XI-29 Arctic Ocean: LME #64
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The Arctic Ocean LME is centred on the North Pole and is bordered by the landmasses
of Eurasia, North America and Greenland, or more precisely, by the LMEs adjacent to
these landmasses (except for the Canadian Arctic Archipelago, see Figure XI-29.1). It
covers over 6 million km?, of which 2% is protected, and contains 0.2% of the world’s sea
mounts (Sea Around Us 2007). Three prominent ridges (Alpha Mendeleev Ridge,
Lomonossov Ridge and Gakkel Ridge) divide the Arctic basin into four sub-basins. The
LME lies within the domain of the North Atlantic Oscillation. It has a perennial ice cover
that extends seasonally between 60° N and 75° N latitude. Ice cover reduces energy
exchange with the atmosphere, which results in reduced precipitation and cold
temperatures. The LME is subject to rapid climate change with the ice cover shrinking in
thickness and extent. The National Aeronautics and Space Administration (NASA)
reported on 13 September 2006 that, in 2005-2006, the winter ice maximum was about
6% smaller than the average amount over the past 26 years (NASA 2006). The sea ice
extent in September 2007 was about 20-25% below the long-term mean. Additional
reports pertaining to the Arctic Ocean LME are found in UNEP (2004,2005).

I. Productivity

The continental shelf is 100-200 km wide north of Alaska. In Siberia, it can extend to
over 1,600 km in some areas. In winter, the ice pack more than doubles in size,
extending to the encircling landmasses. Water masses typically circulate cyclonically but
the circulation patterns are complex and variable. For more information concerning the
movement of sea ice in this LME, see NASA (1992). NOAA's State of the Arctic Report
is available in PDF format at www.pmel.noaa.gov/. Low temperatures, ice cover and
extreme seasonal variations in light conditions are some of the physical characteristics
that slow down biological processes, limit the productivity of Arctic ecosystems and make
them more vulnerable to contaminants.

The Arctic Ocean primary production strongly depends on the ocean’s sea ice cover
(SIC). Over the last decade, the Arctic SIC extent and thickness decreased dramatically.
The SIC area in 2007 and 2008 was 20-25% smaller than ever before. As the SIC
shrinks, the open water area (OWA) increases, accompanied by increase in primary
production. Since 1998, the Arctic OWA has increased at the rate of 0.07 x 10° km?
year ", resulting in elevated rates of annual primary production in most recent years, with
a 9-year peak in 2006 and the average pan-Arctic primary production of 419 + 33 Tg C
a™ in 1998-2006 (Pabi et al., 2008). The observed interannual variability of the SIC is
believed to be a major factor explaining year-to-year differences in primary production,
whereas SST changes (related to the Arctic Oscillation) and incident irradiance are
considered to be minor factors (Pabi et al., 2008). The total production for the deep
central Arctic Ocean is estimated to exceed 50 Tg C a™* (Sakshaug, 2003).

According to Bluhm and Gradinger (2008), the seven core marine mammals of the Arctic
are: bowhead whale (Balaena mysticetus), beluga (belukha) whale (Delphinapterus
leucas), narwhal (Monodon monoceros), walrus (Odobenus rosmarus), bearded seal
(Erignathus barbatus), ringed seal (Phoca hispida), and polar bear (Ursus maritimus)
Fish fauna is not well studied partly because of the lack of commercial fishery. Among 60
fish species found in the Russian sector of the Arctic are Arctic cisco, European cisco,



muksun (Coregonus muksun), Atlantic whitefish (Coregonus huntsmani), Arctic char,
navaga (Eleginus nawaga) and sheefish (Stenodus leucichthys). Arctic cod are the main
consumers of plankton in the Arctic seas. A bathymetric map is available at
www.ngdc.noaa.gov/

Oceanic Fronts (Belkin et al. 2009)(Figure XI-29.1): Observations of fronts in the open
Arctic Ocean are hampered by perennial ice cover that prevents satellite remote sensing
of fronts in the Arctic Basin. Hydrographic surface and subsurface data collected from
surface vessels, ice drifting stations and submarine revealed a major front in the central
Arctic that separates Atlantic waters from Pacific waters. Until the mid-1990s, this front
was located over the Lomonosov Ridge (LRF). Observations from the late 1990s and
early 2000s have documented a major shift of this front that occurred around 1995.
Since then, the front ran along Mendeleyev-Alpha Ridge (MARF). It is unclear yet if the
front will shift back in the future and if such shifts occurred in the past. In the Nordic Seas,
the water-mass Arctic Front (AF) separates the Greenland and Norwegian Seas, while
the East Greenland Current Front (EGCF) is a shelf-slope front.
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Figure XI-29.1. Fronts of the Arctic Ocean LME. Acronyms: AF, Arctic Front; LRF, Lomonosov Ridge
Front; MARF, Mendeleyev-Alpha Ridge Front. Yellow line, LME boundary. After Belkin et al. (2009).

Arctic Ocean LME, Sea Surface Temperature:
Linear SST trend since 1957: NA°C.
Linear SST trend since 1982: NA°C.

This LME has been excluded from the analysis (after Belkin, 2009) since it is covered by
sea ice almost year round, therefore SST data are deemed severely contaminated by the
sea ice presence.



Il. Fish and Fisheries

The Arctic Ocean LME, along with its surrounding LMEs is unique in that the melting and
freezing of ice creates rich habitats close to the sunlit surface. The wide continental
shelves provide large shallow areas, where freshwater from north-flowing rivers creates
estuarine conditions. There is a limited number of true Arctic species of commercial
importance. Arctic charr (Salvelinus alpinus) occurs throughout the Canadian Arctic, and
have been sighted farther north than any other fish species. In the summer, many stocks
of Arctic charr migrate to the sea, where they have a larger resource base to exploit and
thus are able to grow faster. While at sea, they feed on crustaceans and small fish.
Before winter, these migrants return to the rivers and lakes. Under extreme winter
conditions, they hardly feed at all. Sea mammals abound and are still exploited.
However, the Arctic LME does include waters seasonally ice-free and regularly
commercially fished, both in the Northwest Atlantic (including Davis Strait and Baffin Bay)
and in the Northeast Atlantic (waters north of Iceland and towards Svalbard). Thus,
reported landings in the Arctic Sea LME (Figure XI-29.2) are dominated by catches taken
in the Atlantic waters. These reported landings show a series of peaks and troughs
(Figure XI-29.2). From the 1950s to early 1970s, the catch was dominated by ocean
perch and thereafter by capelin. The highest catch of about half a million tonnes,
consisting mainly of capelin, was obtained in 1996.

Only scattered reports are available for the coastal areas around the Arctic Archipelago
off the coastline of Canada bordering the Arctic Sea LME. This coastal region of the
Arctic Ocean has provisionally been designated as LME 65 (PAME 2007) in Figure XI-
29.1. Booth & Watts (2007) have verified the catches from these areas, as reported by
the Canadian Department of Fisheries and Oceans, from the bottom up, i.e., based on
the size of the human populations in coastal communities, and their seafood consumption
patterns. The resultant estimates of catches, which peaked at over 2,500 t in 1960
(driven by feed requirements for sled-dogs subsequently replaced by the snowmobile as
the major form of transport) before declining to around 600-700 t per year in recent years,
are small compared to the reported landings for the current Arctic LME. Nevertheless,
these catches are significant in terms of true arctic fisheries, and will form the
predominant catches for the anticipated new Arctic Archipelago LME. These data for the
new Arctic Archipelago LME can be found at www.seaaroundus.org.
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Figure XI-29.2. Total reported landings in the Arctic Ocean LME by species (Sea Around Us 2007).



lll. Pollution and Ecosystem Health

Being away from immediate sources of pollution and shipping and fishing activities, the
Arctic Ocean LME is relatively clean and has intact or slightly disturbed ecosystems
(Lystsov 2006).

The Arctic Ocean is a sink for global pollution because of the flow of oceanic and
atmospheric currents. It is a fragile ecosystem threatened by land-based sources of
pollution, particularly POPs and heavy metals (Lystsov 2006), shipping, dumping and the
exploitation of offshore hydrocarbon. The Alfred Wegener Institute for Polar and Marine
Research observed in 2006, the highest air pollution on record since measurements
began in 1991. The orange-brown ‘Arctic Haze’' over the west coast of Svalbard
contained up to fifty micrograms aerosol per cubic metre air in Ny-Alesund—values
usually measured during rush hour in cities and 2.5 times the concentrations measured
there in spring 2000. Increased warming is expected and climatic variability has already
had a significant impact on this LME (AWI 2006). A State of the Arctic Environment
Report is available at www.amap.no /assess/soaer-cn.htm. Ocean currents transport
contaminants into the Arctic Ocean. The main inflow of water is via the Norwegian
Current into the Barents and Kara seas, and via the West Spitsbergen Current through
Fram Strait into the Arctic Ocean. Persistent contaminants bioaccumulate in plants and
animals and their food webs. Fat, or the ability to gather and store energy as a means of
survival during the dark and cold winter, plays an important role in animal metabolism in
the Arctic. Fat increases biomagnification of fat-soluble contaminants, which is
accentuated in many Arctic animals by their long lives. Airborne pollutants can be
deposited on sea ice, which then melts and releases its pollutant load to the ocean
surface waters (see Pfirman et al. 1995 and 1999). Arctic deep water has an extremely
long residence time. Part of the legacy of the Cold War is environmental contamination,
mostly from nuclear tests at Novaya Zemlya but also from nuclear processing plants such
as Windscale/Sellafield, with chemical and radioactive contaminants (such as iodine,
caesium, plutonium and other radioactive isotopes) working their way into the Arctic food
chain. People who rely on marine systems for food resources are at risk.

Endangered marine species include walruses and whales. Fragile Arctic ecosystems are
slow to change and slow to recover from disruptions or a thinning polar icepack. On 15
May 2006 the Guardian reported record amounts of the Arctic ocean failed to freeze
during the recent winter, and that the sea ice reached an all-time low in March, down
some 300,000 square kilometres from 2005 and said that if the cycle continues, the
recovery of ice in winter will no longer be sufficient to compensate for increased melting
in the summer. The low-lying Arctic coasts of western Canada are particularly sensitive
to sea-level rise. Coastal erosion and retreat as a result of the thawing of ice-rich
permafrost are threatening communities, heritage sites, and oil and gas facilities.

IV. Socioeconomic Conditions

The Arctic Circle of 80° N Latitude encompasses parts of Sweden, Finland, Greenland,
Canada, Russia, the USA (Alaska), the Sverdrup Islands and the Svalbard (Spitshergen,
Norway). Human settlement consists of small communities, nomadic groups of
indigenous people, and larger communities residing around a harbour, a factory or a
mineral resource. The Arctic coastal areas are among the most sparsely populated in the
world. The region is facing huge socioeconomic challenges and change. All
communities are dependent on the natural resources of this remote and harsh region.
Hunting and fishing are traditional sources of livelihood. In former times, fur seals and
whales were the object of a major trade. Indigenous groups number 1.5 million out of a
total Arctic population of 10 million. These indigenous groups have shown resilience and
an ability to survive changes in resource availability, but may be less well equipped to



cope with the combined impacts of climate change and globalisation. Ice and fish are
critical to the traditional lifestyle of the indigenous populations. As Achim Steiner,
Executive Director of the UN Environment Programme (UNEP), recently said: “The costs
of climate change are already being paid by the peoples and communities of the Arctic”
(Science Daily, April 11, 2007).

The Arctic economy is a mixture of formal economies (commercial harvesting of fish, oil
and natural gas and mineral extraction, forestry, and tourism) and informal subsistence
economies (the harvesting of natural renewable resources such as seals and whales,
with seals, for instance, providing food, heat, light and clothing). Increasingly, the overall
economy is tied to distant markets. For example, in Alaska, gross income from tourism is
US$1.4 billion. Technological advances and climatic change threaten the tradition of
utilising the environment and its renewable resources for survival. The subsistence
economy enters into conflict with the expanded use of natural resources such as oil, gas,
metals and minerals. The growth of tourism will lead to new and more frequently used
navigation routes.

V. Governance

Sweden, Finland, Greenland, Canada, Russia, the U.S. (Alaska), and Norway (Svalbard-
Spitsbergen) border the Arctic Ocean LME. Russia has the longest coastline,
encompassing five adjacent LMEs (Barents, Kara, Laptev, East Siberian and Chukchi
Sea LMESs). Regional governance is important because of the unique character of this
LME. While the Arctic is made up of several large seas, it is essentially a semi-enclosed
ocean shared by the surrounding countries. The fragility of the Arctic Ocean calls for
reinforced efforts among neighbouring states. The Arctic Region has an independent
Regional Seas Programme that has not been established under UNEP, although it
participates in the global meetings of the Regional Seas, shares experiences and
exchanges policy advice and support to the developing Regional Seas Programmes.

In 1991, the Arctic countries adopted an Arctic Environmental Protection Strategy. In
1996, the Arctic Foreign Ministers agreed to the Ottawa Declaration. The Arctic Council
was founded as an intergovernmental forum for cooperation among national
governments and six Arctic indigenous organisations. In 2000, the Council agreed on a
strategic framework for sustainable development and its economic, social and cultural
aspects. The Arctic Monitoring and Assessment Programme (AMAP) presented a
comprehensive report on the state of the Arctic environment in 1998 (www.amap.no/).
The Programme for the Conservation of Arctic Flora and Fauna has finalised an overview
report on biodiversity and conservation in the Arctic, including its marine areas. The
Arctic Council is also engaged in work aimed at enhancing environmental safety in
connection with the transportation of oil and gas. An expert group on Emergency,
Prevention, Preparedness and Response (EPPR) has prepared a circumpolar map of
resources at risk from oil spills in the Arctic. Also a Working Group of the Arctic Council,
the Protection of the Arctic Marine Environment (PAME) has prepared a regional action
plan for the control of land-based sources of Arctic marine pollution. Climate variability
and change will pose challenges to the future prospects of humans and of nature in the
Arctic. To help address these challenges, the Arctic Council has adopted a new project
on Climate Impact Assessment in the Arctic (ACIA).

References

AMAP (Arctic Monitoring and Assessment Program), State of the Arctic Environment Report at
www.amap.no /assess/soaer-cn.htm.



AWI (2006) Record air pollution above the Arctic. Press release 11 May 2006. Online at
www.awi.de/en/news/press_releases/.

Belkin, I.M. (2009). Rapid warming of Large Marine Ecosystems. Progress in Oceanography, in
press.

Belkin, I.M., Cornillon, P.C., and Sherman, K. (2009) Fronts in Large Marine Ecosystems. Progress
in Oceanography, in press.

Bluhm, B. and Gradinger, R. (2008). Regional variability in food availability for Arctic marine

mammals. Ecological Applications 18(2) Supplement, 2008. pp. S77-S96.

Booth, S. and Watts, P. (2007). Canada’s arctic marine fish catches. In: D. Zeller and D. Pauly
(eds.) Reconstruction of marine fisheries catches for key countries and regions (1950-2004).
Fisheries Centre Research Reports 15(2): 3-15.

Bruemmer, F. and Taylor, W.E. (1985). The Arctic World. Sierra Club books.

Carmack, E.C., Aagaard, K., Swift, J.H., Macdonald, R.W., McLaughlin, F.A., Jones, E.P., Perkin,
R.G., Smith, J.N., Ellis, K. and Kilius, L. (1997). Changes in temperature and contaminant
distributions within the Arctic Ocean, Deep-Sea Research Il 44:1487-1502.

Cooper, L., Beasley, T., Dolvin, S., Grebmeier, J., Kelley, J., Scott, M. and Johnson-Pyrtle, A.
(1998). The distribution of radiocesium and plutonium in sea ice-entrained Arctic sediments in
relation to potential sources and sinks. Journal of Environmental Radioactivity 39(3):279-303.

Coquery, M., Cossa, D. and Martin, J.M. (1995). The distribution of dissolved and particulate
mercury in three Siberian estuaries and adjacent Arctic coastal waters. Water, Air, and Soll
Pollution 80:653-664.

Engelhardt, F.R., ed. (1985). Petroleum effects in the Arctic Environment. Elsevier, Amsterdam,
The Netherlands.

Glassner, M.I. (1990). Neptune’s Domain: A Political Geography of the Sea. Unwin Hyman.

Gorbunov, Yu.A. and Losev, S.M. (1994). Ice drift features in the northern region of the Laptev and
the East-Siberian Seas and the adjacent Arctic Basin in July-September 1993, Scientific

Results of the expedition LAPEX-93. Gidrometeoizdat, S.Petersburg, Russia. (In Russian).

Huntington, H.P., ed. (2000). Impacts of changes in sea ice and other environmental parameters in
the Arctic. Final report on the Marine Mammal Commission workshop, 15-17 February, 2000,

Girdwood, Alaska, United States.

ICES (2000). Report of the Arctic Fisheries Working Group. ICES CM 2000/ACM:3.

International Ocean Atlas Series (2000). Biological Atlas of the Arctic Seas: Plankton of the Barents
and Kara Seas. NOAA/UNESCO.

Johnston, D.M., ed. (1982). Arctic ocean issues in the 1980s, Proceedings of the Law of the Sea
Institute, Honolulu, U.S.

Krutskikh, B.A. (1978). Main dependences of the Arctic Seas regime variability in natural
hydrological periods. Moskva, Russia. (In Russian).

Layton, D., Vaughn, P., Yarrington, L., Maxwell, R., Preller, R., Bean, J., Carroll, J., Fuhrmann, M.,
Rigor, I., and Tucker, W. (1997). Transport of radionuclides in the Arctic seas, in Layton, D,
Edson, R. and Napier, B. (eds.), Radionuclides in the Arctic Seas from the Former Soviet
Union: Potential Health and Ecological Risks. Arctic Nuclear Waste Assessment Program
(ANWAP). United States Office of Naval Research, Washington D.C., U.S.

Lystsov, V.N. (2006). Arctic Ocean, p. 193- 211 in: UNEP/GPA (2006), The State of the Marine
Environment: Regional Assessments. UNEP/GPA, The Hague.

Maslowski, W, Newton, B., Schlosser, P., Semtner, A. and Martinson, D. (2000). Modeling recent
climate variability in the Arctic Ocean, Geophysical Research Letters 27: 3743-3746.

Matishov, G., Zyev, A., Golubev, V., Adrov, N., Slobodin, V., Levitus, S. and Smolyar, . (1998).
Climatic Atlas of the Barents Sea 1998: Temperature, Salinity, Oxygen. NOAA Atlas NESDIS
26, Washington D.C., U.S.

Matishov, G.G. and Pavlova, L.G. (1990). General Ecology and Paleogeography of the Polar
Oceans. Nauka, St Petersburg, Russia.

Matishov, G.G., Timofeev, S.F., Drobysheva, S.S. and Ryzhov, V.M. (1994). The Evolution of the
Ecosystems and Biogeography of the European Arctic Seas. Nauka, St Petersburg, Russia.
Melnikov, S.A. and Vlasov, S.V. (1992). A summary report on contaminant levels in the
compartments of the marine environment of the Arctic Seas in 1990, Contaminant levels in the
compartments of the marine environment of the Arctic Seas in 1990. Arctic and Antarctic

Research Institute, St. Petersburg, Russia.

NASA (1992). Arctic and Antarctic Sea Ice, 1978-1987. Satellite passive-microwave observations

and analysis. Washington D.C., U.S.



NASA (2006) Arctic ice meltdown continues with significantly reduced winter ice cover. 13
September 2006, online news feature at www.nasa.gov/centers/goddard/news/topstory/
2006/seaice_meltdown

NGDC (National Geophysical Data Center) at www.ngdc.noaa.gov/mgg/bathymetry/
arctic/arctic.html.

PAME (2007). Program for the Protection of the Arctic Marine Environment. Working Group
Meeting Report No: 1-2007. March 6-7, 2007, Copenhagen, Denmark.

Pauly (2005). The Marine Trophic Index. www.seaaroundus.org/doc/saup_manual.htm#19

Pfirman, S., Crane, K., Kane, K. and Simoncelli, T. (1999). The Arctic at Risk: A Circumpolar Atlas
of Environmental Concerns. Defense Fund, New York, U.S.

Pfirman, S., Eicken, H., Bauch, D. and Weeks, W.F. (1995). The potential transport of pollutants by
Arctic sea ice. Science of the Total Environment 159:129-146.

Pharand, D. (1986). L'Arctique et le droit international de la mer, in L'Arctique: Espace strategique
vital pour les grandes paissances. Centre Quebecois des Relations Internationales, Colloque
d'etudes strategiques et militaires, Canada.

PMEL (Pacific Marine Environmental Laboratory) at www.pmel.noaa.gov/pubs/PDF/rich2952
Irich2952.pdf

Rey, L., ed. (1982). The Arctic Ocean: The Hydrographic Environment and the Fate of Pollutants.
Macmillan, London, U.K.

Sakshaug, E. and Holm-Hansen, O. (1984). Factors governing pelagic production in polar oceans,
p 1-18 in: Holm-Hansen, O., Bolis, L. and Gilles, R. (eds.), Marine Phytoplankton and
Productivity. Springer Verlag, Berlin, Germany.

Sakshaug, E. and Skjoldal, H.R. (1989). Life at the ice edge. Ambio 18:60-67.

Sakshaug, E., Hopkins, C.C.E. and Oritsland, N.A. (1991). Proceedings of the Pro Mare
Symposium on Polar Marine Ecology, Trondheim, Norway. Polar Research 10:1-662.

Science Daily. 2007. IPCC Report — The Arctic: Thawing Permafrost, Melting Sea Ice and More
Significant Changes. UNEP, Intergovernmental Panel on Climate Change, April 11, 2007
online at www.sciencedaily.com/releases/2007/04/070410140922.htm

Sea Around us (2007). A Global Database on Marine Fisheries and Ecosystems. Fisheries Centre,
University British Columbia, Vancouver, Canada.
www.seaaroundus.org/lme/Summaryinfo.aspx?LME=64

Skjoldal, H.R. (1990). Management of marine living resources in a changing ocean climate p 1-7 in
Papers presented on the session "Research on natural resources management" of the
Conference "Sustainable Development, Science and Policy", Bergen 8-12 May 1990. Bergen
Foundation of Science Rep. No. BFS A90005.

UNEP (2004). Pedersen, S.A., Madsen, J. and Dyhr-Nielsen, M. Arctic Greenland, East Greenland
Shelf, West Greenland Shelf, GIWA Regional Assessment 1b, 15, 16. University of Kalmar,
Kalmar, Sweden. www.giwa.net/publications/rlb_15 16.phtml

UNEP (2005). Tsyban, A.V., Titova, G.D., Shchuka, S.A., Ranenko, V.V. and lIzrael, Y.A. Russian
Arctic, GIWA Regional Assessment 1la., University of Kalmar, Kalmar, Sweden.
www.giwa.net/publications/rla.phtml



	XI-29 Arctic Ocean: LME #64
	Being away from immediate sources of pollution and shipping and fishing activities, the Arctic Ocean LME is relatively clean and has intact or slightly disturbed ecosystems (Lystsov 2006). 




