwinter ecosystem in high Arctic shelf areas
Else Nøst Hegseth1, Thomas Brown2
1
University of Tromsø, Tromsø, Norway, 2Plymouth University, Plymouth, UK
Sampling and experiments have shown that the pelagic diatoms forming the spring bloom in high
latitude shelf areas lay on the bottom as resting spores or resting cells during the long, dark winter.
The winter convection, when reaching the bottom, will bring them back into the water column where
they will germinate. This normally happens around the vernal equinox, so that the water masses in
winter are void of these algae. We wanted to find out if sea ice diatoms in an ice-covered fjord in the
high Arctic also survive on the bottom, or if they use the ice and/or water column as survival areas.
We also wanted to investigate if they can serve as a food source for animals in winter. During a cruise
to Rijpfjorden on northern Svalbard in January 2012 sea ice, water and sediments were sampled to
look for ice algae. Fish and invertebrates from the water column and bottom were sampled to analyze
for the ice diatom marker IP25. Results showed no ice diatoms in the water, while a few cells (100200 cells l-1) and spores were observed throughout the 60 cm thick fast ice. The sediment samples,
however, when grown in the lab produced lots of ice-related diatoms, included large colonies of
Nitzschia frigida, and others like Attheya septentrionalis, Navicula transistans, Pleurosigma sp.,
Entomoneis sp., in addition to pelagic species of the Thalassiosira and Chaetoceros genus. The lipid
IP25 was found in the all of the bottom-living animals tested, but hardly in any of the species living
mostly in the upper water column. The results confirm that the ice diatoms use the bottom sediments
as an over-wintering habitat, and that ice algal biomass from the previous spring/summer functions
as a food source for bottom-living and bottom-feeding animals during the following winter in high
Arctic shelf areas
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Seasonal transition in water masses and plankton from
Rijpfjorden in Svalbard to the Arctic Ocean
Haakon Hop1, Philipp Assmy1, Arild Sundfjord1, Malin Daase1, Anette Wold1, Svein
Kristiansen2, Vladimir Pavlov1, Jørgen Berge2, Stig Falk-Petersen1 ,2
1
Norwegian Polar Institute, Tromsø, Norway, 2Faculty of Biosciences, Fisheries and
Economics, University of Tromsø, Tromsø, Norway
The northern coast of Svalbard is lined with high-arctic fjords, such as Rijpfjorden (80oN 22o30'E) that
face the Arctic Ocean. The West Spitsbergen Current (WSC), which transports Atlantic water and heat
along Spitsbergen, bypasses these fjords along the shelf edge on route to the Nansen Basin. Even
though Rijpfjorden is a cold Arctic system during most of the year (January-July), transformed Atlantic
water is recorded in the fjord during late autumn. Models suggest that this area north of Svalbard will
become particularly affected by temperature increase because of increased advection of heat by the
WSC. This will also influence the position of the southern extent of the polar pack ice and its seasonal
retreat off the shelf. In this setting, it is of particular interest to study the transition of water masses
and plankton from fjord, via the shelf and shelf break into the deep Arctic Ocean. As part of the ICEproject (NPI) and Polar Night Cruise (Univ. Tromsø), we extended the established transect in
Rijpfjorden northwards to cross the Atlantic and Arctic water masses on the shelf and slope to 2500 m
depth. We here present preliminary results of nutrients, phytoplankton and zooplankton recorded in
relation to water masses on this transect. The seasonal variation in production due to changes in
radiation, melting and nutrients is large in the Arctic and we have addressed this in seasonal cruises
(2010-2012) to cover processes during spring (April-May 2011), summer (July-August 2012), autumn
(August-September 2010) and winter (January 2012). The seasonal patterns in nutrients and primary
producers involved a spring bloom dominated by diatoms in nutrient replete surface layer, and
summer to autumn post bloom situations with low nutrient and chlorophyll-a concentrations at the
surface and sub-surface chlorophyll maxima at 30-50 m depth. The seasonal composition of
zooplankton followed the development of blooms, with reproduction and naupliar stages of Calanus
other zooplankters during the spring-summer blooms. The boreal Calanus finmarchicus dominated
Atlantic water masses and was also abundant on the shelf, whereas Calanus glacialis, Pseudocalanus
spp. and other Arctic zooplankton species dominated the cold water masses in Rijpfjorden. Rapid
climate warming is expected to influence the rate of change in the marine ecosystem also on a season
basis as the ice covered part of the year shortens and open water with associated processes will
become a more dominant feature in the Arctic, particularly during summer and autumn.
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Pelagic primary production in a freshwater influenced subArctic fjord system - with a view to the past
Thomas Juul-Pedersen, Kristine Arendt, John Mortensen, Søren Rysgaard
Greenland Climate Research Centre, Nuuk, Greenland
Pelagic primary production varies greatly between Arctic regions. Seasonality in light and sea ice
conditions are considered key parameters controlling the onset of production, but they also
determine the length of the potential productive period. The level of primary production is generally
considered to be more dynamic, also depending on other parameters such as nutrients
concentrations and hydrographical conditions. Greenland is dominated area-wise by the Greenland
Ice Sheet, the second largest terrestrial ice body in the world. Greenlandic fjord systems often depict
a highly seasonal terrestrial freshwater input from glaciers and rivers, an input which is expected to
increase in a warming climate. Seasonal sea ice predominates in the mid and northern coastal
regions, while the coastal regions and fjords in southern Greenland (i.e. sub-Arctic) often show little
or no sea ice cover. Hence, other factors such as the amount of incoming light and water column
stability trigger the onset of phytoplankton production. This case study focuses on the Godthåbsfjord
system located in SW Greenland (64˚N). This fjord covers an area of c. 2013 km2 and has an average
depth of c. 250m (max. >600m) with an outer sill region. The ongoing monitoring program
MarineBasis (part of Greenland Ecosystem Monitoring) has monthly measured pelagic primary
production since 2005, along with a multitude of parameters on hydrography, benthos and higher
trophic levels. Historical data on primary production and plankton composition exists from the same
location from 1955-67. These time series, combined with intense research efforts in the area,
constitutes one of the most extensive marine datasets from the Arctic. This case study examines the
seasonality of primary production and the seasonal succession of parameters controlling primary
production in the area, particularly the influence of seasonal freshwater input from rivers and glacial
and local sea ice. Results also show an interannual stability of the system in terms of annual
production and resilience in the species composition of the local phytoplankton community. This case
study also compares the present day dataset (2005-11) with the historical data (1955-67) regarding
annual productivity and seasonality - a view to the past.
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Zooplankton communities are awake in winter: evidence from
the three Arctic seas
Ksenia Kosobokova1, Hans-Juergen Hirche2
1
Institute of Oceanology RAS, Moscow, Russia, 2Alfred-Wegener Institute for Polar
and Marine Research, Bremerhaven, Germany
According to traditional perception, the Arctic zooplankton spend the winter with little activity, using
up energy stored during the previous productive season. Our studies in the Barents, Kara and White
seas under typical winter hydrographic conditions in March and April 2001 and 2003 demonstrated,
however, that only predominantly herbivorous zooplankton species were in an inactive state during
mid and late winter in all the three studied seas. The opportunistic feeders, including abundant small
marine and brakish-water copepods Pseudocalanus spp., Drepanopus bungei, Oithona similis, were
reproducing actively (e.g., P. major, D. bungei and O. similis) or had commenced reproduction at
lower rates (e.g., P. minutus) despite extremely low phytoplankton concentrations. The listed species
made up a large fraction of the winter zooplankton abundance and biomass in the studied shelf
regions. Less numerous planktonic predators, such as chaetognaths Parasagitta elegans and
ctenophores have also demonstrated reproductive activity. A wide prey size spectrum from the
meroplanktic larvae of benthic animals (gastropoda and bivalvia, nudibranchians, bryozoans)
produced from parents' lipid reserves, the offspring of zooplankton omnivores, and the overwintering
stages of herbivores provided favorable conditions for adults and young specimens of these
predators. Our results demonstrate that although there are certain regional differences in faunistic
composition of zooplankton between the three studied seas, the zooplankton communities in all of
them are to a large extent "awake" at the end of the winter season and capable to exploit upcoming
phytoplankton blooms. Moreover, these communities seem to be well prepared in the future to
exploit earlier spring phytoplankton blooms in response to earlier ice melt.
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From polar night to midnight sun: Lipid composition and
feeding strategies of Arctic pelagic amphipods
Angelina Kraft1, Martin Graeve1, Dieter Janssen1, Stig Falk-Petersen2 ,3
1
Alfred Wegener Institute for Polar and Marine Research, Bremerhaven, Germany,
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Norwegian Polar Institute, Tromsø, Norway, 3Department of Arctic and Marine
Biology, Faculty of Biosciences, Fisheries and Economics, University of Tromsø,
Tromsø, Norway
Polar regions are characterized by a strong seasonality in primary production and thus by a distinct
fluctuation in food supply to higher tropical levels. In Arctic marine food webs, the pelagic amphipods
Themisto abyssorum and T. libellula represent important links between the herbivore zooplankton
community and higher trophic levels; but year-round observations on feeding strategies and lipid
storage are lacking. We investigate seasonal variations of lipid classes, fatty acids and gut content of
both amphipods collected during summer, fall and winter expeditions to the Fram Strait and Svalbard
archipelago (78° to 81°N). Results show a year-round dominance of storage lipids (particularly wax
esters and triacylglycerols) over phospholipids for T. abyssorum and T. libellula. High levels of the
Calanus markers 20:1 and 22:1 (both isomers) in all seasons indicated that both species are part of
the Calanus-based food web. Tracers of diatoms (16:1(n-7) and 20:5(n-3)), ice algae (16:4(n-1)) and
dinoflagellates (18:1(n-9), 22:6(n-3)) indicate that the lipid-based energy transfer could be traced back
to the respective algal sources. Metabolic demands of the investigated amphipods are sustained by
active dietary input (provided in winter mostly by diapausing calanoid copepods such as C.
finmarchicus) and the biochemical modification of internal reserves. We highlight that the lipid
reservoir of pelagic amphipods and their biochemical modifications seem to buffer seasonal
variations in available prey and serve as an effective adaptation to maintain an active, predatory lifestyle year-round in high Arctic waters.
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Arctic spring awakening - a pan-Arctic view on processes
controlling bottom ice algae blooms
Eva Leu1, Christopher John Mundy2, Thomas Juul-Pedersen3, Tove Gabrielsen4,
Michel Gosselin5
1
Alfred-Wegener-Institute, Bremerhaven, Germany, 2University of Manitoba,
Winnipeg, Manitoba, Canada, 3Greenland Institute of Natural Resources, Nuuk,
Greenland, 4The University Centre in Svalbard, Longyearbyen, Svalbard, Norway,
5
Université du Québec a Rimouski, Rimouski, Quebec, Canada
Extreme seasonal changes in light conditions are among the key characteristics of high Arctic
ecosystems with far-reaching implications for their potential to generate biomass via photosynthetic
primary production. As a result, Arctic marine ecosystems are usually characterized by a very short
productive period during spring/summer that provides the entire annual biomass production
available for higher trophic levels. Of particular importance is the bttom ice algae bloom, which
provides a pulse of primary production early in the season when no other significant food sources
exist in the marine ecosystem.
Solar angle, sea ice cover and snow thickness are the main factors that determine timing and
progression of the bottom ice algae bloom, while nutrient availability often affects the peak
magnitude (and nutritional quality) of algal blooms. In this work, we summarize a pan-Arctic dataset
of bottom ice algae biomass time series to describe latitudinal gradients in bloom development and
the processes that control these gradients. We conclude with a discussion of potential implications
for ecosystem structure and trophic fate of the produced biomass. The ongoing changes due to
climate warming lead to alterations of environmental conditions, and their consequences for Arctic
productivity are still heavily debated. By comparing pan-Arctic data on the seasonal development of
vernal bloom processes and different bloom scenarios, we try to identify the most important factors
determining the phenology of bottom ice algae during this important transitional phase in the Arctic.
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Gender-specific reproductive strategies in polar cod
(Boreogadus saida)
Jasmine Nahrgang1, Ekaterina Korshunova1 ,2, Svetlana Murzina3, Øystein Varpe2,
Jørgen Berge1 ,4
1
University of Tromsø, Tromsø, Norway, 2Akvaplan-niva, Tromsø, Norway, 3Institute
of Biology of the Karelian Research Centre, RAS, Petrozavodsk, Russia, 4University
Centre In Svalbard, Longyearbyen, Norway
Polar cod (Boreogadus saida) is considered an ecologically important species in the entire Arctic due
to its abundance, circumpolar distribution and central role in the marine food web. However, despite
being considered a key element of arctic marine ecosystems, our knowledge regarding life history
traits and reproductive strategies have remained highly incomplete and based predominantly of
captive fishes. Here, we report reproductive patterns and baselines from 1812 wild caught fish from
Svalbard, including gonad development and sex ratios related to age. This leads us to propose a new
conceptual model for the life history of polar cod. During the darkest winter months, both sexes build
up gonads before the spawning period in February-March. The study shows for the first time, based
on GSI and histological analysis of the gonads, that polar cod can reach sexual maturation at the age
of 1+. Furthermore, the percentage of maturing males is higher than females in the first 3 years,
suggesting a sex specific investment in gonad production. Finally, for fish aged 1 and 2 years, the sex
ratio is relatively even, but increases sharply to 100% females at the age of six and seven years. This
study first of all documents a hitherto unknown sex-specific life history of polar cod. We discuss the
possible adaptive value of this strategy and the need to consider the winter ecology of polar cod
when investigating the interactions between climate change and productivity.
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Changes in Arctic Sea Ice Result in Increasing Light
Transmission
Marcel Nicolaus1, Christian Katlein1, James Maslanik2, Stefan Hendricks1
1
Alfred Wegener Institute, Bremerhaven, Germany, 2University of Colorado, Boulder,
USA
During the last decade, a change towards a smaller, younger (more seasonal), and thinner sea-ice
cover in the Arctic has been observed. One consequence of this is that the surface energy budget of
the Arctic Ocean is changing. Another, most challenging, question in Arctic marine ecology is how
primary productivity will change due to changing sea ice covers. This question is highly related to the
availability of light (and nutrients), the main energy source for primary productivity, the basis of all
life in the ice covered Arctic Ocean. Also the horizontal and vertical distributions of light play a key
role for geo-chemical processes, e.g. photo-oxidization. Despite this interdisciplinary interest in light
(energy) transmission through sea ice, no large-scale estimate of light penetration through sea ice is
available. As a result, all (ecosystem) models are based on rough guesses based on few spot
measurements.
Here we present the first large-scale under-ice light measurements, operating spectral radiometers
on a remotely operated vehicle (ROV) under Arctic sea ice in summer. These measurements have
been performed during two cruises with the German ice breaker Polarstern into the Central Arctic in
2011 and 2012. The resulting data set allows detailed insights into light distribution under different
types of sea ice during summer melt and autumn freeze-up. It was possible to produce an Arctic-wide
map of light distribution under summer sea ice. Our results show that transmittance through firstyear ice (FYI) was almost three times larger than through multi-year ice (MYI), and that this is mostly
caused by the larger melt-pond coverage of FYI. Thus, a continuation of the observed sea-ice changes
will increase the amount of light penetrating into the Arctic Ocean, enhancing sea-ice melt and
affecting sea-ice and upper-ocean ecosystems.
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Spatial distribution of secondary benthic invertebrate
production in a north Norwegian fjord system
Marianne Nilsen1, Torstein Pedersen2, Einar Magnus Nilssen2
1
International Research Institute of Stavanger, Randaberg, Norway, 2Faculty of
Biosciences, Fisheries and Economics, University of Tromsø, Tromsø, Norway

In line with principles of ecosystem based approach, ecosystem models are used as tools in marine
management and conservation. For models aiming to quantify energy flows through ecosystems,
production and productivity data are needed. Marine benthic invertebrates represent links in energy
flow from primary producers to higher trophic levels, as well as in recycling of sedimentary organic
material. Due to missing data, benthic invertebrates are often treated as single or few "bulk" groups
in ecosystem models and this may hide important patterns for energy flow. An empirical model,
based on correlations between secondary production and population features such as body size,
living mode and taxon, in combination with temperature and depth, was used to estimate benthic
productivity (P/B) and production in the North Norwegian Ullsfjord-Sørfjord system. This allows
comparison between two systems closely coupled in geography, where a "map view" gives the
impression that for the modelling and larger scale comparisons the extrapolation of data between the
fjords is acceptable. However, different properties of the fjords affect their respective benthic
communities. Ullsfjord represents the deeper outer part, with water-masses resembling the coastal
current. A shallow sill separates it from Sørfjord, which is colder, shallower and more enclosed.
Average production of the benthic fauna of Ullsfjord (from 2004) and Sørfjord (from 1999) was 118
-2 -1
-2 -1
and 185 kJ m yr , corresponding to a wet weight (WW) production of 89 and 78 g m yr ,
-1
respectively. The community P/B ratio of Ullsfjord (0.69 y ) is 1.6 times that of Sørfjord (0.42 y-1),
whereas the biomass in Ullsfjord is much lower than in Sørfjord (172 kJ m-2 vs 441 kJ m-2). In Ullsfjord,
the same stations were revisited in 2009. Using the same taxon specific P/B ratios as for 2004, WW
production was estimated to 59 g m-2yr-1, which is 24% lower than 2009, based on a total biomass of
54 g WW. With P/B ratios closely linked to temperature, taxon and body size, relevant data have to be
used for modeling purposes and caution should be taken when ratios are adopted from other
systems. Biomass should be measured directly in the system of interest and, if possible, also for the
time period in question. The benthic data have been included in ecosystem models for the Ullsfjord
and Sørfjord systems using Ecopath. In a changing Arctic, community composition and temperature
are likely to change and these models may aid in predicting ecosystem level effects.
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The effect of Arctic produced water on the fitness of Mytilus
edulis: the potential for the use of growth and particle
retention efficiency as real-time monitoring endpoints.
Kirsten J. Redmond1 ,3, Steinar Sanni2 ,1, Mark Berry3, Odd Ketil Andersen3
1
University of Stavanger, Stavanger, Norway, 2International Research Institute of
Stavanger, Stavanger, Norway, 3BiotaTools AS, Stavanger, Norway
Environmental pollutants are intrinsically linked to water, both in the way their physiochemical
properties alter their interactions, and because, after discharge and transport, they ultimately end up
in the giant sink that is the ocean. The Arctic is under increasing pressure from human activities,
generating pollutants. It is necessary to focus on protecting the environment and developing early
warning systems for discharged chemicals.
A huge focus has been placed on learning about sub-organismal biomarkers – small changes in the
physiology of individuals which are considered early-warning signals of a harmful effect. Or on the
development of whole-organism tools to monitor the heart rate and valve gape of bivalves. But how
much do these tools tell us about the consequences of pollution for an individual? For a population?
For a community? For an ecosystem?
Two biosensors for measuring growth and energy turnover are currently under development. These
methods will provide real-time in situ information on the physiological health of individuals using an
easily interpretable parameter set that can be related to population level effects. In order to best
optimise the use of such technology, we require information about the sensitivity of different sized
individuals exposed to environmental pollution.
An experiment on the effect of produced water (synthetic using Arctic crude oil) on individual blue
mussel (Mytilus edulis) was carried out in the autumn of 2012. Growth rate in length, measured by
callipers and by the laser diffraction method described by Strömgren (1975), and the ability to retain
particles, were measured on different sized mussels exposed to 0.06 mg L-1 and 0.750 mg L-1
produced water. Mussel growth and particle retention efficiency responses were compared to the
commonly implemented biomarker lysosome membrane stability, measured by neutral red retention
time.
The results of these experiments will be presented and the implications for real-time environmental
monitoring with fitness parameters discussed.

111

Arctic Frontiers 2013 – Oral presentations: Part III

Early Career
Trophic state alone does not explain biomass partitioning in
marine planktonic communities: The importance of
zooplankton life-span and advection in Arctic marine
ecosystems
Lena Seuthe
University of Tromsø, Tromsø, Norway
The ratio of heterotrophic (bacteria + protozoa + metazooplankton) biomass to total autotrophic
biomass (HB : AB ratio) declines globally along gradients of phytoplankton biomass and primary
production (Gasol et al. 1997, Limnol. Oceanogr. 42). In accordance with this global trend, a metaanalysis of published Arctic plankton data (235 HB : AB ratios) demonstrates that the HB : AB biomass
partitioning differs between low (<50 g C m-2 yr-1) and higher (>50 g C m-2 yr-1) productive Arctic areas.
However, the average HB : AB ratios of 4.45±0.97 and 3.54±0.67 for low and higher productive Arctic
areas, respectively, are substantially higher than those reported from lower latitudes of comparable
productivity. For a given autotrophic biomass, Arctic plankton communities seem to sustain a similar
high heterotrophic biomass as those of oligotrophic open ocean areas. In contrast to the latter the
high Arctic heterotrophic plankton biomass appears not to be a result of autochthonous production,
but to a large extent due to advection of long-lived, large calanoid copepods from more productive
sub-Arctic seas. Possible consequences of the allochthonous metazooplankton biomass for the cycling
of nutrients and carbon in Arctic plankton communities will be discussed.
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Trophic structures and carbon flows in Arctic and Atlantic
waters around Svalbard revealed by stable isotopic and fatty
acid tracers
Janne E. Søreide1, Michael L. Carroll2, Haakon Hop3, William G. Ambrose Jr.4, Else N.
Hegseth5, Stig Falk-Petersen3 ,5
1
The University Centre in Svalbard, Longyearbyen, Norway, 2Akvaplan-niva, Tromsø,
Norway, 3Norwegian Polar Institute, Tromsø, Norway, 4Bates College, Maine, USA,
5
University of Tromsø, Tromsø, Norway
Stable isotope and fatty acid trophic markers (FATMs) were used to assess carbon flow and trophic
structures of sympagic, pelagic and benthic communities in high-Arctic Svalbard. Three regions were
sampled: Northwest Svalbard - dominated by Atlantic water (AtW) and limited seasonal sea ice,
Northern Svalbard - dominated by AtW and perennial sea ice, and Northeast Svalbard - dominated by
Arctic water (ArW) and extensive seasonal sea ice.
Three to four trophic levels (TL) were found in the three habitats with a dominance of omnivores (TL =
2.4 to 2.7). Ice fauna relied on phytoplankton and ice algae, zooplankton primarily on phytoplankton,
while benthos relied on ice algae/refractory material. Ice fauna (mean 39%; range 17% to 62%) and
benthos (mean 25%; range 11% to 65%) had high proportions of diatom-FATMs, while zooplankton
had equally high diatom- and Phaeocystis/dinoflagellate-FATMs (mean 11% and 15%, respectively).
Calanus-FATMs were prominent in carnivorous ice fauna (up to 28%) and zooplankton (up to 38%),
but also in benthic invertebrates (up to 41%). Ice fauna biomass was low. Biomass of zooplankton
2
and benthic infauna were variable, but positively correlated to each other (r =0.89; p<0.01) and
2
sedimentary pigment concentrations (r >0.40; p<0.05). The coinciding peak biomasses of zooplankton
and benthos in Northeast Svalbard can be explained by allochthonous organic matter of ice algal
origin and highly specialized Arctic zooplankton utilizing both ice algae and phytoplankton carbon
sources.
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Spatial distribution of macrozoobenthic production on the
northern Norwegian shelf
Anne Helene S. Tandberg1, Jennifer Dannheim2, Henning Jensen3, Margaret Dolan3,
Valerie Bellec3, Pål Buhl-Mortensen4, Børge Holte1
1
Institute of Marine Research, Tromsø, Norway, 2Alfred Wegenes Institute for Polar
and Marine Reseach, Bremerhaven, Germany, 3Geological Survey of Norway,
Trondheim, Norway, 4Institute of Marine Research, Bergen, Norway
Benthic marie systems of the Norwegian shelf belong to the most diverse cold water systems on
marine shelves. At the same time these systems experience strong anthropogenic impacts and
provide significant services and goods, which calls for a sustainable management based on an
ecosystem approach. The MAREANO project (Marine AREA database for NOrwegian coasts and sea
areas) aims at addressing the knowledge gaps on the seabed and environment as the base for a
sustainable management. Therefore, large parts of the northern Norwegian shelf have been
intensively studied with multibeam echosounder, providing detailed bathymetry data for terrain
analysis and backscatter data, which aids sediment interpretation. The area has also been sampled by
different biological gears (video, beam trawl, grab, epibenthic sled) to investigate benthic habitat
distribution. Species diversity, abundance and biomass have been determined, and secondary
production and productivity of macrozoobenthic organisms modeled.
Here, we present results from data covering an area of 48 000 km2 of the Norwegian continental
margin between the Lofoten islands and North Cape and from the Norwegian and Barents Sea. The
study area stretches from banks on the shelf (80 m depth) to the deep-sea plains (2750 m), and has
been samples with 101 stations during seven cruises from 2006-2009. This dataset is unique in spatial
coverage as it presents for the first time large-scale macrozoobenthic production on the Norwegian
continental shelf.
We will present spatial distribution of the macrozoobenthic production and productivity, together
with an introductory analysis of the connections between different benthic biological characteristics
(taxonomic, functional groups) and sediment as well as terrain parameters for benthic landscapes
that have been defined for the same area using video analyses. For the first time, the outcomes will
allow to estimate large-scale benthic production and productivity and therefore to evaluate high and
low productive benthic regions on the Norwegian shelf.
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The diet of a polar-night fish community: feeding in darkness?
Øystein Varpe1 ,2, Eike Stübner2, Jasmine Nahrgang3, Clare Webster4, Paul E Renaud1
,2
, Stig Falk-Petersen5 ,3, Jørgen Berge3 ,1
1
Akvaplan-niva, Tromsø, Norway, 2University Centre in Svalbard, Longyearbyen,
Norway, 3University of Tromsø, Tromsø, Norway, 4University of St Andrews, St
Andrews, UK, 5Norwegian Polar Institute, Tromsø, Norway
Fish are abundant predators of marine ecosystems and known to have significant roles in structuring
both pelagic and benthic communities. Many fish species are also presumed to be visually searching
predators, and the extreme light regime of the Arctic may thus be a challenge in the winter and an
opportunity during summer, with consequences for their potential to impact prey communities. Are
fish feeding during the polar night when light, at least to the human eye, is negligible? Here we report
from a January study of four fish species coexisting north of Svalbard (80 degrees north), three of the
species being at the northern extremes of their distributions. Given that fish are visually searching
predators, we expected little or no food in their stomachs. And if alternative prey searches occurred
(e.g. tactile or olfactory), we expected benthic food to be most common, and that fish distributed
near the bottom should contain more food than fish caught higher in the water column. We found
that a large proportion of fish caught in pelagic and benthic trawls had empty stomachs, but some
individuals had moderately filled stomachs, showing that food intake did occur. Haddock had higher
food intake (smallest proportion of empty stomachs) than either polar cod or Atlantic cod, and a
predominantly benthic diet. For herring, a strictly pelagic species, the proportion of empty stomachs
was larger than for the three others. We discuss these findings in relation to polar night ecology, the
structure and production of the pelagic community and the northern limits of fish distributions.
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Fate of the Arctic spring bloom: Impact of microzooplankton,
mesozooplankton and diel vertical migrations.
Clare Webster1, Teresa Silva2, Ana Sofia Ferreira3, Ingrid Wiedmann4, Julie
Sainmont3, Thomas Juul-Pedersen5, Torkel Nielsen3, Øystein Varpe6, Andrew
Brierley1
1
University of St Andrews, St Andrews, Fife, UK, 2Marine Research Institute, Reykjavík,
Iceland, 3National Institute of Aquatic Resources, Copenhagen, Denmark, 4University
of Tromsø, Tromsø, Norway, 5Greenland Institue of Natural Resources, Nuuk,
Greenland, 6Akvaplan-niva, Tromsø, Norway
The fate of carbon was investigated in Disko Bay, western Greenland at the peak of bloom
development in April to May 2012. The multidisciplinary study included measurements of
hydrography, inorganic nutrient concentration, primary production, microzooplankton biomass and
grazing, copepod biomass, grazing, respiration, and egg and faecal pellet production rates, sediment
traps, and in situ observations of mesozooplankton diel vertical migration. Nanoflagellates, small
dinoflagellates (< 20 µm) and Calanus spp. numerically dominated the phytoplankton,
microzooplankton and mesozooplankton communities, respectively. Total sinking particulate organic
carbon (POC) was, on average, 1098 mg C m-2 d-1. The fraction contributed by phytoplankton
production was 64 % with 20 % contributed by zooplankton faecal pellet production and the
remaining 16 % as amorphous detritus. Both microzooplankton and Calanus spp. grazing affected
phytoplankton abundance during the bloom. Active carbon transport was evident with significantly
higher biomass of Calanus spp. copepods in the top 50 m during night. The consequences for the
strength of the biological carbon pump are discussed.
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Human Capital and State-Building in the North Atlantic: the
Importance of Domestic and Foreign Education and Brain
Circulation in Iceland, Faroe Islands and Greenland
Rasmus Gjedssø Bertelsen, Stine Bylin Bundgaard, Søren Jørgensen
Aalborg University, Aalborg, Denmark
The Arctic is characterized by micro or small states, proto-states and societies. All these societies,
therefore, have very limited absolute capabilities. They are of differing levels of development, so their
relative capabilities are of widely differing nature. This paper looks at the cases of Iceland, the Faroe
Islands and Greenland. Iceland is an example of a socio-economically (except the recent financial
crisis) very successful Arctic micro state indicated by its very high level of human development. The
Faroe Islands and Greenland are overseas autonomies of the Kingdom of Denmark and on the
trajectory to ever expanding self-government.
The method of this study is longitudinal structured focused comparison between Iceland, the Faroe
Islands and Greenland since the onset of Icelandic independence politics in late 1800s. This
comparison will look at how these societies historically and currently have faced the challenges of
their very limited absolute capabilities in terms of very small organizations with very limited
possibilities for internal specialization and very limited financial (tax) bases. This comparison will also
look at how currently changes such as globalization and climate change are faced by these micro
societies. Finally the comparison will also look into the future of how these micro societies can face
accelerating and deepening globalization, regional integration (such as EU membership for Iceland)
and climate change with increasing energy exploration and transportation.
The longitudinal structured, focused comparison of Iceland, the Faroe Islands and Greenland, shows
the centrality of domestic and foreign education and brain circulation for the self-rule or
independence and socio-economic and human development of Arctic micro states. The long and
successful case of Iceland shows the importance of historically domestic primary and secondary
education coupled with tertiary education abroad and brain circulation and later domestic higher
education for creating the human capital for political independence and socio-economic and human
development. These lessons are repeated for the Faroe Islands and Greenland, where the advanced
state for the Faroe Islands and less advanced state for Greenland highlights the importance of
domestic and foreign education and brain circulation for the self-government and socio-economic
and human development of Arctic micro states.
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Intercultural networks - learning, knowledge sharing and
brain circulation in the Arctic
Stine Bylin Bundgaard
Aalborg University, Aalborg, Denmark
Low population and small societies characterizes most of the areas in the Arctic. This factor can be
decisive, when it comes to capacity building and to the global focus on the Arctic that has increased
over the last number of years. This research is looking at the challenges mentioned in a Greenlandic
setting. Cooperation between countries can be seen as a way of approaching difficulties on volume of
local companies or institutions. Participation in intercultural cooperation can contribute with
additional knowledge and skills so unreachable projects can become a reality. A way of organizing
cooperation like this is by participating in intercultural network organisations in which the members
can share knowledge and let knowledge emerge into project or specific cooperation and mobility.
This study will analyse how intercultural business and educational network between countries can
contribute to capacity building. Greenland is standing at the middle of a national changing process,
which involves nation and capacity building in order to develop an independent country. It is central
to e.g. strengthen the educational fundament of youngsters who are going to be the future of the
country, and highlight the importance of students going abroad to support brain circulation and the
human development. By studying a specific network between Greenlandic and Danish companies and
educational institutions, the potentials of network collaboration will be discussed related to this
specific case and to the aspect of how brain circulation can be implemented in practise. Looking at
similar countries as Iceland shows the benefit from rethinking the educational structure to have
domestic as well as foreign aspects. Studies show that Iceland also has a great history of students
returning to the country after ended education.
By strengthening educational completion in the Greenlandic society, companies will stand stronger in
the global marked. In this specific case the synergy between educational institutions and companies
can contribute to support the educational context as well as secure to working possibilities within the
country afterwards.
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Policing the Arctic: Keeping Law and Order in the Face of
Major Economic Development
Alex Calvo1, John P. Sullivan2
1
European University, Barcelona, Catalonia, Spain, 2Center for Advanced Studies on
Terrorism, Los Angeles, California, USA
Technological and climate change, together with high energy and commodity prices and the need to
diversify some major sea lines of communication (SLOCs), are quickly transforming the Arctic's human
and economic landscape.
Together with conventional security and defence challenges, brought about by, for example,
territorial conflicts and differing interpretations of the law of the sea, these changes require an
examination of future police needs. In particular, it is necessary to analyze how the influx of workers
may give rise to social conflict, both within these groups and between them and the existing
population, as well as how the additional pressure on the environment may be at least partly
compensated through the implementation of conservationist legislation and a comprehensive
policing model.
This is linked to a number of issues, to be examined in our paper. First of all the role of local
communities in policing. Some already provide for their own security, be it formally or more
informally, and it is likely that, faced with the arrival of relatively large number of foreigners, they
may want to make sure they acquire or retain the power of keeping law and order in their territory.
This is of course linked to the debate on the appropriate degree of home rule by the native Arctic
peoples, and their right to self-determination. More generally, it illustrates the challenges of policing
multi-ethnic and multi-cultural societies.
Local, provincial (regional), and national police forces may also play a role in defence, as they did in
some Arctic regions, including Alaska and Greenland, during the Second World War. This may be
particularly attractive in the face of possible seaborne swarm attacks. Overall, it illustrates the
growing blurring of the line between security and defence, and police and the military. The Arctic,
being a relatively "new" (despite historical precedents such as those cited above) area, may facilitate
the overcoming of institutional barriers to such collaboration. The interface between policing and
political perspectives will also be discussed.
Cross-border police cooperation is another issue to be analyzed, since as resource exploitation and
population movement intensify, it is likely to become more necessary. Transnational policing
consideration for addressing transnational crime and related issues such as illicit resource extraction,
piracy, and smuggling will also be explored.
Finally, a section will be devoted to environmental policing. This will cover not only extractive
industries, but also tourism, including cruising.
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Space for Arctic security and safety: an EU maritime agenda
item for future
Claudia Cinelli
University of Pisa, Pisa, Italy
The ‘Lisbon Treaty' has given the EU new competences on space in order to draw up the European
Space Policy. On 6th June 2012, the EU lunched the multilateral diplomatic process to discuss and
negotiate its initiative for an International Code of Conduct for Outer Space Activities with a view to
adopt the Code in 2013. On the other hand, after only twenty days, the European Commission and
the EU High Representative for Foreign Affairs and Security Policy adopted, inter alia, the working
document, Space and the Arctic, which accompanied the Joint Communication, Developing a
European Union Policy towards the Arctic Region: progress since 2008 and next steps [JOIN (2012) 19
final].
As far as the working document Space and the Arctic is concerned, it ‘can contribute to discussions
within the Arctic Council and amongst coastal States whose prerogatives are recognized by
international law as to how best to ensure that the Arctic environment remains protected and that
those living and working in the Arctic can cope with inevitable future changes' [at 23].
It is against this background of the current EU awareness of developing an European Space Policy on
one hand, and an European Arctic Policy on the other hand, that this proposal aims to highlight the
need to adopt common guidelines and best practices to improve Arctic safety and security by making
further use of satellite-based geo-information products to monitor operations in the fields of oil and
gas, shipping and tourism. Indeed, the European Space Agency can contribute to meeting EU
objectives for developing a European Union Policy towards the Arctic Region.
Space for Arctic safety and security might be an item for future of the EU Arctic maritime agenda,
while developing an EU space cooperation on the Arctic Ocean with, and within, different
international entities: European Space Agency and the International Maritime Organization -including
the potential for Arctic Council and its implication within a space circumpolar cooperation- and/or
third countries.
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Civil society legitimacy in the Arctic context: a normative
framework for assessing the legitimacy of Greenpeace and the
WWF
Evelyne De Boeck
Stockholm University, Stockholm, Sweden
Environmental non-governmental organizations have come to the forefront of international politics in
the last decades and increasingly started participating in international conferences. They are
becoming more important actors in the international arena alongside of states. The paper focuses on
the Arctic Council as a source of legitimacy for these organizations. The main point defended is that
when an organization shares the norms of the Council, it is more likely to be included in the
governance setting, thereby becoming a justifiable, accepted or legitimate actor. This was the case for
the WWF for instance, who was granted the observer status, thus being confirmed as a legitimate
organization. Bringing together the key stakeholders in the region (various indigenous peoples
organizations and the eight Arctic states), the Arctic Council is a crucial junction where the various
interests meet, therefore creating common ground among these stakeholders. The question of civil
society legitimacy is relevant, not only for the organizations themselves but for the legitimacy of
global governance arrangements in general. It becomes even more interesting in a context where
geopolitical tensions can have worldwide consequences and governance institutions are relatively
new and still under development. An organization that is justifiable through the norms embraced by
the Council can therefore be a legitimate actor in view of the other key stakeholders and contribute
to a stable future for the Arctic.
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Why Southeast Asian Interest? New Arctic Shipping Routes
and Some Implications for Southeast Asian Economies
Melissa Freitag
The Fletcher School of Law and Diplomacy, Tufts University, Medford, MA, USA
Recently, Arctic shipping lanes have become more accessible, with the Northeast Passage hosting
thirty-four vessel transits in 2011 and the fabled Northwest Passage allowing rare traversal. These
new northernmost sea routes may affect the economies of states along current high-traffic routes,
and recently have attracted much global attention. Additionally, with presumed vast mineral resource
wealth and abundant fisheries, the Arctic Ocean region finds itself possessing great intrinsic value in
the early twenty-first century.
This paper will examine historical shifts in the economies of major Southeast Asian ports with the
advent of new shipping routes, and then suggest possible economic impact of these new Arctic
shipping routes. China's formal expression of interest in the Arctic and recent application to the Arctic
Council for Permanent Observer status appears to have triggered the applications of other non-Arctic,
Asian states to the Council, including equatorial Singapore. Is Southeast Asian interest founded in
geo-politic realities, in something beyond competition with neighbors?
The Straits of Malacca form a vital shipping route, connecting the South China Sea with the Indian
Ocean, and link two of the largest markets on earth, China and India. They also give Asia access to
distant European markets via the Suez Canal. Over 70,000 vessels transit the Straits each year, with
nearly 50% of global oil shipments passing through them annually. The increased usage of the
Northeast Passage will afford China alternate routes, and may alter uses of the Malaccan Straits and
the port of Singapore. Putting sea route openings into historical context, we can better see how new
routes may change pre-established ones.
This talk will address the following questions: How will the coming opening of the Arctic's Northeast
and Northwest Passages affect current Southeast Asian maritime traffic? Furthermore, do the coming
environmental and commercial changes in the Arctic, and elsewhere, warrant the Southeast Asian
states being recognized as stakeholders in Arctic affairs and thus becoming Permanent Observers of
the Arctic Council? What are the interests of ASEAN states in the Arctic?
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The role and potential of the Arctic Council in Arctic marine
shipping governance
Piotr Graczyk
University of Tromsø, Tromsø, Norway
By carrying out and releasing the Arctic Marine Shipping Assessment (AMSA), and particularly, by
developing and signing the first legally-binding agreement on search and rescue in the Arctic (one of
the AMSA recommendations), the Arctic Council (AC) has assumed a more ambitious role in Arctic
shipping governance than hitherto played. It can be reasoned that the Council ipso facto has
established its position as one of the most important international forums for discussing
developments in regional marine transport and a significant actor in this regard.
Arctic states declare their commitment to the Arctic Council’s assessments and recommendations in
their officially stated Arctic policies. An important practical indicator of their factual relation to the
Council’s recommendations is their performance in follow-up activities. Vertically, AMSA
recommendations' implementation is carried out at national, Arctic regional and international levels.
In a horizontal perspective the recommendations are followed up upon in the Arctic Council and
others are consigned to appropriate international institutions, such as the International Maritime
Organization (IMO). Within the Council itself, follow-up takes place primarily in the PAME working
group. It is a standard part of the PAME agenda to monitor implementation of AMSA
recommendations and report it to the Arctic Council Ministers.
Based on a study of AMSA follow-up process the presentation aims at examining the role of the AC in
regulating and governing shipping activities in the Arctic and assessing its potential, as a soft law
body, for enhancing Arctic state's performance in this field. In a three-step analysis the paper will
address relevant functions of the Council and measures at its disposal applicable to Arctic shipping.
Firstly, it will briefly summarize relevant work of the Arctic Council such as already undertaken
initiatives and launched processes. Secondly, it will identify areas in which the AC may have impact on
regulations on both national and international levels. Thirdly, prospects for an interplay with other
institutions and instruments will be discussed. In conclusion, it attempts to characterize the actual
role of the Arctic Council in governing regional shipping and, accordingly, its ability to influence Arctic
states' actions in other issue areas in the region.
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The Future of Arctic Shipping along the Transpolar Sea Route
Malte Humpert1, Andreas Raspotnik1 ,2
1
The Arctic Institute, Washington, DC, USA, 2University of Köln/ EXACT Marie Curie
ITN Research Fellow, Köln, Germany
Arctic sea ice is melting rapidly, and within the next decade polar warming may transform the region
from an inaccessible frozen desert into a seasonally navigable ocean. The debate over Arctic shipping
routes routinely revolves around the Northwest Passage (NWP) and the Northern Sea Route (NSR),
but neglects to make mention of the Transpolar Sea Route (TSR). In the 20th century the use of Polar
routes revolutionized international air travel. In similar fashion, the TSR bears the potential to
transform the international commercial shipping industry in the 21st century. The authors will discuss
the potential of the TSR as a future corridor of commercial shipping and conduct a comprehensive
analysis of the climatic, legal, economic, and geopolitical context. The paper will examine the
feasibility of the TSR with respect to the continued decline of Arctic sea ice and analyze the economic
potential of the route and its compatibility with existing trade patterns. The authors will also discuss
the TSR’s special status as the only Arctic shipping route outside of national territorial jurisdiction.
Special emphasis will be given to China’s emerging interest in Arctic shipping and its growing
economic relationship with Iceland, which stands to gain massively if it were to develop into a
transpolar shipping hub. The opening and future development of Arctic shipping routes will not only
depend on favorable climatic conditions across the Arctic Ocean, but will also be influenced by a shift
in economic and political spheres of influence. The development of the TSR and its significant
economic potential may thus in part be determined by key geostrategic considerations as the center
of economic and political power continues to shift towards Asia.
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From ‘Great Wall’ to ‘Great White North’: Explaining China’s
politics in the Arctic
Malte Humpert1, Andreas Raspotnik1 ,2
1
The Arctic Institute, Washington, DC, USA, 2University of Köln/EXACT Marie Curie ITN
Research Fellow, Köln, Germany
Over the past decade, the Arctic has moved into the focus of world politics. As Arctic sea ice melts at a
rapid rate, regional and international actors are strengthening their local involvement, thus further
focusing international attention on the region. External Arctic actors, primarily the European Union
and the People’s Republic of China, but potentially also India and South Korea, aim to profit from the
region’s various prospects. This paper will examine China’s future role in the region. The authors will
argue that against prevailing perceptions, geoeconomics only plays a subordinate role in China’s
Arctic endeavor. While the region may hold significant economic potential, China’s global economic
‘line-up’ indicates that the country’s immediate economic future is not necessarily located in the
Arctic. Hence, China’s Arctic intentions are better understood as a long-term – and not yet even
publicly outlined – regional geostrategy, determined to strengthen China’s status as an emerging
global power. The driving force of China’s interest in the region can thus be found in geopolitical
considerations, including enhancing its ability to exert influence in the Arctic through regional
strategic partnerships. China’s recent political and economic efforts in the region indicate that China
regards partnerships with smaller Arctic states as not only key to gaining influence in the Arctic, but
also to enhancing its standing and role internationally. Furthermore, China’s interest in gaining
Permanent Observer Status to the Arctic Council is an essential part of this regional strategy. It
illustrates China’s major concern of being excluded from future Arctic governance, unable to
influence regional agenda-setting and development. China’s geostrategy is not only about the use of
financial means and economic strength, but is fundamentally about playing a role in the Arctic’s
decision-making process as a further political attempt to exert its influence globally.
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Migration out of Greenland and how foreign education
complicates a return
Søren Jørgensen
Aalborg University, Aalborg, Denmark
In the presented study it is discussed how specific processes of migration affects subjective
identification and experience of belonging.
Every year an increasing number of native Inuit's in Greenland travel abroad, mainly to Scandinavia
and USA and Canada, to enroll in higher educational systems. Politicians, elder generations and the
general public of Greenland consider this migration vital for a prosperous and sustainable
development in Greenland. The rationale is that education creates a stronger potential for the
Greenlandic society to cope with foreign industries operating in Greenland with great economic
interests. The possible outcome is perceived as manifold and not limited to a potential increase in
national wealth - the inclusion of Greenland in a comprehensive world market of oil and raw
materials will provide Greenland with a mandate to claim even greater independence from Denmark
and equality with the other countries surrounding the Arctic.
But enthusiasm is turned into disappointment and a public feel of loss, when migrating Inuit's don't
return to Greenland and contribute with their acquired highly valuable qualifications.
It has been argued that migration is a one way trip - there is no going back. In the case of Inuit's
originating from Greenland a return is far from never happening or impossible, but the return
migration is complicated by a variety of macro and micro level circumstances in both Greenland and
the receiving country. Ethnographic details demonstrate how these different circumstances influence
individual choices, actions and strategies.
A mapping of social and cultural relations is one of the basic outsets for the study. This research
shows that migrated Inuit's relate to fellow students in a local arena, but on an international level, to
other migrated Inuit students on a regional level and on a national level to family and friends living in
Greenland. Analyses of practices pertaining to each network give evidence to differing and often
conflicting kinds of discursive representation of belonging and identification. It is argued that while
representations of Inuit ethnicity in Greenlandic networks are predominantly conservative and
essentialist, offering only limited space for deviant identification, international networking through
education abroad enables Inuit's to represent themselves in alternative ways, in accordance with
individual strategies.
The poster schematizes the different networks and gives an overview of the different individual
movements in and out of them.
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Russian Policy in the Arctic: strategic importance, ambitious
plans and domestic constraints
Ekaterina Klimenko
SIPRI, Stockholm, Sweden
For the last five years Russia has significantly increased its activity in the Arctic region. Planting the
Russian flag on the Sea Bed under the North Pole in 2007 was just the beginning of the Russian
“return” to the Arctic. The adoption of the Fundamentals of the Russian Policy in the Arctic till 2020
has further spurred the development of the Russian Arctic. The Russian government declared very
ambitious plans of developing the Arctic shelf resources, turning the Northern Sea Route into the
main transport artery of the world, and strengthening the security on its Arctic territories by forming
the Arctic brigades and reinforcing the Northern Fleet. However, the past five years has shown little
implementation of these projects. The drilling on the Arctic shelf has been delayed for an unidentified
period. The establishment of the Arctic brigades has also been postponed, while the rearmaments
programme for the Northern Fleet has been heavily criticized by the expert community. The increase
of shipping along the Northern Sea Route is mostly related to the domestic shipping not the transit as
it was expected. This paper aims to understand the major challenges faced by the Russian Federation
in fulfilling its Arctic ambitions in reality. In particular, it will focus on the problem points of the
Russian political and military systems which hinder the implementation of its plans in the Arctic.
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Access to Reproductive Health Services in Northern Canada
Communities: The Role of Midwifery in Future Policy DecisionMaking
Rachel Kohut
Memorial University, St. John's, Newfoundland, Canada
Access to reproductive health services in rural parts of Canada has been a constant challenge in
health care policy and service delivery. That being said, access to services, particularly in the North,
remains evermore prominent due to the unique geographical, political, social and cultural
complexities that have unfolded. With limited up-to-date surveillance, the need to fill in these gaps to
address how to increase accessibility of maternal health services in the remote, Northern parts of
Canada could not be greater. To gain a better understanding of the direction in which to move
forward in future policy discussions, the impact of current economic and political centralization must
be taken into account. The role of midwifery in addressing decentralization, to not only make
maternal health services more accessible, but also provide care that is culturally appropriate to the
Northern Aboriginal population, should not be underestimated. Moreover, the political differences
between provinces and territories in addressing the issue of reproductive health should not be
overlooked. Moving forward, Canada must now learn to collaborate with its’ circumpolar neighbours
for lessons learned on how to improve maternal health in their Northern communities through the
incorporation of midwifery to decentralize the delivery of maternal health care.
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War or peace in the Arctic region?
Anastasia Kornilova1 ,2, Tatyana Urieva1
1
MGIMO University, Moscow, Russia, 2Mendeleev Russian University of Chemistry
and Technology, Moscow, Russia
Arctic is an ocean full of mineral and bio resources that, owing to the process of global warming, are
likely to be easily extracted and exploited. Moreover, due to ice melting, new sea trading routes (The
Northern Sea Route and The Northwest Passage) are emerging, what minimizes the distance and
expenses of the transportation. In addition, different indigenous populations with their various
traditional cultures and customs and fascinating arctic nature that makes fall in love with its
landscapes contribute to the development of the Arctic tourism. All these factors prove that the
Arctic is a territory of international interaction but whether it will lead to cooperation or to a conflict
is put into question by many analysts.
The authors strongly believe that neither conflict nor even war is likely to emerge in the Arctic region.
International relations concerning the Arctic are going to be peaceful because in any spheres of
interaction: economic, ecological, juridical, social etc., states' cooperation is more beneficial.
In this study the authors attempt to compare internal and international Arctic policies of the five
Arctic states that have access to the Arctic ocean: Canada, Denmark, Norway, Russia and The US. The
comparison is based on eight criteria: territory (any territorial claims and contested territories),
ecological issues (states' attitudes towards the defence of the fragile Arctic environment), mineral
resources (countries' intentions to exploit Arctic mineral resources), social-economic development
(the defence of the Arctic indigenous populations), militarization (states' efforts to protect national
interests in the Arctic), international cooperation (within international organizations) and
international legal foundation (UNCLOS and perspectives to establish new legal institutions
concerning the Arctic).
As a result of this comparison the authors have come to a conclusion that domestic and foreign
policies of the Arctic states have a lot in common: close aims in securing and preserving of cultural
diversities, the need for cooperation in the exploitation of the Arctic mineral resources and the use of
the North trading routes, recognition of the importance of ecological monitoring to prevent ecological
catastrophes in the Arctic ocean etc. So, the Arctic is a territory of a dialogue and peace where is no
place for conflict.
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Security dynamics according to the concept of a "Hybrid
Arctic"
Fabienne Kürner, Stefan Norra, Caroline Kramer, Hartmut Klüver
Karlsruhe Institute of Technology, Karlsruhe, Baden-Württemberg, Germany
Security is a status or feeling defined by a human being. It is often related to its current personal living
condition which results particularly from changing political, social, natural and economical
parameters.
Being a geographical region of uncertain territorial belongings is one crucial factor of the Arctic's
uniqueness, regarding security dynamics. Whereas some security threats can be explained by its
geographical position, recent investigations have to go beyond this scope, especially if referring to
imminences which cannot be solved by military operations - like the endangered lifestyle of the Arctic
peoples. Hence, as a distinctiveness the politically, economically and military components of Arctic
security are highly depending on natural changes.
The significance of the Arctic region is raising, because melting and thawing processes - induced by
global warming - cause a potential use of resources. Thus, a former economically unimportant region
receives a different meaning due to shifting environmental conditions. Consequently several
countries try to gain power by claiming parts of the Arctic as their state territory. Although there is no
recent menace of military interventions, the Arctic people/societies might feel threatened.
Furthermore, the Arctic ecosystems are changing rapidly and are at risk to lose some of their typical
characteristics, which can support the uncertainty of the Arctic societies.
Arctic security - also including stable political conditions - has therefore to be seen as a
multidimensional factor, which is determined by interdependencies between nature and society, as
outlined above. Hence, its investigation requires a theoretical approach that links natural as wells as
social elements. This idea of security can be embedded in the approach of the "Hybrid Arctic", which
is an expansion of the Actor-Network Theory (by LATOUR) and the concept of social-ecological
systems (by FISCHER-KOWALSKI). The "Hybrid-system" concentrates likewise on flows and
interactions between the natural sphere and the social sphere as on their consequences. Regarding
security as both, part of nature and society - in an Arctic case - , transforms it into a hybrid. This
hybrid connects natural changes, like the thawing of permafrost and the caused infrastructural
difficulties, to a human condition. Therefore, this hybrid gains the power to affect both spheres while
being related to them itself. Furthermore it integrates a global and a local dimension of security, while
adding a human perspective to it. Thus, the "Hybrid system" pictures security/stability as a dynamic,
multidimensional process which covers different scales and interacts with different spheres.
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The Emergence of an Arctic Identity in Norway: Towards
International Cooperation or International Competition?
Ingrid Medby
The University of Edinburgh, Edinburgh, Scotland, UK
The Arctic is experiencing increased international attention as the rapid thawing of ancient ice is
opening up new opportunities, in particular related to lucrative natural resources; As well as
presenting a whole new set of challenges for the global community. As a result of this fast-paced
change on top of the world, geopolitical tension is rising with regards to future action; Consequently
endangering this highly vulnerable area, and many have feared a “race” for resources.
The promotion of international cooperation through politics is paramount in order to ensure peaceful
cooperation and coexistence in the High North. One important, and often neglected, aspect of policymaking is the role of identity, and in particular national identity. Whether there is a sense of
belonging to a larger Arctic region, or if the sense is rather one of ownership of the relevant Arctic
territory and sea may bear significant consequences for the development of future relations.
This study examines the emergence of an Arctic identity in Norway specifically, and sheds some light
on the nature of this – whether it is conducive for international cooperation, or international
competition. This is done by, firstly, analysing governmental discourse relating to the Arctic. Secondly,
an online survey shows identity among 239 young Norwegians aged between 18 and 30. Drawn
together, the study's two components complement each other, and show how an Arctic identity is
both affecting and an effect of foreign policy.
It demonstrates that there is indeed an Arctic identity in existence, although varying domestically in
Norway, and largely context-dependent. This identity is geared towards cooperation, although there
is a cautious anticipation of an escalation of pre-existing competition as well – albeit not believed to
involve the use of force. Despite Norway only being one of eight Arctic states and several Arctic
actors, ensuring that the emerging Arctic identity favours international cooperation is vital for
securing a future characterised by successful, cooperative and peaceful international relations in the
area.
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Arctic governance and the potential political strength of
Nordic cooperation
Kristen Ounanian1 ,2
1
University of Rhode Island, Kingston, Rhode Island, USA, 2Aalborg University,
Aalborg, Denmark, Denmark
Interest in the Arctic has grown in the last part of the decade as melting polar ice reveals new,
potential navigational passages, access to oil and gas deposits, and expanded fisheries while
accompanied by conservation concerns and the paradox of reaping the goods of a fragile
environment already ravaged by anthropogenic emissions. The Arctic Council represents the central
institutional body in the region, though scholars dispute whether it is poised for an expanded role or
if a new treaty-based regime is necessary and possible. At this juncture of activity in the Arctic, it is
especially interesting to examine the Nordic states because of their oftentimes shared diplomatic
outlook and history of cooperation. With this legacy of cooperation and institutionalized
coordination, the five Nordic states have the opportunity to influence the Arctic governance arena
through a strong, unified Nordic position supported by their individual state positions. Nevertheless,
the geography of the Arctic and the varying political constructions of what it means to be an Arctic
state—littoral or otherwise—may divide this block of five.
This paper first outlines the key developments in the Arctic Council’s history and explains its
somewhat unique institutional signature. Secondly, the paper addresses central issues of Arctic
governance including who should be involved and the geopolitical conception of region while
examining calls to strengthen governance in the Arctic and how they relate to the Arctic Council.
Finally, the paper turns its attention to the roles of the Nordic states and the Nordic Council of
Ministers. Citing significant political fault lines, the paper lays a foundation for future thinking about
the distinct position of the Nordic states and question whether they can or will seize such opportunity
to determine future Arctic governance.
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Byong-Kwon Park, Sang-Heon Nam, Hyun-Kyo Seo
Korea Polar Research Instite, Incheon, Republic of Korea
Korean Peninsula is located in the Northern Hemisphere and is influenced directly or indirectly from
the climate change in the Northern Hemisphere. Therefore Korean Arctic program is concentrated on
the large-scale global environmental changes. For this goal, Korea established the Arctic Dasan station
in Ny-Alesund, Svalbard Archipelago in 2002 in which KOPRI has been working on research programs
such as SIOS-PP. Also, we extended Arctic Ocean research programs in the Arctic Sea from using
icebreaking research vessel "Araon" and now we are participating in SAON (Sustainable Arctic
Observing Network). In September 2012, Korean government joined the Svalbard treaty and can
better promote the research programs conducted in Svalbard area. Korea applied for ad-hoc observer
of the Arctic Council, and received ad-hoc observer status in November 2008. After affiliation, KOPRI's
staffs as an expert of national delegates, has participated in the meetings: AC ministerial meeting,
SAOs and AMAP meeting (2009, Helsinki), 3rd EBM meeting (2012, Tromso) etc for supporting Ministry
of foreign affairs. Korea's observer state to the Arctic Council in the future, will lead KOPRI to actively
participate in the various monitoring and research programs led by 6 Working Groups under Arctic
Council. In 2012 KOPRI scientists undertook ocean expedition in Chukchi Sea with foreign scientists
for research program titled "Korea Polar Ocean in Rapid Transition". Korean industry especially
shipbuilding companies have strong interest in ice-breaker development, deep-sea oil drilling
platform in Arctic ocean and cruising technique on NSR or NWP. Korean government, advocating
sustainable use of resources in Arctic Ocean and Arctic and sub-Arctic region like Greenland and
Siberian region, is ready to join the Arctic resource-development through bilateral collaboration.
President Myung-Bak LEE visited Greenland and Norway in September 2012 and stressed on the
global warming issues and bilateral cooperation in Arctic resource development. Korean scientists will
maintain strong interests in global scale environmental change issues including Arctic climate change
and will participate actively in the international programs of Arctic Council and International Arctic
Science Committee. Korean government will also develop long-term polar research strategy and
programs as one of the G20 countries.
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Development of shipping in the Arctic: opinions of shipowners
Frédéric Lasserre1 ,2, Sébastien Pelletier1 ,2
1
Laval University, Québec City, Québec, Canada, 2ArcticNet, Québec City, Québec,
Canada, 3Hydro-Québec Institute in Environment, Development and Society (IEDS),
Québec City, Québec, Canada
The seasonal melting of sea ice in the Arctic Ocean, which has been confirmed for several summers in
a row and is widely documented, has become a hot topic in the media. It is fuelling many speculative
scenarios about the purported renewal of a “cold war”, or even an actual armed conflict, in the Arctic,
for the control of both its natural resources and its sea routes.
The melting sea ice is indeed giving a second wind to projects, abandoned in the 19th century, to find
shorter sea routes between Europe and Asia. A look at the map shows the savings in distance that can
be achieved with the Arctic routes: for example, a trip between London and Yokohama through the
Northwest Passage is 15,700 km and 13,841 km through the Northeast Passage, which is significantly
shorter than the route through Suez (21,200 km) or Panama (23,300 km). These findings fuel the idea
that these Arctic routes, because they are shorter, are bound to attract abundant through traffic, and
consequently will become a major political issue. Amid the media widespread image of a future
maritime highway across Arctic seas, even some scientists yield to the popular image and assert,
without proof, that Arctic traffic is set to increase rapidly. Beyond the seemingly decisive advantage of
Arctic routes, however, there remain many obstacles to navigation (Lasserre, 2010). In addition, these
scenarios for the development of marine traffic in the Arctic remain highly speculative and are not
based on an analysis of shipowners’ perceptions, which is the goal of this study.
Here are presented the results of an empirical survey conducted among shipping companies to
determine their interest in developing activities in the Arctic. Besides examining the potential
development of shipping in Arctic routes, this research must be replaced in the context of intense
competition between shippers, competition that makes both service reliability and costs of transport
paramount. In this competition structure, the benefits of established routes between major hubs
seem to prevail, so that new routes have difficulty being established.
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Revitalization of the Canadian Polar Commission
David J. Scott
Canadian Polar Commission, Ottawa, Canada
The Canadian Polar Commission (CPC) is Canada’s national institution for furthering polar knowledge
and awareness. Active in Canadian polar affairs, it has had a positive influence on major initiatives,
including Canada’s role in the recent International Polar Year (IPY), but it has not yet achieved its full
potential. The CPC is nearing the completion of a 2-year revitalization effort in light of the current
significance of Canada’s North in the circum-Arctic context. The CPC’s mandate is to:
•
•
•
•
•
•

Monitor polar knowledge in Canada and around the world;
Work with Canadian and international institutions to determine scientific and
other priorities;
Encourage support for Canadian polar research and inspire young generation
to focus on polar issues;
Communicate polar research information to Canadians;
Foster international cooperation in the advancement of polar knowledge;
Provide advice to the Minister of Aboriginal Affairs and Northern
Development.

To initiate the revitalization, a new, high-calibre Chairman and Board of Directors was appointed by
the Prime Minister of Canada in November, 2010, a new Executive Director was appointed March,
2012. The Board has developed a vision and 3-year Strategic Plan for CPC that is aligned with
Canada’s Northern Strategy. Implementation of the Strategic Plan is now underway, it comprises
three key elements:
•
•
•

Aggregating Polar Knowledge by activating and building more effective
networks;
Synthesizing Polar Knowledge to identify opportunities, issues and trends,
provide insight and guidance;
Effectively Communicating Polar Knowledge through synthesis of research
findings.

To revitalize and improve our Knowledge Networks, the CPC has established a new Northern Office in
Yellowknife, is supporting Canadian participants in the Association of Polar Early Career Scientists
(APECS), and the Canadian Network of Northern Research Operators (CNNRO), Canada’s participation
in IASC and SCAR. The CPC is participating in the development of Canadian High Arctic Research
Station (CHARS) and the nascent Canadian Antarctic Research Program (CARP).
The CPC is contributing to the synthesis of polar knowledge by conducting an analysis of research
gaps post-IPY, and delivering a number of “Knowledge to Action” events. To further enhance
communication we are renewing our web presence, re-designed publications for increased public
impact, and entering into strategic partnerships to facilitate education and outreach.
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Strategic Planning in European Union Policy Towards the
Arctic - the Case of Arctic Shipping and Energy Resources
Andreas Raspotnik1 ,4, Malgorzata Smieszek2 ,3
1
University of Cologne, Cologne, Germany, 2College of Europe, Warsaw, Poland,
3
Jagiellonian University, Cracow, Poland, 4The Arctic Institute, Washington, D.C., USA
The purpose of this paper is to investigate the interrelated sectors of Arctic hydrocarbon resource
exploitation and shipping as components of strategic planning in the policy-making of the European
Union (EU) towards the Arctic region.
The authors will conduct an exemplary SWOT (Strengths, Weaknesses/Limitations, Opportunities, and
Threats/Constraints) analysis for the EU's maritime transport and energy policies. These two policy
areas are not only considered of fundamental importance for future developments in the Arctic
region but also exemplify the potentially greatest economic benefits for the EU. In general terms, the
SWOT matrix aims at specifying the objective of a particular project and identifying the internal and
external factors that are favorable and unfavorable in achieving the designed objective. Once the
analysis has been completed, plans to reach the desired objective can be designed with a better
awareness of internal strengths and weaknesses as well as of external opportunities and threats to
the actor or policy in question.
In the case of EU foreign policy-making towards the Arctic region, the authors will focus on those
aspects of the EU maritime-transport and energy policies that are relevant to the Arctic region. First,
the EU's maritime transport policy and the EU's energy policy will be analyzed separately to identify
their specific features and characteristics. Then the two matrixes will be compared to categorize
similarities and differences. In the authors' view, such comparison will allow for the recognition of
elements that are common to both policies. It will also help to identify these areas in which
instruments applied could be mutually reinforcing, in contrast to those in which incoherence results
from immanent discrepancies between maritime transport and energy policies and where therefore
the search for coherence can come at too high cost.
The analysis will help to establish whether a coherent and comprehensive EU Arctic policy approach is
a prerequisite for the EU's engagement in the region or whether an assortment of issue-specific EU
Arctic policies would better suit the purpose.
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The role of the European Union in Arctic Spheres of Authority:
towards an offshore Arctic drilling moratorium?
Jan van Tatenhove1, Coco Smits2
1
Wageningen University, Wageningen, The Netherlands, 2Royal HaskoningDHV,
London, UK
Within the last decade the Arctic has transformed from a ‘frozen desert' into a theatre for high level
politics. This transformation is driven by environmental and socio-economic interdependencies
between the Arctic and the rest of the world. GHG emissions from all over the world impact the ice
cover in the Arctic, while a decreasing ice cover in the Arctic on its turn impacts global climate
patterns. The decreasing ice cover made the region more accessible, while an increasing level of
geological information, new technologies and high energy prices, will make Arctic hydrocarbon
resources viable to exploit. These developments triggered the attention of non-Arctic state actors, oil
and gas companies, (environmental) NGOs, banks, and insurance companies, changing the balances
of power between public and private actors within and outside the Arctic region.
The aim of this paper is to understand the changing spheres of authorities in the Arctic, especially the
role of emerging new public and private actors and existing formal and informal institutions (the
Arctic 5, the Arctic Council, the Northern Dimension, the Nordic Council, UNCLOS, Barents-Euro Arctic
Council).
By analysing the discussions about developing an Arctic Strategy we give insight in the different
strategies and discourses used by regional actors (Arctic states, and indigenous people) and nonregional actors (EU, non-Arctic states, environmental NGOs, oil companies, insurance companies and
banks). Our analysis will focus on recent developments regarding the positioning of the EU in the
Arctic spheres of authority. After its communication of 2008, which was heavily criticised by Arctic
states, the EU published a follow-up joint communication in June 2012. An Arctic treaty is not the
prime subject anymore of international and internal EU policy discussions, as attention has shifted
from an Arctic treaty towards a moratorium on Arctic hydrocarbon drilling.
Arctic States oppose an Arctic drilling moratorium, but also among EU institutions there are
opponents of a moratorium. Contradicting positions exist, with the Parliament's Committee on
Industry, Research and Energy voting against the initiation of such a moratorium by the Committee
on Environment, Public Health and Food Safety. And while the European Commission wants to
establish legally binding regulations for all member states on offshore drilling, this is not favoured by
the Parliament's Committees. Our analysis gives insight in the positioning and use of power resources
between several EU institutions and the influence of other actors, such as oil and gas companies and
Arctic states.
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Impact of Climate Change on Russia's Arctic Policy
Alexander Sokolovskiy
Moscow State Institute of International Relations (University), Moscow, Russia
In the last few decades climate change has reasonably become one of the central points of the
international political agenda. The impact of this process can already be seen in different parts of the
planet and its possible consequences can influence the future global economic and political
landscape dramatically.
The Arctic region is exposed to climate change more than most parts of the world. Environmental
processes that are now taking place in the Arctic present show how rapid and affecting this change
can be. In a few decades economic activities in the Arctic region will probably be undertaken in the
conditions that will differ much from the present ones. And in its turn, this will force Arctic states to
redesign their approach to political interaction on the problems of the region.
This supposition is particularly applicable to Russia. Russia has almost 40,000 km long total coastline
of the Arctic ocean. Areas on which Moscow claims its sovereignty are larger than those of other
Arctic states. Due to several economic, political and geographical reasons, the Arctic is regarded by
the Russian government as a strategic region crucial for the economic development and security of
the country. Climate change in the Arctic, first of all increase of average temperatures and mitigation
of climate can influence the following aspects of Russian policy in the region:
•

•

•

It can enhance economic feasibility of extracting resources located in the Russian sector of
the Arctic. This has already exacerbated disputes on sovereignty over areas where these
resources are located.
It can change the role of the Northern Sea Route by lowering demands that nowadays
should be met in order to pass through it. Thus, technical and economic availability of NSR to
ships from different countries may increase, as well as the possibility of its
internationalization.
Climate change can influence the problem of military activities in the Arctic in the same
way: lowering technical and training demands can boost these activities undertaken by
different countries.

Each aspect contains both a challenge and an opportunity for Russia. Moscow will have to pursue
such policy in the Arctic region that will be based on thorough analysis of all the factors. The article
shows what options Moscow has to build an effective Arctic policy and tries to forecast which of
them are most likely to be used considering all political and economic factors.
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The Exceptional 'Nature' of Arctic Exceptionalism: Mapping
Geophysics to Geopolitics in the High North
Philip Steinberg1 ,2
1
Florida State University, Tallahassee, USA, 2Royal Holloway, University of London,
Egham, UK
State politics and state institutions in the temperate world are based on an assumed static and
absolute division between inhabitable, solid land and uninhabitable, fluid water. A key contention of
this paper is that much of the ongoing debate over Arctic governance options reflects different
interpretations on whether this division of the world's surface (and areas below and above its surface)
can be applied without significant modification to the Arctic: an ever-shifting world of land, water,
and ice. By elaborating and analyzing a typology of Arctic governance options -- and, specifically,
through an investigation of how these have been deployed in Canadian political debates -- this paper
explores the potential, but also some of the potential unintended consequences, of a perspective that
highlights the unique geophysical properties of Arctic space.
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China's interests in the Arctic: why matters and how to
accommodate
Jianye Tang
Institute of Marine Policy and Law, Shanghai Ocean University, Shanghai, China
Melting ice in the Arctic has great implications, which go beyond the region. Opportunities for intercontinental navigation and scientific investigation and potential utilization of marine resources have
been envisaged. Against this background it can not be denied that non-Arctic states have no interests
in the Arctic. Therefore, it is reasonable to see China, as the largest developing country and the
country lying closely to the Arctic, has recently demonstrated strong interests in the Arctic. Arguably,
China could justify as three different identities her interests in line with international law. Firstly, as
an important member of international community, China could have a role to play with respect to the
rights vested by United Nations Convention on the Law of the Sea (LOS Convention) on the
international seabed and high seas, which should be preserved for the world as a whole. Secondly, as
a potential user state, China can not offer to ignore the potential uses offered by the Arctic Ocean, for
instance navigation through the Arctic, which is a fundamental principle for LOS Convention. Last but
not least, being a state to be or being affecting by melting ice in the Arctic, it is understandable why
China is eager to be involved in the Arctic scientific investigation.
However, to accommodate interests of China as well as other non-Arctic States is to present great
challenge for the current governance structure of the Arctic, the Arctic Council in particular. On the
other hand, full rejection of such interests will leave the Arctic great problems as well. And the
sectoral approach is not an acceptable choice either for the Arctic States or for the international
community. Therefore, the ecosystem approach should be in pursuit and the way should be explore
out to balance interests from outside and inside of the Arctic region.
With reference to the state practices within regional fisheries organizations, three proposals have
been made on ‘having an interest’ criterion for membership, a two-tiered governance structure, and
the decision-making procedure.

141

Arctic Frontiers 2013 – Poster presentations: Part I

Early Career
Polar science organizations and security at the end of the Cold
War
Lize-Marié van der Watt1 ,2
1
KTH, Stockholm, Sweden, 2ISAC, Stockholm, Sweden
One of the most visible platforms of transnational collaboration in the Arctic is scientific
collaboration. Scientific research is one of tools used by arctic stakeholders to further their
geopolitical, economic, cultural and security interests. This paper traces the origin of the International
Arctic Science Committee (IASC) during the denouement of the Cold War, a time when the security
situation in the Arctic was changing rapidly. IASC, a nongovernmental international scientific
organization focussing on facilitating cooperation in arctic research, is an observer at the Arctic
Council. Whilst IASC's origins are probably much more messy - some states has had policies towards
establishing international scientific cooperation post- World War II - the story of IASC's establishment
often starts with the 1986 meeting of SCAR (Scientific Committee on Antarctic Research). The context
of IASC's establishment was one of shifting relationships between arctic states at the end of the Cold
War more generally but also between arctic states as Arctic states, as well as between arctic states
and the Arctic. This was expressed in events such as President Mikhael Gorbachev's Murmansk
speech (1987) and the Rovaniemi Process (initiated in 1989). At a different historical juncture, SCAR's
establishment and history too, was closely linked to the Cold War. It is against this background that
this paper specifically looks at the extent to which the scientists involved drew on their experiences of
the Scientific Committee on Antarctic Research (SCAR) as a science governance body that was also
intertwined with the political governance of the Antarctic. Lastly, the paper also addresses the
question of how scientists and policy-makers perceived the role of science in the security dynamics of
the Arctic at the end of the Cold War.
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Japan and Singapore in the Arctic
Stewart Watters, Aki Tonami
NIAS - Nordic Institute of Asian Studies, University of Copenhagen, Copenhagen,
Denmark
Japan and Singapore are two of the new Asian applicants for permanent observer status to the Arctic
Council. It is of vital importance to analyse these two important maritime nations in order to
understand the diversity of ’Asian interests’ in the Arctic.
In this paper, we aim to summarise the involvement of these two countries in Arctic affairs and their
interactions with Arctic stakeholders, as well as discuss the extent to which these activities indicate
geopolitical interests.
In doing so, first, we will classify their Arctic activities as political, economic, environmental or security
in character.
We will then incorporate the concept of the development state and analyse mechanisms through
which state institutions reach decisions on how to engage in Arctic affairs. Japan and Singapore's
post-war economic development is frequently attributed to their characteristics as developmental
states. The legitimacy of the state derives from economic growth and the state involves itself directly
in the adaptation of the national economy to changes in the global economy, frequently in close
partnership or at the behest of influential commercial enterprises. In particular, we will shed light on
how Japan and Singapore's history as developmental states influences their interactions with
important domestic interest groups on issues related to the Arctic.
Lastly, we will present suggestions for the Arctics states and peoples to better engage these two
countries in Arctic affairs in a way that acknowledges their interests while maintaining stability in the
Arctic region and its related institutions.
The paper will draw upon the authors' previous work on Japan and Singapore's Arctic engagement,
including interviews with Singaporean and Japanese government officials, maritime, defence and
foreign policy think tanks, as well as the polar research community in Japan. The authors have
published work on Japan and Singapore in the 2012 Northern Forum Arctic Yearbook.
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Fishery investigations in Arctic waters with the new
Norwegian ice going research vessel
Asgeir Aglen1, Bjarte Bogstad1, Harald Gjøsæther1, Knut Sunnanå1, Ingolf Røttingen1,
Jon Helge Vølstad1, Ole Arve Misund2 ,1
1
Institute of Marine Research, Bergen, Norway, 2University Centre in Svalbard,
Longyearbyen, Norway
The Norwegian Government has decided upon building of a new Norwegian ice going research vessel.
The vessel has been outlined, planned, and projected since 2007. The 100 m long vessel will be a
multipurpose platform for scientific investigations and education in Polar waters. A central scientific
purpose for the new vessel will be to carry out fishery investigations.
We describe some of the scientific issues regarding fishery relevant marine organism population
distribution and development that should be investigated using the extended scientific capability that
the new vessel will represent. Especially we discuss how incomplete coverage of the total distribution
area for the Northeast Arctic cod during the winter survey has been a source of uncertainty in the
assessment and management of this stock. A central element has been the difficulty to include ice
covered and ice border areas into the survey area. We discuss some potential improvements the use
of a new research vessel with ice-going capacities could have on the winter survey.
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Social, Economic and Biological Sustainability in Managing
Costal Fisheries in a Changing Arctic
Jesper Raakjær, Hanne Bohnstedt
Innovative Fisheries Management, Aalborg University, Aalborg, Denmark
Managing fisheries is a difficult task with a number of different interests at stake. Biological
sustainability has been a key aspect for some years most places in the Arctic. However it has become
clear that economic and social sustainability needs to be considered too - especially when managing
costal fisheries. This raises a number of questions, dilemmas and paradoxes. There will often be
contradictions in the different priorities and in short and long term ambitions. There is a need of
research that brings together ambitions on both economical, social and biological sustainability in
order to gain long term sustainable communities in the Arctic.
The questions below are posed from very different perspectives and still somehow interdependent.
They reveal just some of the subjects that must be scrutinized and discussed openly in order to fill the
need for comprehensive fisheries management plans in the Arctic.
•

•
•

how should we understand "minority rights" and value the often rough and
dangerous life as fishermen in the villages? Is it a poverty trap with human
rights issues that the society ought to solve? Or would this perspective be a
kind of cultural imperialism?
what role does fisheries management play in the social and economical
collapse of some village societies?
what role does national fishery management play in geopolitics?

The questions are described in the context of the empirical reality in existing fishery management
areas. However, they are not less relevant to discuss when new fishing areas in the Arctic needs to be
managed. As a result of the climate change and the meltdown of the Arctic ice, new areas are
revealed for commercial fishery. In some cases these areas inhabit local fishermen that will need to
adapt to these changing conditions. In this situation it is interesting not only to discuss how the
marine resources are divided between nations, but also if the dilemmas concerning the original
fishermen can be considered in the management plans.
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Recreational fishing on the salmon rivers of northern Europe.
Anna Legun
Petrozavodsk Sate University, Republic of Karelia /Petrozavodsk, Russia
The Republic of Karelia is a frontier region with the frontier territories with the Northern Europe and
similar environmental complexes. A number of environmental problems is being solved thanks to the
international collaboration. However, the socio-economic situation of the Northwest part of Russia
influences the environmental management.
Stepped salmon rivers are a popular tourist attraction in Russia and in the neighbouring countries.
That was the reason for examining the features of the recreational fishery in Russia and in the
neighbouring countries.
These countries were successful in organizing stations of the recreational fishery – the multitude of
sites on the banks of the rivers, which are equipped with everything which is needed for a
vacation.The economic benefits, the prevention of poaching and damage to the populations are
unquestionable.However, the existence of fish farms and the breaching of the virgin landscapes
during the constructions of the tourist camps cause the inevitable ecological problems.
In Soviet Russia, northern rivers were under a serious influence, which caused an immense ecological
damage. As a result, some rivers lost their former look after the draining or turning into the
technological canals, or the changes in the chemical structure of water, and the undermining of the
number of hydrobionts took place.The construction of hydroelectric power plants and the timberrafting are the basic causes of this damage.
There is a reference site – a place in the Suna river with a specially delivered soil which consists of
special fractions. It is placed optimally for the spawning site Salmo salar. Also, the release of the
young of fish takes place regularly in the Suna river as well as in other rivers. However,
the
magnitude of population is being maintained thanks to the prohibition of the salmon
catching.
Nowadays, the term «ecotourism» is very popular. Tourist agencies use it very often – either by
mistake or for some benefit. There is no doubt that vacations by the rivers (not fishing but
acquaintance with the nature and the landscape) can be called ecotourism. But the majority of
ecological principles is absent. Thereby, it’s impossible to speak about a developed ecotourism on the
salmon rivers of Karelia.There are no organized ecological tours on the salmon rivers. It’s either
rafting on the river, or sightseeing, and the profit goes to the Center – a city office of a tourist agency,
or to the local populace, protection and economic and sociocultural development of the territory. The
enlightenment and ecological education does not take place.
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Needs of osteological comparison North Atlantic minke
whales with North Pacific minke whales to clarify for their
taxonomic status.
Gen Nakamura1, Yoshihiro Fujise2, Toshiya Kishiro3, Hikari Maeda1, Hidehiro Kato1
1
Tokyo University of Marine Science and Technology, 4-5-7 Konan, Minato-ku, Tokyo,
Japan, 2The Institute of Cetacean Research, 4-5 Toyomi-cho, Chuo-ku, Tokyo, Japan,
3
National Research Institute of Far Seas Fisheries, 2-12-4 Fukuura, Kanazawa-ku,
Yokohama, Japan
A taxon group of minke whale (Balaenoptera acutorostrata) distributes in all oceans through polar,
temperate and tropical waters in both Hemispheres. Within the group three different morphological
types are known from North Atlantic, North Pacific and from southern hemisphere known as dwarf
form. Recently North Atlantic and North Pacific minke whales are separated at a level of sub species
as being B. a. acutorostrata and B. a. scammoni for respectively, but dwarf type have not been well
specified its morphological feature. Osteological feature is one of the most important categorical
traits, but few studies have done on the minke whale taxon group. Thus we tried to analyze the
morphological and morphometric differences between North Pacific, North Atlantic minke whales
and dwarf form. We analyzed the proportion of 54 measurement points on the skull to the skull
length and morphological characters, based on 115 North Pacific minke whales collected from the
Second Phase of Japanese Whale Research Program under special permit in the western North Pacific
(JARPN II), 8 dwarf types collected from the Japanese Whale Research Program under special permit
in the Antarctic (JARPA) as well as published morphometric data on 11 North Atlantic minke whales.
Through the analyses we found several important osteological features such as differences in shape
of the nasal and the existence of interparietal. However, to clarify the taxonomical status among the
minke whale taxon group we need further osteological studies using the North Atlantic minke whale
samples.
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Filling the Need for a Comprehensive Fisheries Management
Plan for Greenlandic Halibut in Greenland
Jesper Raakjær, Hanne Bohnstedt
Innovative Fisheries Management, Aalborg Universitet, Aalborg, Denmark
The later years Greenlandic fishery management plans have had an exclusive focus on biological
sustainability and therefore developed in respect of the advice given on this matter. The ambition has
been primarily to catch as many fish as possible without pressuring the fish stock too much. It is not
the purpose of this project to discuss the validity of the advice. However, it is noted that the advice
are constructed only on basis of the data collected by Greenland Institute of Natural Resources and
not on observations done by the fishermen.
However, lately economical sustainability has become a focus point in the Greenlandic
administration, since it has become clear that most small scale fishermen are dependent on subsidies.
Their business are regarded as unsustainable, and the number of fishermen is to large compared to
the amount of fish to catch in the sea. Therefore, since January 2012 fishermen with small boats
(under 6 meters) that did not have a license to catch Greenlandic Halibut in Upernavik, Uummannaq
and Disco Bay in 2011 were denied a license in 2012. Fishermen with larger boats (over 6 meter) got a
quota of the total allowable catch (TAC). The purpose of the tightening in legislation was to secure
economical development in the costal halibut fishery for the remaining fishermen. However, this
strategy already failed during summer regarding several matters.
On the long term we must expect economical efficiency to those fishermen who manage to achieve a
reasonable quota of the TAC. However, it can be questioned if the described way to share the
common natural resource between the fishermen is fair. It can also be questioned if the strategy will
lead to an efficient national economy since a considerable number of fishermen expectedly will leave
the fishery business and become unemployed. In most cases there is not much else to do in the
villages other that work in the fishery business. This factor does not only raise questions on the
matter of how we should understand "economical sustainability" on different scales, but also on
sustainable social development in a broader perspective.
The situation is alarming and research in innovative long term sustainable management plans for
Greenland Halibut is needed.
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What is sustainable development in a World of Change?
Lessons from extreme environment study
Nickolai Shadrin
Institute of Biology of the Southern Seas, Sevastopol, Ukraine
“Sustainable development” is a popular slogan. Now our Planet goes to multiple tipping points; we
live in the World of Change. What is sustainable development in such case? This question is more
pronounced for Arctic, arid and other areas with extreme environments where small changes in
physical environmental factors influence on ecosystems and human society more catastrophic.
Results of extreme lake (hypersaline and Arctic) ecosystem study showed that their ecosystems have
several alternative steady states. Looking from human point of view we can see that there are
different resources in different states, and we need to use the different strategies, tactics,
technologies for getting benefits. Available data led us to some preliminary conclusions about
sustainability in World of Change. Sustainable ecosystem is system, which can select one from the
possible alternative states to continue its functioning under all possible changes of environment.
Sustainable human society is society, which has a set of strategies, tactics, technologies to use all
possible opportunities during all possible stable states of environment / human supporting
ecosystems without damages for ecosystem abilities to function and transform with environmental
changes. We need to learn from ecosystems existing in extreme and very changeable environments.
Ecosystems of hypersaline shallow lakes or shallow lakes in Arctic give us lessons how transforming
from one stable state into alternative state to support high level of productivity in different
environments. 1st lesson – to have a diversity of sleeping “genes” and “species” and algorithms for the
timely switching of them. 40 - 90% of total biodiversity in hypersaline lakes are in the resting/sleeping
stages in every time. 2nd – to have a set of alternative structural – functional organizations; political
and economical mechanisms for timely transit from one social – economical structure to alternative
one are needed. The lesson applications to current situation in Arctic are discussed. There is a trend
of alien species expansion in Arctic, we can’t stop this expansion. That’s why we must think more
about opportunities for human society, which these invasions create. From one hand it’s new
resources, and we need to look for how we can use them. From other hand - it leads to increasing of
ecosystem biodiversity, and as a result ecosystems have more chance to “find” new stable states. We
must help the native species will not extinct here. In some cases they can be in resting/low active
states during long time.
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Sea Ice Edge Measurements With the Use Cross-Validation
Techniques for Large-Scale Evaluations
Penelope Wagner1, Cathleen Geiger1, Sean Helfrich2
1
University of Delaware, Newark, Delaware, USA, 2National Ice Center, Suitland, MD,
USA
The sea ice edge is especially critical to monitor for navigational purposes because it delineates the
beginning of all sea ice zones, in which ships employed for operations need to navigate safely
through. Additionally, its location is an integral component of climate models and forecast
projections. Currently, there is no ground-truth data that can provide a sufficient amount of
comprehensive records to examine the Antarctic sea ice edge on a large scale. High-resolution
remotely sensed Synthetic Aperture Radar (SAR) data is preferred for sea ice edge observations;
however the data is expensive and does not have global coverage or a high temporal resolution.
Changes in sea ice edges varies with each region because it is an amorphous structure which makes it
difficult to accurately survey. Consequently, our ability to monitor these edge on a large-scale poses a
problem due to the unclear demarcation of the sea ice edge boundary from different points of view in
the science and operational communities. The goal of this technique will determine if there is one
product that could be used to augment SAR data for real-time forecasting of the sea ice edge. A crossvalidation is an effective technique that demonstrates that a specific set of data to produce consistent
results, therefore, can be a valuable predictive tool for reference data. Though NASA QuikSCAT
Scatterometer data are considered a reliable source to detect the sea ice edge in operational
organizations, it has never been fully quantified. The National Ice Center (NIC) creates many products
pertaining to sea ice conditions that aid in navigation, which includes information on sea ice
concentration, ice edge location, sea ice thickness, and sea ice extent. A compilation of various highresolution data and real-time archive makes this a desirable dependant variable for ground-truth
data. The NIC and QuikSCAT data were compared for 2004 -2011 to compare their time series. The
cross-validation was initially measured for the Antarctic sea ice edge due to the ease of geographic
measurements for this two-dimensional problem; however, can be applied to measure the Arctic sea
ice edge in order to optimize how we can forecast the interannual variability. The sea ice edge was
treated as a periodic phenomenon and cross-validated with the use of Discrete Fourier Transforms
where seasonal sea ice edge signals were evaluated for each section due to the absence of regularly
available temporal and spatial ground truth data at the sea ice edge.
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Electronic database of MMBI on cod fishery geography in the
Barents Sea ecosystem
Alexandr Zhichkin
Murmansk Marine Biological Institute, Murmansk, Russia
Cod is the main object of fishery in the Barents Sea ecosystem, which is regularly carried on by Russia,
Norway and other countries during many tens years. Maps, which were made from vessels work
results on cod fishery, can give pictorial view about fishery geography in the Barents Sea, because cod
is the main trade object. During the year, making extensive migrations, cod creates accumulations of
commercial character on spacious water area, which in the most cases overlap accumulation areas of
other commercial species of fish.
At present Murmansk Marine Biological Institute (MMBI) has an electronic database on cod fishery
geography of Russia in the Barents Sea for the period from 1977 to 2010. It was made on the basis of
data, which was got by material generalization of many years.
Electronic database contains 408 monthly maps and 34 annual maps of Russian fishery.
Mapping was implemented with the usage of GIS-programme MapViewer. Results on cod fishery
geography in the Barents Sea ecosystem help us to detect some important peculiarities of monthly
and interannual changes of fishery accumulation distributions of cod, which depend on natural and
anthropogenic factors.
The main peculiarity of the last 34 years is prolonged phase of warming, which was formed at the turn
of 1980-1990 and continues to the present time. The evaluation of the range of cod fishery showed
that a significant broadening of fishery water area occurred in the conditions of present warming
period. Alteration of cod fishery geography, which is analyzed on regular monthly material,
demonstrates the influence of seasonal and interannual fluctuations of natural conditions on
distribution of commercial accumulation of cod.
In 2009 Atlas of Russian cod fishery on the water area of the Barents Sea ecosystem for the period
from 1977 to 2006 was published on the basis of electronic database materials. All maps of the Atlas
shows bottom topography and fishery characteristics (quantity of fishery supplies and volumes of
Russian cod fishery).
On the Atlas monthly maps in addition to distribution of fish accumulation, information about glacial
conditions are showed for the middle of every month. The Atlas also contains schemes of commercial
accumulations of cod in different periods of water warmth.
Materials of electronic database and the Atlas can be useful as supplemental information on solving
of complex tasks of commercial oceanology and on fishery practice.
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Distribution of littoral phyto- and zoocenosis of the Kola Bay
of the Barents sea
Sofia Afoncheva
Murmansk State Technical University, Murmansk, Russia
The Kola Bay of the Barents Sea is a unique ecosystem characterized by great variety of
environmental conditions in its different parts. The bay mouth is typically marine ecosystem,
relatively free from anthropogenic pressure whereas southern part of the bay is exposed to
high desalination and human impacts. Water dynamics, biogenic and oil content, also varies from the
south to the north. A variety of abiotic conditions affects formation and functioning of communities
of various levels - primary and secondary producers.
The aim of our project is studying structure, distribution of phyto- and zoocenosis and blue mussel
Mytilus edulis as dominant species in several parts of Kola bay, differs in hydrological conditions.
Phytobenthos is the main producer in a sea ecosystem. It is determined that monodominant structure
of phytocenosis in the southern part of the bay changes into polydominant in the northern part.
Current phytocenosis state can be identified as slightly damaged and in some parts - as damaged
according to the criteria of bioindication, worked out specially for the Barents sea. The most
damaging factors are: increasing the silt part and decreasing water transparency caused by
euthrophication and surface water pollution by mineral oil. Four specific phytobenthos groups,
defined mainly by local hydrological factors, are detected.
Macrozoobenthos provides trophic interrelation of species. The community of the southern part of
the bay is formed mainly by detritophages, the community is in «stressed state». On the way north
sestonophages, mainly - mussels, become the dominant group. Studying Mytilus edulis settlements
revealed that abundance and size parametres of molluscs increase with increasing of salinity and
water intensity. The dominance of young-age groups (0-3 years) of mussels is occurred in all parts of
the bay but the maximum lifespan is observed in the bay mouth.
Biomass and abundance of benthic communities increase from the southern part to the mouth of the
bay, that is caused by change of littoral substrates towards greater heterogeneity, and decreasing of
anthropogenic pressure.
Three faunal groups are identified. Southern bay areas, characterized by low salinity, relevantly high
water dinamics, silty intertidal substrate form an estuarine species complex. The species complex
of the mouth represents a marine community. The third group is a set of species inhabiting areas with
intermediate hydrological parameters - average salinity, pollutant content, reduced water dynamics,
regardless of anthropogenic impact.
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The role of meiobenthos in the production processes of
ecosystems of the Russian Arctic seas
Denis Alexeev, Valentina Galtsova
Russian State Hydrometeorological University, Saint-Petersburg, Russia
Meiobenthos comprises tiny benthic organisms that are less than 2 -3 mm but greater than 0.1 mm
in size. Meiobenthic organisms are an important part of marine ecosystems: their density can reach
hundreds of thousands of individual organisms per square meter; the biomass is often comparable
with the biomass of the macrobenthos, especially at greater depths. The meiobenthos feed on the
large number of bacteria and bottom-dwelling unicellular algae, and thus consume a significant
proportion of primary production, direct consumption of which is either unavailable or energetically
unfavorable for many macrofauna. The secondary production of meiofauna may equal or exceed that
of macrofauna. In turn, meiobenthic organisms serve as food for some invertebrates and fish. In
Russian Arctic seas the meiobenthos abundance and biomass varied considerably between sampling
locations, by two to three orders of magnitude. The lowest abundance recorded was 1000 ind/m2; the
highest 5,426,000 ind/m2. The highest biomass recorded was 118,870 mg/m2, and the lowest 3
mg/m2. Meiobenthos organisms are very numerous and ubiquitous in all type of environment and
that their dominant constituent, the free-living nematodes, are the most numerous multicellular
benthic animals in all marine environments, from intertidal beaches to deep-sea trenches. In marine
biocenoses nematodes can assimilate, according to some estimates, up to 0.02% of the solar energy,
respiration of nematodes may be more than 10% of the benthos, and the production of nematodes about 4% of the production of benthos. Often second in numerical importance are the harpacticoid
copepods but the diversity of meiofauna is such that many phyla are represented and some phyla
contain only meiofauna species (e.g. Gastrotricha, Kinorhyncha, Gnathostomulida). The estimation of
the energy flow through meiobenthos is particularly difficult as only the measurements of the
production and the respiration mainly of some species harpacticoid copepods and free living marine
nematodes exist. Often the estimates of secondary production is calculated on the basis of detailed
temporal series of biomass data or the use of a production-biomasss (P/B) ratio for different groups
of meiobenthos is still a common practice.
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The Relationship Between Real-Time Environmental
Monitoring, Environmental Risk Assessment and
Environmental Management
Odd Ketil Andersen1, Kirsten Redmond1 ,2
1
BiotaTools AS, Stavanger, Norway, 2University of Stavanger, Stavanger, Norway
Oil companies have a vested interest in ensuring their activities are as environmentally friendly as
possible due to increasing environmental awareness in government bodies, environmental agencies
and the public. A zero-emission policy is extended in the Norwegian oil industry, and as activities
expand into more biologically sensitive areas such as the Barents Sea, oil companies require more
documentation of policy compliance. There is a growing interest for real-time environmental
monitoring (RTEM) as it gives a continuous record of environmental performance and has the
potential of linking monitoring data with the acceptance criteria proposed in environmental risk
assessment. A number of whole-animal biosensors were developed approximately 25 years ago, and
were based on monitoring behavioural and physiological responses in real-time. These methods
successfully document acute environmental changes, however, chronic exposure events are more
difficult to interpret.
We are developing a new generation of tools for RTEM based on Darwinian fitness methods as
growth, feeding rate, energy turnover and others. By using the same methods in environmental
monitoring as those normally used in Environmental Risk Assessment (ERA), the environmental
management of an operation can be directly related to the ERA and the acceptance criteria defined in
the ERA can be used directly on the field data. These tools make use of laser technology and will allow
for continuous recording ecologically relevant (population biology) end-points for monitoring. This in
turn facilitates more meaningful environmental management of a discharge or exposure.
The results from the prototype testing on blue mussels and Icelandic scallop will be presented with
the observations on behaviour. The results are based on responses to changes in feed availability,
temperature and exposure to produced water. The use of these tools in a range of monitoring
situations, not only the natural resource extraction industry, will be discussed.
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Interbreeding of Calanus finmarchicus and C. glacialis in the
areas of coexisting
Igor Berchenko1, Alexandra Stupnikova2
1
Murmansk Marine Biological Institute of KSC RAS, Murmansk, Russia, 2P.P. Shirshov
Institute of oceanology of RAS, Moscow, Russia
The data of the molecular-genetic investigations testify to under-/overestimation of both C.
finmarchicus and C. glacialis population size in the areas of coexisting. One of the possible reasons
may be the hybridization between these closely-related species. Substantial similarity in C.
finmarchicus and C. glacialis morphology allow to suppose the interbreeding availability.
We investigated some morphological parameters of 1098 females of C. finmarchicus, C. glacialis and
C. hyperboreus sampled in the Greenland, Barents, Kara and Laptev seas to verify of this
assumption.
According to the previous studies and our results the big portion of specimens with doubled seta’s on
the endopodites of the fifth pair of female legs observed only in C. finmarchicus and C. glacialis
populations. Another species of the genus Calanus (C. pacificus, C. euxinus, C. helgolandicus, C.
hyperboreus) have much lower values of this parameter. Traditionally considered that the number of
specimens with doubled seta’s on the endopodites depend on the temperature conditions of the
habitat. Our data disprove this supposition. Maximum number of specimens with doubled seta’s were
noted within the prosome length overlapping zone of both species (2.9 – 3.4 mm) at all parts of the
investigated area without any dependence from environmental factors.
On the basis of the obtained data we assume the hybridization of C. finmarchicus and C. glacialis
within the prosome length overlapping zone. Hybrid population characterizes by bigger portion of
specimens with doubled seta’s on the endopodites of the fifth pair of female legs comparing to the
parent populations of both species.
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On the spatial variability of thermohalineintrusion
characteristics in the deep Arctic Basin
Ekaterina Bloshkina
Arctic and Antarctic Research Institute, Saint Petersburg, Russia
CTD profiles carried out during 2007-2010 period were analyzed in order to study the frontal
interleaving structures in the Arctic Basin. The general overview of the double-diffusive staircase
properties have been done for different parts of Arctic Basin.
Based on the hypothesis of isopycnically coherent staircases the 'triple pick' intrusive structures were
distinguished at very CTD profile and the properties of these structures (temperature and salinity,
vertical gradients, density ratio, vertical scales etc.) were estimated at the interfaces and within the
layers.
The research area was arbitrary divided to the regular squares 100x100 km where characteristics of
intrusive structures demonstrate negligible temporal variability.
The intensity of interleaving processes were estimated by using both vertical temperature and salinity
gradients in intrusive interfaces and amount of inversions in every CTD profile.
The regions with maximum intensities are located in the Nansen Basin and over the Eurasian
continental slope being attributed to the frontal area maintained by continious warm and salty
Atlantic Water invasion to the Arctic Basin. Intensity gradually decreases toward the Canada Basin:
vertical TS gradients at interfaces in Eurasian basin are order of magnitude less than in Amerasian
basin.
Two different processes were examined to identify the prevailing form of heat and salt exchange in
intrusive structures. Vertical exchange (diapycnal doble-diffusive and/or turbulent mixing) is mostly
observed within the upper Atlantic Water (about 200 m down from 00 C isotherm depth). The
thermohaline intrusions below are mostly affected by horizontal mixing and isopycnal lateral
advection is dominated. Using parametrization of Kelley (1984) and Fedorov (1986) the vertical heat
and salt fluxes are estimated at the interfaces of 'triple pick' structure.
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Integral framework for assessing impacts on Arctic Marine
Productivity
Sander Lagerveld, Martine Van den Heuvel-Greve, Bas Bolman
IMARES Wageningen UR, Den Helder, The Netherlands
The Arctic Region is an ecologically vulnerable region that faces intense transitions. At the same time
it is an area of high economic importance due to its vast natural resources such as oil and gas. New
activities in the Arctic are of concern for the worldwide public opinion and for nation states, NGOs,
local communities and indigenous peoples. Therefore E&P and related industries have a responsibility
to develop and apply knowledge to integrally assess their impacts on Arctic ecosystems and marine
productivity.
However current international and national regulations, standards and guidelines are very generic in
prescribing criteria for such an integral assessment. In addition, most studies focus on modelling the
exposure of separate pressures such as turbidity, toxic compounds and underwater noise. These
pressures are not yet integrally linked to (cumulative) effects on Arctic ecosystems. Therefore, the
actual environmental impact of new activities in the Arctic remains largely unknown. The challenge is
to develop a scientifically sound assessment framework, that exceeds regulatory
requirements, harmonises existing standards and has legitimacy with relevant stakeholders.
IMARES Wageningen UR currently develops a step-by-step procedure for qualitative, semiquantitative and quantitative Environmental Impact Assessments in the Arctic. The framework
facilitates the integral analysis to identify, prioritise and mitigate impacts of offshore activities. It
looks beyond emissions by assessing the actual consequences of emissions for the Arctic
environment. The framework follows an ecosystem based approach, starting with the biotic and
abiotic elements of an Arctic ecosystem that are key in the functioning of that system. It comprises
the vulnerability (i.e., the resultant of sensitivity and recovery potential) of these elements for the
disturbances caused by the various activities related to the Arctic operation under study.
The framework is co-created during a series of Joint Industry Projects, together with the offshore
industry, governments and NGOs. IMARES Wageningen UR performed a gap analysis on the basis of
Barents2020 and ISO19906, being the basis of the further assessment. Preliminary results from this
study will be shown, together with results of previous studies in order to illustrate the framework
approach.
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Population dynamics and vertical habitat preference of a deep
water jellyfish, Periphylla periphylla, in a north Norwegian
fjord
Andrea Bozman, Ketil Eiane
University of Nordland, Bodø, Norway
The population dynamics and vertical habitat preference of the deep water scyphozoan, Periphylla
periphylla, was studied in Vefsnfjorden (65° 55' N:13° 06' E) on five separate dates between October
2010 and August 2011. At the time of study Vefsnfjorden was the northernmost population with
persistent numbers of P. periphylla. In this fjord, the species population structure varied with season.
Reproduction was limited to the winter months and slowed or stopped in the summer periods.
Abundances were higher in the winter months and the population experienced loss in the summer,
although reasons for the decrease in numbers are unclear. The population was in a period of growth
with coronal dome width size classes of < 1 - 30 mm and 70 - 160 mm but was lacking size classes
between 30 - 70 mm. Estimated growth rates for early developmental stages averaged at 0.013 mm
-1
day over the entire study period. Jellyfish distribution within the vertical habitat indicated signals of
diel vertical migration in only the sexually mature members of the population. The population
structure and suspected seasonal spawning in Vefsnfjorden differ from previous knowledge on the
species from other Norwegian locations and this may be related to the light regime of the north.
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Macrozoobenthic production and productivity on the
northern Norwegian shelf
Jennifer Dannheim1 ,2, Anne Helene Tandberg2, Pål Buhl-Mortensen2, Lene BuhlMortensen2, Margaret F.J. Dolan3, Børge Holte2
1
Alfred Wegener Institute, Bremerhaven, Germany, 2Institute of Marine Research,
Tromsø, Bergen, Norway, 3Geological Survey of Norway, Trondheim, Norway
Important ecosystem services and goods such as marine biodiversity, long-term carbon storage and
natural food resources for higher trophic level (e.g. for fish, birds, mammals and finally humans) are
inextricably linked to the benthic system. Benthic production and productivity are thus of direct
relevance for the management of commercial fish stocks and other ecosystem functions that benthos
provide. The identification of essential feeding habitats, i.e. highly productive areas, in the benthos
are therefore of commercial interest and consecutively also for a marine ecological management. The
MAREANO project (Marine AREA database for NOrwegian coasts and sea areas) studies both the
seabed environment and the benthic invertebrates, hitherto covering an area of 107 000 km² in the
Barents and Norwegian Seas. The dataset may form a platform of benthic knowledge for an
ecosystem-based sustainable management of these offshore waters. Hence, MAREANO links the
environmental parameters to the benthic ecosystem in order to map the environment and fauna off
the Norwegian coast. The area studied first by MAREANO was the Tromsøflaket bank in the Barents
Sea (approx. 16 km2, 150 – 200 m depth) which served as a case-study area. Multibeam echosounder
data which provide a basis for terrain analysis were combined with sampling with several biological
sampling gears (video, beam trawl, grab and epibenthic sled) in order to analyse and map benthic
habitat distribution. Based on the combined analysis, six different benthic biotopes were
characterised for Tromsøflaket. The benthic production and productivity showed significant
differences between biotopes and strong correlation with environmental parameters, i.e. terrain
parameters from multibeam echosounder analysis, sediment type and trawl tracks. Production
differences were also found between taxonomic groups and feeding guilds between biotopes.
Consecutively, the results will enable to designate highly productive and/or sensitive areas important
to understand ecosystem-related functional biotope aspects of Norwegian seas in the future.
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Towards a pan-Arctic benthic data base – the Barent Sea
macrobenthic energy flow example
Renate Degen1, Lis L. Jørgensen2, J. Dannheim1, A. Boetius1 ,3, T. Brey1
1
AWI, Bremerhaven, Germany, 2Institute of Marine Research, Tromsø, Norway, 3Max
Planck Institute for Marine Microbiology, Bremen, Germany
The Arctic is a hotspot of climate change and shifting parameters like rising seawater temperature or
reduction in sea ice extent affect the whole ecosystem. Currently our knowledge of large-scale Arctic
ecosystem structure and functioning is insufficient to predict forthcoming changes. The integration of
existing biological and ecological data on an Arctic-wide scale would be a major step towards a better
view on the whole Arctic biosphere and its dynamics. Within this context, we intend to create a panArctic macro-benthic database that will combine data from many studies in one massive georeferenced data management system. This system will allow for the identification and analysis of
benthic structures (e.g. biodiversity) and processes (e.g. production, metabolism) on large scales and
to model the impact of environmental drivers on the benthic system. The inclusion of historical data
from the 1930s onwards will add a temporal dimension to all analyses, which may allow for the
identification of past trends and shifts in Arctic benthic ecosystems.
Building such a database is a long-term task that comprises the following steps:
•

•
•
•
•

Data mining: Identify and consolidate all available data (published and
unpublished) on Arctic benthic macro-and megafauna in one georeferenced
data management system
Quality control: cross-calibrate and standardize taxonomic, geographical and
sampling methodology
Create a searchable metadata inventory
Make the database available to the scientific community
Install a continuous data bank update process

Here we use a Barents Sea data set (bycatch data from 900 trawl sampling stations, Lis L. Jørgenson,
IMR-PINRO Project) to demonstrate how such a database can be applied. We show the spatial
distribution of basic benthic community parameters (biomass, biodiversity), of community production
and the relationship between community parameters and the environment.
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Trophic relations and role of zooplankton in fish diet in the
arctic Barents and Kara Sea
Andrey Dolgov, Emma Orlova, Irina Prokopchuk, Aleksander Benzik, Olga Chetyrkina,
Mira Zashihina
Polar Research Institute of Marine Fisheries and Oceanography (PINRO), Murmansk,
Russia
Based on the quantitative data on stomach content, diet of the most abundant fish in the northern
Barents and Kara Seas during 2000-2011 is considered. Some trophic groups of fish were separated –
planktivorous (capelin, polar cod, Triglops nybelinii, Liparis fabricii, Eumicrotremus spinosus),
benthivorous (Artediellus atlanticus, Careproctus sp., Leptagonus decagonus, eelpouts) and
piscivorous (cod, Greenland halibut, Liparis gibbus). The role of various zooplankton taxons
(copepods, hyperiids, euphausiids, pteropods etc.) in diet of both commercially important and nontarget fishes was also analyzed for these areas. Relative low food competition was observed between
the most abundant pelagic species - capelin prey on copepod and euphausiids while polar cod prefer
hyperiids and copepods. It was also revealed that hyperiids (especially Themisto libellula) were the
most important prey among plankton for many fish species in the arctic parts of the Barents and Kara
Sea.
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Arctic Ocean Gas Hydrate Stability Versus Changing Climate
Michela Giustiniani1, Umberta Tinivella1, Martin Jakobsson2, Michele Rebesco1
1
OGS - Istituto Nazionale di Oceanografia e di Geofisica Sperimentale, Trieste, Italy,
2
Stockholm University, Stockholm, Sweden
The Arctic is a critical area in a warming climate because massive amounts of methane currently
locked in permafrost and as gas hydrates in ocean sediments could be released to the atmosphere
much faster than predicted. These Arctic sources of CH4 may respond quickly to temperature
changes, with strong positive climate feedbacks as a consequence. In this context, we aim at
developing a better understanding of the behavior of gas hydrate deposits under predicted future
scenarios and their mutual relationships. The scope is to model the effects of warmer ocean bottom
temperatures and increased seafloor pressure on the gas hydrate stability zone thickness using
available theoretical relationships. By using bathymetric data, sea bottom temperature, geothermal
gradient and assuming that the natural gas is pure methane, we evaluate the theoretical gas hydrate
stability zone (GHSZ). The base of GHSZ is calculated as the intersection between the geothermal
curve and the gas hydrate stability curve. We model the present day conditions adopting two
different geothermal gradient values: 30 and 40°C/km. For each geothermal gradient value, we
simulate a rise and a decrease in sea floor temperature equal to 2°C and in sea level equal to 10 m.
The results of the modeling confirm that the Arctic is potentially sensitive to climate change with
respect to gas hydrate stability. As expected, a rise in sea floor temperature causes gas hydrate in the
region to become unstable. This could cause the base of the GHSZ to move upward resulting in
thinner GHSZ and subsequent methane releases. On the contrary, a decrease in sea floor temperature
could cause the base of the GHSZ to move downward. In this condition, the GHSZ could increase in
thickness. A raised sea level, caused by thermal expansion of a warming ocean and, more importantly,
from melting polar ice caps, results in an increased pressure at the seafloor due to the extra mass of
water. This could cause the deepening of the base of the GHSZ extending the zone where there are
the conditions for gas hydrate stability. The effects from a 10 m sea level change on the gas stability
zone are, however, very low compared to those of a 2 degree temperature change.
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Phytoplankton biomass dynamics driven by cyclonic activities
in the Arctic Ocean: a spaceborne synergistic study.
Pavel Golubkin1 ,2, Evgeny Morozov1, Dmitry Petrenko1 ,2
1
Nansen International Environmental and Remote Sensing Centre, Saint-Petersburg,
Russia, 2Russian State Hydrometeorological University, Saint-Petersburg, Russia
A pilot satellite-based investigation of modulations exerted upon mixed-layer phytoplankton fields by
deep cyclones is performed for the first time across the northern hemisphere polar region, viz. the
Arctic Ocean. Resorting to a synergistic approach, polar cyclones were first identified from National
Centers for Environmental Prediction/National Center for Atmospheric Research (NCEP/NCAR) data
for the summer time period during 2002-2006, and their propagation throughout the Barents Sea was
further traced down. The above water wind force was retrieved from Quick Scatterometer (QuikSCAT)
data. These data were further accompanied by ocean color data from Sea-viewing Wide Field-of-view
Sensor (SeaWiFS) and Moderate Resolution Imaging Spectroradiometer (MODIS) on the spatial and
temporal distributions of surficial phytoplankton chlorophyll concentration dynamics along the
trajectory of the cyclone’s footprint displacement across the sea. When the wind speed, bathymetric
features and cloudiness conditions proved conjointly favorable, appreciable increases in
phytoplankton chlorophyll concentration (for basically oligotrophic waters of the Arctic Ocean) have
been observed following the cyclone passage with a time lag of about 5 days. It implies that with the
ongoing amplification of climate warming at high northern latitudes, the mechanism discussed above
is potentially capable of being one of those presently boosting the primary production in the Arctic
Ocean. However, further studies are certainly required to extend the observation data up to 2012 and
further on in order to statistically and phenomenologically underpin and further our understanding of
the actual mechanisms of changes in the Arctic Ocean ecosystem functioning.
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Calanus based Arctic food web: The role of the ctenophores

Mertensia ovum and Beroe cucumis in lipid transfer

Martin Graeve, Gerhard Kattner
Alfred Wegener Institute, Bremerhaven, Germany
High latitudinal ecosystems are characterized by an enormous lipid accumulation in the pelagic food
web with an intensive and fine-tuned energy transfer from phytoplankton via copepods to higher
trophic levels, i.e., fish, seabirds and marine mammals. Increasing temperatures and the rapidly
declining sea ice coverage are key variables in the Arctic hemisphere, influencing its productivity, but
also the life cycle of zooplankton and their consumers. As prominent members of the Arctic food web,
the comb jellies Mertensia ovum and Beroe cucumis are a transit stations for the zooplankton based
energy transfer in the Arctic food web. Total lipids and lipid classes of the Arctic ctenophores, as well
as their fatty acid and alcohol compositions were analysed to investigate the fate of dietary lipids and
their conversion during metabolic processes. Animals originate from Kongsfjorden and around
Svalbard. Their major lipid classes were wax esters, phospholipids and as a unique feature free fatty
alcohols with up to 14.6% in Mertensia ovum specimens from spring. The fatty alcohols were
predominated by 22:1(n-11) followed by 20:1(n-9) and moderate proportions of 16:0. In some
samples of Mertensia ovum the long-chain monounsaturated 22:1(n-11) alcohol made up almost
100% of total free alcohols. The principal fatty acids of both ctenophores were 22:6(n-3), 20:5(n-3)
and 16:0. Hypotheses about the role of free alcohols are discussed.
Our lipid data reflect clearly feeding of M. ovum on the herbivorous calanoid species, Calanus
glacialis and C. finmarchicus, the abundant members of the zooplankton community in the Arctic.
The larger ctenophore Beroe cucumis is feeding on M. ovum but also on other gelatinous
zooplankton. Both ctenophores are able to retain major amounts of the Calanus based metabolized
energy. The impact on Arctic the food web of a changing Calanus abundance and species shift as well
as the ability of both ctenophores to adopt to changes in environmental conditions is discussed.
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Fuzzy coding of environmental predictors in constrained
ordinations
Michael Greenacre1 ,2
1
Universitat Pompeu Fabra, Barcelona, Catalonia, Spain, 2Akvaplan-niva, Tromsø,
Norway
Constrained ordination methods, notably canonical correspondence analysis and redundancy
analysis, are regularly used in the analysis of ecological data when several response variables (for
example, abundances of a set of species) are related to several explanatory variables (for example,
environmental indicators, spatial positions of samples). The ordination axes are restricted to be linear
combinations of the explanatory variables, in the same spirit as a multiple regression. Usually,
explanatory variables enter these procedures in their original form, or at most in some transformed
form, for example log-transformed or as polynomials to capture non-linear effects. In this poster I
demonstrate the advantages of fuzzy coding of the explanatory variables: first, non-linear
relationships can be diagnosed; second, more variance in the responses can be explained; and third,
in the presence of categorical explanatory variables (for example, years, regions) the interpretation of
the resulting triplot ordination is unified, because all explanatory variables are measure at a
categorical level.
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Unraveling Onisimus litoralis: What can it tell us about
seasonality?
Ingeborg G Hallanger1, Henrik Nygård2
1
University of Tromsø, Tromsø, Norway, 2Finnish Environment Institute, Helsinki,
Finland
The Arctic is strongly affected by seasonality and the Arctic organisms have adapted their physiology
and behavior to their environments. Seasonal changes in light conditions, air temperatures,
precipitation, salinity, sedimentation, snow and ice cover, and glacial activity influences both the
terrestrial and the marine biota. Marine benthic organisms have been widely used in ecotoxicological
studies to assess effects of different contaminant compounds such as oil-related chemicals and
persistent organic pollution (POP). Benthos is assumed to be relevant test species as they have shown
to possess compensatory responses to pollutants and often have sessile life style. Biomarkers of
response have been used widely in test for exposure, however in a seasonal environment such as the
Arctic the baseline of these biomarkers changes with seasons which will interfere with the
interpretation of biomarker data.
By investigating the seasonal changes both in baseline physiology and exposure to contaminants of
the amphipod Onisimus litoalis during a full year in Adventfjorden we aim to better understand how
this amphipod respond to the seasonal changes within this fjord. Seasonal changes in baseline
physiology have the potential to confound our interpretation of effects and exposure in Arctic
organisms.
O. litoralis is an easily accessible amphipod living on the soft sediments in the intertidal zone during
the entire year; however it has been observed to use the sea ice during winter. O. litoralis can
constitute up to 95% of total fauna density in some areas. It has a narrow environmental distribution
as it is limited to waters less than 5 m in depth [9]. It has a clear 2 year life cycle both in the European
and the American Arctic, allowing distinct cohorts to be followed in observational studies. This
amphipod has been characterized to have a omnivorious feeding ecology, and is an important food
source for waders (Calidris spp.), black guillemots (Cephus grylle), eiders (Somateria spp.) and terns
(Sterna spp.).
Project will be presented in detail at the conference.
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Circumpolar Biodiversity Monitoring Program (CBMP) Marine Plan. Integrated Pan-Arctic Biodiversity Monitoring to
Strengthen Decision-Making
Jill Watkins1, Reidar Hindrum1 ,2
1
Fisheries and Oceans Canada, Ottawa, Canada, 2Directorate for Nature
Management, Trondheim, Norway
Arctic biodiversity is under growing pressure from both climate change and resource development,
yet existing monitoring programs remain largely uncoordinated, limiting our ability to effectively
monitor, understand and respond to biodiversity trends at the circumpolar scale. The maintenance of
healthy Arctic ecosystems is a global imperative as the Arctic plays a critical role in the Earth’s
physical, chemical, and biological balance. Maintaining the health of Arctic ecosystems is also of
fundamental economic, cultural, and spiritual importance to Arctic residents, many of whom maintain
close ties to the land and sea.
Arctic Council ministers formally endorsed the Circumpolar Biodiversity Monitoring Program (CBMP)Marine Plan at their May 2011 meeting in Nuuk, Greenland, and implementation is now underway
under the leadership of Canada. This presentation will provide an overview of accomplishments
during the first year of implementation.
The overall goal of the CBMP-Marine Plan is to improve our ability to detect and understand the
causes of long-term changes to the composition, structure, and function of Arctic marine ecosystems,
as well as to develop authoritative assessments of key elements of Arctic marine biodiversity (e.g.,
key indicators, ecologically pivotal and/or other important taxa).
During the first two years of implementation (2011-2013), the focus is on identifying and integrating
pan-Arctic datasets, including the rescue of legacy data. Using available data, indicators are being
refined and tested, and in some cases, new, promising indicators adopted. Indicator baselines are
being produced for certain focal ecosystem components. This work requires integrating existing
marine biodiversity monitoring data and efforts (scientific and community-based) across the Arctic,
and using a suite of common biological parameters and indicators; key abiotic parameters relevant to
marine biodiversity; and optimal sampling schemes. Monitoring results are organized and reported
according to Arctic Marine Areas.
Strong partnerships continue to be a cornerstone of this effort, and are essential for bringing together
relevant data, collections and information, and for analyzing and interpreting results. The work is
being undertaken under the aegis of the CBMP-Marine Steering Group and through six Marine Expert
Networks – Sea-ice Biota, Plankton, Benthos, Fish, Seabirds (C-BIRD), and Marine
Mammals. Membership on these committees is drawn from experts in Canada, Greenland, Iceland,
Faroe Islands, Norway, Russia, US, Inuit Circumpolar Council and Arctic Monitoring and Assessment
Programme.
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Zooplankton productivity in a changing Arctic Ocean
Ksenia Kosobokova1, Hans-Juergen Hirche2, Michael Karcher2, Russel Hopcroft3
1
Shirshov Institute of Oceanology, Moscow, Russia, 2Alfred Wegener Institute for
Polar and Marine Research, Bremerhaven, Germany, 3Institute of Marine Science,
University of Alaska, Fairbanks, USA
Understanding of the Arctic zooplankton communities’ composition, abundance and productivity has
been growing constantly since the 1990-s. Consistent observations in all four basins of the Arctic
Ocean showed that two major components contribute to the zooplankton biomass and productivity:
an autochthonous community consisting of locally reproducing species, and an allochthonous
community advected with the Atlantic inflow predominantly consisting of species like Calanus
finmarchicus not able to reproduce in the Arctic. The allochthonous populations were mostly
concentrated along the Eurasian slope and along the underwater Nansen-Gakkel and Lomonosov
Ridges. There, together with local populations, they built the highest zooplankton stock. In contrast,
contribution of allochthonous populations to the zooplankton stock in the Canadian Basin was very
low, as Atlantic expatriates hardly penetrate into the Canadian Arctic, and the majority of plankton
advected from the North Pacific undergoes extinction on the extended shelf of the Chukchi Sea.
Subsequently, oceanic communities of the Canadian Basin had a significantly lower biomass
compared to the Eurasian Basins. Comprehensive observations in all major basins carried out during
the International Polar Year in 2007, and in 2011 with RV “Polarstern” were aimed to understand
factors shaping the structure and productivity of the zooplankton communities under ongoing climate
change and ice retreat. The results from these cruises strongly support earlier observations, but did
not show obvious signals of changes in zooplankton productivity. This may at least partly be due to
the timing of the expeditions at the end of the productive period. Therefore earlier cruises are a
prerequisite for better understanding processes in Arctic Ocean plankton in the future. At present,
the relative importance of local primary production and advected POM for the nutrition of advected
and local populations under changing conditions is not clear yet. As the late phytoplankton growth
may be a major limitation for the successful colonization of the Arctic Ocean by Atlantic species, an
earlier ice retreat and increase of water temperatures along the Atlantic Inflow may finally permit
extension of the geographic range of Atlantic species like Calanus finmarchicus. The predicted
decrease of ice covered area may extend the period and areas of growth and therefore support
higher secondary production in the Arctic Ocean. The role of advected species certainly depends also
on the stability of the Arctic Ocean circulation. Therefore consequences of the recently described
variability of the circulatory regime on zooplankton distribution will be discussed.
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Winter Tales - a dark side of planktonic life
Anna Kubiszyn1, Katarzyna Blachowiak-Samołyk1, Józef Wiktor1, Else Hegseth2, Stig
Falk-Petersen2 ,3
1
Institute of Oceanology Polish Academy of Sciences, Sopot, Poland, 2University of
Tromsø, Tromsø, Norway, 3Norsk Polarinstitutt, Tromsø, Norway
During the first winter cruise (early January 2012) into the waters north of Svalbard, the quantitative
and qualitative investigations of planktonic organisms (from nano- to mesozooplankton) were
conducted.
At two sampling stations (Rijpfjorden and Sofiadypet) the occurrence of 25 protists taxa, dominated
by members of Peridinea, was recorded. The overall protistean biomass was as high as 42.2mgC/m-2
and the abundance was up to 3.2x108 cells/m-2. Microscopic observations confirmed also presence of
autotrophic cells, which were in surprisingly good condition. These plastidic forms constituted up to
-2
-2
50% of the overall biomass (concentration of chlorophyll a ranged from 0.3mg*m to 0.4mg*m ).
Share of mixo- and heterotrophs fluctuated from 11.6 to 32.0% and from 14.3 to 21.6%, respectively,
however they were most diverse. Among protists, the highest share in the total biomass had
Gymnodinium cf. wulffii and representatives of genus Thalassiosira.
At the higher trophic level, the total abundance of mesozooplankton ranged from 9.2x104 to
2.1x105ind.*m-2, which constituted two orders of magnitude greater biomass (fluctuating from 3.5g
C/m-2 to 5.0gC/m-2) in comparison with protists'. Important role of two dominant herbivorous species
Calanus finmarchicus and C. glacialis confirmed their highest share (about 80%) in the total
mesozooplankton biomass.
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Microbial eukaryotes in an arctic marine ecosystem: Diversity
and seasonality
Miriam Marquardt1 ,2, Archana R. Meshram1, Anna Vader1, Marit Reigstad2, Tove M.
Gabrielsen1
1
University Centre in Svalbard (UNIS), Longyearbyen, Norway, 2University of Tromsø
(UiT), Tromsø, Norway
Microbial eukaryotes (here defined as single-celled protists < 10 µm) dominate the abundance of
pelagic autotrophs and heterotrophs in arctic marine communities. In particularly during non-bloom
situations, microbial eukaryotes may represent an important and available food source for arctic
plankton. Although few of these species have been described formally, molecular genetic
investigations have demonstrated a high diversity of microbial eukaryotes, even during the polar
night period. The aim of this project is to identify the key microbial eukaryote species in Svalbard
waters, to investigate their seasonality and determine the environmental impact on their distribution
and community composition, with special emphasis on the polar night period. Temporal variability of
the microbial communities will be investigated utilizing samples from an ongoing, intensive field
campaign in Adventfjorden (western Spitsbergen), where samples have been collected weekly since
December 2011. The sampling site is equipped with a moored ocean observatory detecting seasonal
variability in temperature, salinity, irradiance and fluorescence allowing detection of the variability of
the habitat for marine pelagic microbes.Spatial variability of the microbial communities will be
investigated utilizing samples collected in Svalbard waters. We will characterize the biodiversity of the
pelagic microbial eukaryotes (size fraction: 10 – 0.45 μm) throughout a year using amplicon
pyrosequencing of the V4 region of the 18S rRNA and rDNA. The key species will be identified, their
seasonality studied and their response to a seasonally changing environment investigated.
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Modelling the effects of Holocene primary productivity
changes on organic carbon accumulation and storage in the
Barents Sea
Irene Pathirana1 ,2, Maarten Felix3, Jochen Knies1, Ute Mann3
1
Geological Survey of Norway, Trondheim, Norway, 2University of Tromsø, Tromsø,
Norway, 3SINTEF Petroleum Research, Trondheim, Norway
We investigate organic carbon sedimentation patterns linked to surface water primary productivity
(PP) changes throughout the Holocene (last 10 ka) on the western Barents shelf between Svalbard
and the Norwegian mainland.
The western Barents Sea is partially ice-covered in the winter. In spring and summer melting ice leads
to a stratified water column and a phytoplankton bloom that moves northward in the marginal ice
zone (MIZ) (Wassmann et al., 2006). This high productivity regime in the MIZ is reflected in the
surface sediments which are enriched in organic carbon (Knies and Martinez, 2009).
We use OF-Mod 3D, an organic facies modelling software developed by SINTEF Petroleum Research,
to determine the organic carbon fractions throughout the study region. OF-Mod 3D is a predictive,
process-based, forward-modelling tool used to calculate organic matter preservation in a 3D grid
throughout the modeled domain.
Primary productivity is an input parameter in the model. We use a low background PP and additional
PP input in the MIZ region to represent the MIZ processes.
The model is calibrated and able to reproduce the present day regional distribution of the organic
carbon fractions, including high organic carbon content in the MIZ and on the flanks of
Spitsbergenbanken. The input PP is much lower than the estimates from the surface waters in the
Barents Sea. We are able to model the effects an ice-free Barents Sea region could have on organic
carbon accumulation in this region.
KNIES, J. & MARTINEZ, P. 2009. Organic matter sedimentation in the western Barents Sea region:
Terrestrial and marine contribution based on isotopic composition and organic nitrogen content.
Norwegian Journal of Geology, 89(1-2), pp. 79-89.
WASSMANN, P., SLAGSTAD, D., RISER, C. & REIGSTAD, M. 2006. Modelling the ecosystem dynamics of
the Barents Sea including the marginal ice zone II. Carbon flux and interannual variability. Journal of
Marine Systems, 59(1-2), pp. 1-24. doi: 10.1016/j.jmarsys.2005.05.006.
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Trophic relationships and the role of Calanus in the oceanic
ecosystems south and north of Iceland
Hildur Petursdottir1 ,2
1
Marine Research Institute Iceland, Reykjavik, Iceland, 2University of Tromsø, Tromsø,
Norway
The waters south and north of Iceland vary greatly both oceanographically and biologically with the
rather stable and warm Atlantic waters south and west of Iceland and the more variable and cold
Arctic and sub-Arctic waters, north and east of Iceland. The aim of this study was to increase the
knowledge on the role of Calanus copepods and trophic relations of the key components of the
oceanic ecosystems south-west and north of Iceland. The trophic relationships and energy transfer to
higher trophic levels were estimated by using fatty acid trophic markers and by applying stable
isotopes of carbon and nitrogen. The energy rich Calanus species are key links between primary
producers and higher trophic level. The Calanus species dominate the zooplankton biomass and their
markers are found in high amount in animals at higher trophic levels. This study presents novel
important knowledge on the food web structures and carbon flow in the different waters south and
north of Iceland.
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In situ imaging of mesozooplankton in order to assess fine
scale spatiotemporal variability: Results from the BaySys 2012
expedition in Hudson Bay
Moritz S. Schmid1 ,2, Cyril Aubry2, Jordan Grigor1 ,2, Louis Fortier1 ,2
1
Takuvik Joint International Laboratory, U. Laval (Canada) & CNRS (France),
Département de Biologie, Université Laval, Québec, Canada, 2Québec-Océan,
Département de Biologie, Université Laval, Québec, Canada
The bulk of energy and carbon from primary producers in the Arctic is transported to the vertebrate
fauna (such as fish, marine mammals and seabirds) via the mesozooplankton. With the advancement
of oceanographic research methods it has been proven that zooplankton often form thin layers over
only a few centimeters of the water column, which are critically important for the dynamics and fate
of primary production, as well as for prey supply of upper trophic levels. However, traditional
methods used to capture zooplankton (i.e. nets) only integrate or roughly stratify the water column,
and do therefore not provide the necessary resolution for studying the fine-scale vertical distribution
of key zooplankton components. The lack of resolution from traditional zooplankton samplers can be
overcome with devices such as the newly developed "Lightframe On-sight Keyspecies Investigation"
(LOKI) system, capable of in situ optical imaging of zooplankton species (Schulz et al. 2010). This
device allows to determining the exact vertical distribution of organisms in the water column, as well
as corresponding environmental data (e.g. T, S, Chl a) by taking photographs of each particle that
flows through the device. We will use the LOKI to assess the spatiotemporal variability in the coupling
between primary and secondary production in the Canadian Arctic Ocean. Here we provide a first
evaluation of the LOKI based on our experiences from a Hudson Bay cruise as part of the BaySys
expedition onboard the CCGS Pierre Radisson in September 2012. Furthermore we will give an
outlook on the next steps of the project that will include the development of extensive databases for
the automatic taxonomic classification of zooplankton using machine learning algorithms and the
determination of vertical abundance and biomass profiles in order to quantify the role of these
organisms in controlling primary production.
J. Schulz, K. Barz, P. Ayon, A. Lüdtke, O. Zielinski, D. Mengedoht, H.-J. Hirche (2010): Imaging of
plankton specimens with the lightframe on-sight keyspecies investigation (LOKI) system. J. Europ. Opt.
Soc. Rap. Public. 10017s Vol 5.
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Nutrient balance in the bays of the Kara Sea
O.A. Morozova, Irina Semeryuk, A.D. Tarasenko, A.V. Vesman
Arctic and Antarctic Research Institute, Saint Petersburg, Russia
The aim of this nutrient balance calculates is to study biogeochemical processes occurring in the arctic
estuaries zones and their connection with processes, defining climate change. The great Siberian
rivers transport thousands tons of nutrients to the Arctic shelf. Study of transformation of these
nutrients is very important. Nutrients are a mineral base for primary production in seawater. Study of
the nutrient budget allows us to characterize ecological metabolism of marine systems and to show
sensitivity of these systems to environmental changes.
Nutrient balance, a difference between primary production and decomposition of organic matter ((pr) estimation), a difference between a nitrification and a nitrogen denitrification were calculated for
the Ob', Enisei, Taz and Baidara Gulfs of the Kara Sea according the international program "Land and
ocean interaction in a coastal zone" (LOICZ) recommendations.
The stoichiometric analysis indicates that overall the Ob' Gulf acts as net of sinks of dissolved
inorganic phosphorus and nitrogen system, while the bottom layer serves as net sources of dissolved
inorganic phosphorus. The (p-r) estimation indicates that the system is heterotrophic net in both
layers in summer and in winter seasons. A nitrogen denitrification occurs in the bottom layer. The
Baidara Gulf acts as net sink of dissolved inorganic phosphorus and nitrogen system. It is possible to
explain it insignificant nutrient entrance with the river run-off and also rather good water exchange
Baidara Bay with an open part of the sea. The Taz Gulf acts as net sinks of dissolved inorganic
phosphorus and nitrogen and as nitrogen-fixing system net. The Yenisei Gulf acts as removal net of
dissolved inorganic phosphorus in the upper layer and production net in the lower layer in summer.
Overall, there is removal net of dissolved inorganic phosphorus in the Yenisei Gulf in summer,
removal net of dissolved inorganic phosphorus for both layers in winter and removal net of dissolved
inorganic nitrogen. The (p-r) estimation indicates that the Yenisei Gulf system is autotrophic net in the
upper layer while the lower layer is heterotrophic net in summer. The Yenisei Gulf is autotrophic net
in both layers in winter. Overall, the Yenisei Gulf is autotrophic.
The results show that the systems of the gulfs act as a sink net of dissolved inorganic phosphorus and
nitrogen. It means, that processes, which occurs in the sea systems have more significant influence on
the nutrient balance than the river run-off.
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Methodology for Polar Low study in the Arctic region based
on satellite passive microwave data
Julia Smirnova1 ,2, Elizaveta Zabolotskikh1 ,2, Leonid Bobylev2, Danil Ivanov1 ,3
1
Russian State Hydrometeorological University,Satellite oceanography Laboratory,
Saint-Petersburg, Russia, 2Nansen International Environmental and Remote Sensing
Center, Saint-Petersburg, Russia, 3Saint-Petersburg State University, SaintPetersburg, Russia
The study of the mesoscale processes, such as polar lows over the Nordic seas has become especially
important due to the significant sea ice decrease in the Arctic Ocean in recent years.
Polar lows are mesoscale, typically 100-1000 km in diameter, maritime weather systems with a
relatively short life time from 3 to 36 hours. The most intense form of polar cyclones make up a small
group referred to as polar lows. Polar low is a small, but fairly intense maritime cyclone that forms
pole-ward of the main baroclinic zone.
The polar lows can have a direct impact on the increased economic activity in the Arctic region. The
polar lows can lead to the increase of marine production. Also they influence on the navigation and
oil-gas industry.
Therefore, one of the most important tasks for science now is an early detection and prediction of
polar lows, investigation of their characteristics and track of their movements. Only the use of
satellite data allows obtaining regular and spacious information about the polar lows.
However the current meteorological observational network has severe limitations in detecting
cyclones, especially small mesoscale cyclones. There is a strong need for new and/or improved
methods to detect and monitor polar lows. Satellite remote sensing seems to be the most feasible
tool for detection and monitoring of the polar lows. Several remote sensing sensors are capable to
detect a polar low but each of them suffers from various deficiencies. In the work, satellite passive
microwave data have been intensively exploited aiming at obtaining the fields of geophysical
parameters inside the polar lows. DMSP SSM/I data were used in the research.
Quantitative fields of geophysical parameters such as total atmospheric water vapour content, inside
the polar lows were built using SSM/I data has estimated from 1995 to 2009 years over the Nordic
seas. The polar lows have been identified on the satellite passive microwave imagery by means of the
analysis of atmospheric water vapour fields. At NIERSC high accuracy Neural Network-based
algorithms for atmospheric total water vapour content retrievals from SSM/I data over the open polar
oceans have been developed tuned and validated (Bobylev et al., 2010). These algorithms were used
for parameters estimation inside the polar lows over the Nordic seas.
The application of such the method is the most attractive in the Polar Regions characterized by low
water vapor, allowing accurate parameter estimation as opposed to tropical areas.
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CLEOPATRA II: Climate effects on planktonic food quality and
trophic transfer in the Arctic marginal ice zone
Janne E. Søreide1, Øystein Varpe1 ,5, Jørgen Berge1 ,4, Tove Gabrielsen1, Ole Jørgen
Lønne1, Stig Falk-Petersen2 ,4, Haakon Hop2, Malin Daase2, Barbara Niehoff3, Martin
Graeve3, Eva Leu3, Daniela Freese3, Nathalie Morata6, Geir Johnsen7 ,1
1
The University Centre in Svalbard, Longyearbyen, Norway, 2Norwegian Polar Intitute,
Tromsø, Norway, 3Alfred Wegener Institute for Polar and Marine Research,
Bremerhaven, Germany, 4University of Tromsø, Tromsø, Norway, 5Akvaplan-niva,
Tromsø, Norway, 6Institut Universitaire Européen de la Mer, Brest, France,
7
Norwegian University of Science and Technology, Trondheim, Norway
A warmer climate with less extensive sea ice cover will lead to higher total primary production in the
Arctic, which has the potential to increase the overall secondary production. However, altered climate
conditions will affect timing, quantity and quality of ice algal and phytoplankton food sources with
extensive implications for grazers. Depending on the grazers ability to adapt to these new conditions,
some species will be selectively favored, resulting in ecological winners and losers.
Here we present an overview of the recently started project Cleopatra II, funded by the Research
Council of Norway (NORKLIMA 2012-15). In this project we will study Arctic zooplankton and their
capability to adapt their life history strategies and physiology to a changing Arctic. We focus on
Calanus glacialis, the key herbivore in Arctic shelf seas, and combine field and laboratory
investigations with model development to ultimately arrive at an improved understanding
of physiological and life history adaptations of Arctic zooplankton. A central element of our approach
is to move towards individual-based zooplankton strategy where states, such as lipid reserves, are
measured at the level of individuals. Through frequent field investigations we will document the full
annual cycle of C. glacialis. We will obtain data that will allow testing of predictions on diapause
duration, critical size of lipid storage, and reproductive success and population abundance of this key
Arctic secondary producer. In laboratory studies, we will obtain fundamental measurements of
metabolism (respiration and enzyme activities) and the diapause-flexibility of C. glacialis, including
testing of predictions on the temperature- and food-dependence of these traits. We will model C.
glacialis life history for specified environments and thereby predict how this and similar species may
respond to climate change in the Arctic.
To summarize this project aim to obtain a better knowledge of Arctic zooplankton physiology and life
history strategies to predict the degree of match/mismatch of key biological processes at the base of
the Arctic marine food web in a changing Arctic.
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Effect of changes in light and food on the metabolism of the
Arctic copepod Calanus glacialis
Nathalie Morata1, Janne E. Søreide2, Barbara Niehoff3
1
Institut Universitaire Européen de la Mer, Brest, France, 2The University Centre in
Svalbard, Longyearbyen, Norway, 3Alfred Wegener Institute for Polar and Marine
Research, Bremerhaven, Germany
Earlier ice retreat will be accompanied by earlier under light penetration and thus earlier onset of the
spring bloom. Those changes will most likely have repercussions on marine organisms' metabolisms.
The goal of this study was to understand how changes in light and food regimes may impact the
metabolism of the herbivorous copepod Calanus glacialis. This large calanoid copepod may comprise
up to 70-90% of the zooplankton biomass in Arctic shelf seas. It reduces its metabolism in winter
(diapause), when food is less abundant, and light is absent. Respiration (as indicator of metabolism)
was measured in C. glacialis CV incubated with either presence or absence of food and light during 10
days in winter (November) and summer (July).
In winter, copepods in diapause quickly responded the first 3 days to exposure to light by increasing
their respiration by a factor of 3, in both, presence and absence of food. Respiration remained high in
the presence of food, but in the absence of food, respiration decreased after 3 days, although never
reaching the initial low diapause values. In the dark, incubated with food, copepods' respiration also
increased, but was never as high as when incubated in light with food. These results suggest that in
winter, light is a major factor to trigger an increase in metabolism and "awake" copepods, but this
metabolism remains high only if food is present. In summer, copepods were more active, and their
basic respiration without light or food, was 4.5 higher than in winter. Exposure to light did not lead to
a similar strong increase in respiration as in winter. In summer, food seems to be the major factor
triggering increase in respiration, although this increase was very small in the dark. In the absence of
food, in both light and dark conditions, copepods started to decrease their respiration. These results
suggest that in summer, when copepods are active, light plays a minor role. If food is present, they
increase their metabolism, but in absence of food, despite presence of light, copepods start to reduce
their metabolism, probably eventually leading to diapause.
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Mass occurrences of strangers. A year round study of
meroplankton in Adventfjorden, Svalbard.
Eike Stübner
The University Centre in Svalbard (UNIS), Longyearbyen, Norway
Seasonal cycles in Arctic meroplankton occurrences is understudied. Regular zooplankton samples
were, for this reason, collected in Adventfjorden between Nov. 2011 and Nov. 2012. Adventfjorden is
a dynamic system where the physical conditions are primarily defined by the West Spitsbergen
coastal current, but influenced by advected Atlantic water and by river run off. Information on the
status of phytoplankton, microbial communities, nutrients and light are available through other
pojects and utilised in this project. Information about the physical environment, taken from nearby
moored instruments, are also used to elucidate the results. The feeding impact of meroplankton
species with mass occurences are calculated using both literature values and data from own feeding
experiments.
Preliminary results indicates that meroplanktonic groups such as cirripeds, bivalvs and gastropods
have mass occurrences at different times of the year. They numerically dominate the zooplankton
community at these times and are thus expected to have a considerable impact on the community
structure and functioning by alterations of food availability for other organisms, through competition,
as predators, and as a food source for larger organisms.
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Moonlit swimming: Reverse diel vertical migration of
macrozooplankton and distribution of nekton during the polar
night.
Clare Webster1, Øystein Varpe2, Eike Stübner3, Katarzyna Blachowiak-Samolyk4, Stig
Falk-Petersen5, Jørgen Berge3, Andrew Brierley1
1
University of St Andrews, St Andrews, Fife, Scotland, UK, 2Akvaplan niva, Tromsø,
Norway, 3The University in Svalbard, Longyearbyen, Norway, 4Institute of Oceanology
PAS, Sopot, Poland, 5Norwegian Polar Institute, Tromsø, Norway
Zooplankton vertical migrations strengthen the biological carbon pump. Macrozooplankton are
particularly important due to their increased capacity to transport carbon but are under-sampled due
to net avoidance. In addition, winter-time studies are rare at high latitudes due to extreme
conditions. This study provides the first quantification of macrozooplankton, micronekton and nekton
vertical distribution during the polar night using a combination of net sampling and acoustics. In midJanuary large trawl nets were deployed in Rijpfjorden, Svalbard (80° 18' N, 22° 15' E) at three depths
(20, 75 and 200 m) day and night and 18, 38 and 120 kHz echosounders simultaneously recorded
backscatter. Macrozooplankton (> 0.5 mm) showed reverse diel vertical migration with abundance
significantly higher at 20 m during the day than at night. Micronekton (crustaceans and squid) and
nekton (fish) had significantly higher abundances at depth (200 m) both day and night and displayed
no diel vertical migration. The full moon rose at night and set during the day. Data are discussed in
relation to predation, light and hydrography.
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Sinking particles (56-1140µm ESD) in the Barents Sea:
Abundance, Biovolume and the link to POC export
Ingrid Wiedmann, Marit Reigstad
University of Tromsø, Tromsø, Norway
The vertical flux of organic material in the Barents Sea has been the subject of several studies in the
past years, resulting in a reasonable understanding of the gross export of particulate organic carbon
(POC), chlorophyll a and fecal pellets. Information on the size spectrum of sinking material is however
still rare, though size plays a crucial role in determining the amount of vertically exported material:
Depending its dimensions, the sinking velocity and accessibility to grazers changes fundamentally for
sinking particles.
The present study is therefore an attempt to extend the knowledge on vertical carbon flux by giving
(1) size spectra of sinking particles, (2) computing the sinking biovolume (in terms of equivalent
spherical volume) and (3) linking the latter one to bulk measurements of POC flux.
We collected sinking particles in free-drifting short term gel traps, which were deployed for 4-5h in
Arctic (78.10°N, 28.13°E), frontal (76.95°N, 29.71°E) and Atlantic water masses (74.91°N, 30.00°E) in
the Barents Sea. In a subsequently conducted image analysis of the gels, we found similar total
numbers of sinking particles (in the size range 56-1140 µm equivalent spherical diameter) at the
Arctic and the Atlantic station. When however converting the number of sinking particles to
biovolume, we found that a much larger volume was sinking at the Arctic station than at the Atlantic
station. Interestingly, our preliminary results also indicate that the POC: biovolume ratio of the sinking
particles was different at the three investigated stations.
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Biodiversity and standing stocks of phyto- and zoobenthos of
rocky shores of Isfjorden an Arctic fjord (Svalbard).
Józef jr. Wiktor, Maria Wlodarska-Kowalczuk, Jan Marcin Węsławski
Institute of Oceanology PAS, Sopot, Poland
Community composition was investigated at 3 localities in Isfjorden (Svalbard) during summers 2009,
and 2010. Samples were collected during ebb tide on 3 tidal levels: low tide level (LW), high tide level
(HW), and in the middle zone (MW). 45 samples were taken - 5 transects of 3 tidal levels at each
locality. Sampling stations were located to represent 3 different zones in the fjord's entrance: just
outside the fjord; in the mouth of the fjord, and inside the fjord. Sampling followed CoML NaGISA
methodology. 38 taxa of macrofauna and macroflora were found (21 and 17 respectively).
Communities at all localities were dominated by Fucus evanescens, accompanied by annual,
filamentous algae - Pylaiella litorallis and Acrosiphonia arcta. Differences between tidal levels were
rather of quantitative nature, than qualitative. Species present inside the fjord were present on the
other two stations. The major component of macrofaunal community were tube dwelling annelids:
unidentified Oligochaeta and Fabricia sabella (Polychaeta), and amphipoda G. oceanicus. On the
contrary inside the fjord L. saxatilis (Gastopoda) were the most abundant. Communities investigated
nearby fjord's mouth were different in number of ways (e.g. number of taxa, total biomass),
comparing to one located inside, where impact of Atlantic Water is believed to be seasonal only. The
innermost station was the poorest in terms of taxa and biomass of vegetation. Deformations of F.
evanescens fronds observed at the innermost station suggests strong influence of ice-scouring.
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