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PREFACE

The polar regions are the most frigid, desolate, and seemingly inhospitable places
on the earth. To many people, the polar regions are simply a frozen wasteland that
offers little but danger and treachery, while others see only the Arctic for its riches
in natural resources. Some people view the frozen lands as a tranquil, captivating,
and awe-inspiring place of wonder. Still others have been calling the Arctic home
for thousands of years. This interdisciplinary two-volume alphabetically organized
encyclopedia has about 350 entries covering polar region topics within the humani-
ties (history, linguistics, and religion); social sciences (archaeology, anthropology,
indigenous studies, economics, geography, political science, and sociology); natu-
ral sciences (space sciences, earth sciences, life sciences, chemistry, and physics,
especially astrophysics); and the applied sciences (environmental studies and for-
estry, law, military sciences, and transportation).

This encyclopedia covers the Arctic and Antarctic lands, including the aban-
doned, uninhabited, and presently inhabited places in the Arctic, the disputes be-
tween countries over the various lands and island territories, and the continental
shelf ownership. The Canadian Archipelago, Franz Josef Land, New Siberian
Islands, Hershel Island, and Greenland in the Arctic are discussed. Some of the
Antarctic geographic places include the Antarctic Circle, Antarctica Ice Sheet, Ant-
arctic Peninsula, East Antarctica, Transantarctic Mountains, Antarctic volcanoes,
West Antarctica, Vinson Massif, Lake Vostok, the Lambert Glacier, and the Paulet,
Ross, South Sandwich, and Snow Hill Islands to name only a few.

The original inhabitants of the Arctic region are the central feature of this work.
The Northern indigenous groups’ history, ways of life (past and present), and world
view are highlighted throughout the work. The various cultures of the Northern
indigenous people include the Aleuts/Unangax, Chukchi, Dolgans, Enets, Eski-
mos, Evens, Evenks, Eyak, Gwich’in, Inuit, Ket, Khanty, Koryak, Mansi, Nenets,
Nganasan, Sami, Selkup, Siberian Yup’ik, and Yukaghir, which provide a unique
window into Arctic life throughout time. The sociopolitical issues of the Northern
indigenous groups within their respective countries and the world are examined.
Some examples are the recent Inuit lawsuits over climate change, sovereignty and
policy issues (past and present), and present political realities for the Northern in-
digenous groups.

Mixed in the entries are the early Europeans expeditions to the polar regions.
Some of the first explorers are highlighted as are the 3 major Arctic expeditions
and the 16 major expeditions that make up the Heroic Era of Antarctic Exploration.

Xi
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The explorers and their triumphs and tragedies are highlighted. Some explorers are
well known (Amundsen, Bartlett, Cook, Nordenskjold, and Shackleton) and oth-
ers are not so well known (Crean, Klénova, Henson, and Gerritsz). The commonly
known expedition tragedies are discussed as well as lesser known ones, such as the
lost patrol, the Eskimo Coast disaster of 1885, B52G Stratofortress crash of 1968,
the Lena Massacre of 1912, the human impacts on the Antarctic wilderness, the
radioactive iodine (I-131) human experiments in Alaska, and the Ogotoruk Creek,
Alaska radioactive tracer experiment.

The polar regions are the lands of unique animals. Some of the unique animals
that live in the polar regions include the Arctic fox, Arctic ground squirrel, Arctic
hare, Arctic salmon species, caribou, lemmings, musk oxen, polar bear, and wol-
verine. The grolar bear species is also highlighted as well as human’s use of ani-
mals for subsistence and dogs in the Arctic. Prehistoric animals such as dinosaurs
and Mesozoic marine reptiles that once roamed the Antarctic region are included.
The prehistoric animals of the Arctic include the baby woolly mammoths, woolly
mammoth, Yukaghir mammoth, and even a ginger mammoth. There was even an
Arctic camel.

The various birds unique to each of the polar regions include Antarctic penguins
(Adélies, chinstrap, emperor, gentoo, king, macaroni, and rockhopper);, Arctic sea-
birds; seals from both polar regions, such as the Antarctic fur, bearded, crabeater,
harp, hooded, leopard, ribbon, ringed, ross, southern elephant, spotted, and Weddell
seals; and many songbirds (Arctic redpoll, Lapland longspur, snow bunting, etc.)
and birds of prey (gyrfalcon, snowy owl, etc.) that are characteristics of the Arctic.
Special attention is given to how animals survive in the frozen lands.

Beside seals, the other marine mammals of the polar regions include the beluga,
bowhead, Gray’s beaked, gray, humpback, long-finned pilot, narwhal, northern
bottlenose, southern bottlenose, southern right, and sperm whales. Also included
are the Orca and two sharks (Pacific sleeper and the Greenland shark). Whaling is
discussed as is a tragic whaling fleet disaster in 1871 in Alaskan waters. The spe-
cial nature parks and reserves for the Arctic wildlife, such as the Arctic National
Wildlife Refuge (ANWR), Bylot Island Migratory Bird Sanctuary, Chamisso Wil-
derness, Gates of the Arctic National Park and Preserve, Northeast Greenland Na-
tional Park; Lena Delta Wildlife Reserve, Tuktut Nogait National Park, and Vuntut
National Park of Canada are discussed. There are also international laws protecting
the polar regions, such as the Protocol on Environmental Protection to the Antarctic
Treaty and the United Nations Convention on the Law of the Sea.

Throughout this encyclopedia, the main characteristic of the polar region is ice.
Topics covered include ice shelves in both polar regions. The Antarctica Ice Sheet
is covered extensively through many entries. Entries are also focused on how ice
cores are collected and analyzed, and provide a glimpse into the earth’s past cli-
mates. The classification and monitoring of icebergs as well as how ice is formed
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are included in the discussion. The polar desert and the ice domes Argus, Char-
lie, and Fuji (Valkyrie) are unique features of Antarctica as is the Arctic drifting
ice stations. There are even entries on pink snow, Blood Falls Glacier, and a boat
made of ice and saw dust called “Pykrete.” Ice worms, the hibernating abilities of
the Arctic wholly bear caterpillar, and the microbial critters’ survival in the cryo-
sphere are also discussed.

The flora of the polar regions are considered, with topics such as Arctic botany,
Arctic shrub range expansion, benthic community, climate change and invasive
species proliferation in the Arctic, and tundra. Another unusual topic is the snow-
less McMurdo dry valleys of East Antarctica. In addition to these traditional top-
ics, the encyclopedia covers general science knowledge about the polar regions,
such as the three definition of the Arctic, boreholes, pingo formation, magnetic
field and longitude, radioactivity in the Arctic, cryoprotectorants, Erebus crystal
formation, polar night, and the midnight sun. Unique science topics include how
to launch a rocket, the freezing point of a chemical substance, and meteorites in
Antarctic.

The marginal seas of the Arctic and Antarctic are covered in detail. These include
the Amundsen, Bellingshausen, Ross, and Weddell Seas as well as the Barents,
Beaufort, Chukchi, East Siberian, Greenland, Kara, and Laptev Seas. The disputes
linked to these seas are also discussed, such as the Arctic shipping, the Beaufort
Sea dispute, sector principle in the Arctic, and the Northwest Passage claims and
disputes. Beneath the seas are also examined such as the Arctic basin and the con-
tinental shelf claims in the Arctic. The rivers and watersheds flowing into these
marginal seas are included, such as the Colville, Indigirka, Kolyma, Khatanga,
Lena, Yana, Ob, Pechora, Yenisey, Mackenzie, and Yukon Rivers. The effects of
human’s interactions on these waters are discussed with such entries as environ-
mental legacy of Novaya Zemlya, nuclear waste in the Arctic, the nuclear tests at
Novaya Zemlya, and the sunken Soviet/Russian nuclear submarines.

The various human activities taken place in polar regions are also highlighted,
such as the growing tourist industry, the effects of natural resource extraction/
development, and influence of climate change on Arctic and Antarctic ecosys-
tems. The polar institutes and the research being conducted in the polar regions
are discussed. Some of the research stations and institutes included are the Al-
fred Wegener Institute, Amundsen—Scott South Pole Station, Bharati Research
Station, Dirck Gerritsz laboratory, King Sejong Antarctic Station, and Vostok
Station.

Lastly, the encyclopedia also covers topics above the land and seas and include
atmospheric and astrophysics topics such as Arctic air pollution, Arctic haze,
atomic detonations and weapons in the Arctic, aurora australis, aurora borealis,
aurora sound, auroral substorm, grasshopper effect, geospace, incoherent scatter
radar, the polar ionosphere, rocket ranges in the Arctic; solar energetic protons
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(SEPs), solar winds, and space weather. The effect of climate change and the in-
troduction of invasive species, melting of permafrost, ice caps, and glaciers are
examined. Lastly, it is hoped this work will result in people having a better appre-
ciation of the polar regions and even inspire young minds to become a researcher
in the polar regions.

Andrew J. Hund



INTRODUCTION

Polar regions are considered to be the most frigid, desolate, and seemingly in-
hospitable places on earth. Light and temperatures are extreme and ever chang-
ing throughout the year. Summers are short and winters are long, and most of the
Arctic terrain consists of large mountain ranges separated by enormous distances
that consist of fields of tundra, glaciers, and impassable river systems, which rest
atop large areas of permafrost. Antarctica is barren and predominately ice covered.
To many people, the polar regions are simply frozen wasteland that offers little
but danger and treachery. To others, the frozen lands are tranquil, captivating, and
awe-inspiring places of wonder. Some value the Arctic solely for its abundance of
natural resources for capital gain, while others value the Arctic as a sacred, inter-
connected ecosystem that must be protected to maintain a natural/subsistence way
of living that has sustained peaceful polar societies for thousands of years. Modern
science has also revealed that diverse plant and animal species had developed so-
phisticated genetic adaptations to survive in the polar regions. Invariably, the study
of polar regions contributes to a vast and fascinating repertoire of human knowl-
edge that beckons further study and seemingly serves as a self-perpetuating source
of inspiration for learning in several different areas.

The study of polar regions offers a rich historical account of early inhabitation,
exploration, and trade in Arctic and Antarctic regions. The Northern indigenous
people were the first humans to settle in and call the Arctic home. After that, the
earliest explorers to the Arctic were the Vikings, who voyages pre-dated those of
other Europeans by several hundred years. Erik the Red is perhaps the most fa-
mous Viking known to have traveled to Greenland around 982, even though other
Norsemen are believed to have traveled to Greenland prior to that time. European
Exploration into the polar regions started during the “Age of Discovery,” or what
is sometimes called the “Age of Exploration.” The Age of Discovery began in the
early fifteenth century and ended in the seventeenth century, a period that repre-
sented a noteworthy span of time between the Middle Ages and the Modern Era.
This time period started around 1453, when the Ottoman Empire captured Con-
stantinople. In 1494, the Treaty of Tordesillas was signed, and with it, the trade
links between Europe and Asia were cut off. With the loss of access to the profit-
able Asian markets, Europeans began exploring the world by sea and land with the
intention of locating new trade routes to Asia.

During the Age of Discovery, attempts to travel and explore every corner of
the world were undertaken, and with these attempts, a wealth of new cartographic

Xv
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knowledge was gained. This new knowledge was distributed widely via Johann
Gutenberg’s (1395-1468) invention of the printing press in 1452. New maps and
knowledge about the world included the Americas, Oceania, and the polar regions.
The new information about the existence of these other largely unexplored parts of
the world captured popular imagination and inspired expeditions, some described
of a heroic nature. Those persons willing to travel to largely unexplored regions
of the world commonly lacked the necessary resources and were thus dependent
on governments and wealthy benefactors for providing the vessels, supplies, and
men to carry out the expedition. Nations and benefactors sought a return on their
investment in the form of precious metals (e.g., gold and silver) and trade goods
(e.g., tea, silk, textiles, and spices).

A trade route to Asia that would bypass the Ottoman Empire was highly desired
by the Europeans because the journeys around Africa or South America, though
possible, were extremely time consuming. Naturally, European merchants sought a
shorter trade route. At the time, the two possible shorter alternate trade routes were
the Northwest and Northeast Passages. These routes had not yet been established,
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so many explorers were sent out with the distinct goal of locating these passages.
In 1497, King Henry VII of England enlisted John Cabot (1450-1499) to search
for the Northwest Passage. The Northwest Passage is a series of Arctic maritime
passages from the Atlantic to the Pacific running through the northern waters of
Canada and North America (Alaska). The Europeans also sought to find a suitable
Northeast Passage, that is, a trade route from Atlantic and Pacific over northern
Russia. One of the first to locate the Northeast Passage was the Englishman Hugh
Willoughby in 1553.

Navigating the Arctic waters for an Asian trade route proved to be more of a
challenge than the Europeans had envisioned. Early explorers who searched un-
successfully for the Northeast and Northwest Passages were Richard Chancellor
(1533), Martin Frobisher (1576), John Davis (1587), Willem Barentsz (1554), John
Hearne (1769), Semyon Dezhnev (1648), James Cook (1776), and George Van-
couver (1793). Notable Northwest Passage expeditions included the Baffin (1616),
Foxe (1632), and Middleton (1746) explorations. During the eighteenth and nine-
teenth centuries, other expert land and sea explorers continued to search for the
northern maritime passages, including Joseph Billings (1785), William Edward
Parry (1819, 1821, and 1827), Peter Warren Dease (1836—1839), Ferdinand Petro-
vich Wrangel (1820), Pyotr Fyodorovich Anjou (1820), and John Ross (1829). All
failed to locate an Asian trade route. Collectively, these early polar explorers ex-
perienced extreme weather conditions and were mostly ill-prepared for traveling,
which resulted in unnecessary mishaps, tragedies, and even death from various ill-
nesses (e.g., scurvy, starvation, and exposure to the cold).

In 1851, Robert McClure (1807-1873) was credited with being the first to dis-
cover the Northwest Passage, but his route was not passable. In 1854, John Rae
(1813-1893) discovered a usable passage. In 1845, the Franklin Expedition under
the command of John Franklin (1786—1847) attempted to navigate the passage, but
the vessels HMS Erebus and HMS Terror became trapped in the ice, and the crews
of about 130 men perished by the late 1840s. The search for Franklin and his crew
was monumental and helped popularize the dangers and adventure of Arctic ex-
ploration. Some of the Franklin search expeditions were the Rae—Richardson Polar
Expedition and the expeditions led by James Clark Ross and William Pullen, all
in 1848; and those led by Saunders in 1849; Horatio Austin, Erasmus Ommaney,
William Penny, and John Ross in 1850; Edward Belcher and Edward Augustus
Inglefield in 1852; John Rae in 1854; and Francis Leopold McClintock in 1857.

The Northwest and Northeast Passages were not successfully crossed until the
early twentieth century. In 1906, Roald Amundsen and his crew of six spent three
years successfully navigating through the Northwest Passage in the small ice-for-
tified fishing ship, the Gjga. Boris Vilkitsky (1885-1961) was the first captain to
successfully lead a Russian expedition from Vladivostok to Arkhangelsk with the
icebreaker vessels Taymyr and Vaygach, in 1915. In 1909, Robert Peary became
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the first person to reach the North Pole (90° N). Unfortunately, Peary’s North Pole
accomplishment is accepted only by some.

During the Age of Discovery, a great deal of knowledge about the Arctic was
discovered with less known about Antarctica. A significant reason for this was
that Antarctica did not have a trade route nor did it lead to the prized Asian mar-
kets. Early exploration in Antarctica was limited to whalers and the occasional
explorers. Some early explorers to venture near Antarctica included Ferdinand
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Magellan (1520), Anthony de la Roché (1675), James Cook (1773), and James
Clark Ross (1839-1843). The first explorers to discover Antarctica were Fa-
bian von Bellingshausen, Edward Bransfield, and Nathaniel Palmer in 1820. An
American sealer and captain, John Davis, is believed to have been the first per-
son to set foot on Antarctica in 1821. The next confirmed people to set foot on
Antarctica included Alexander von Tunzelmann, a New Zealander, and Henrik
Johan Bull and Carsten Borchgrevink, both from Norway. They landed in 1895,
74 years after Davis.

In 1895, the Sixth International Geographical Congress (1895) passed a general
resolution claiming that Antarctic was the last unexplored area on the earth. The
European countries were no longer searching for trade routes, so the focus became
showcasing the honor, status, and prestige of a particular country. In short, the ex-
plorations to Antarctica served nationalistic purposes. The resolution of the Sixth
International Geographical Congress sparked nationalistic rivalries and launched
16 major expeditions, as well as numerous scientific and geographical quests. Some
of the early vessels became ensnared in the ice, trapping them for extended periods
of time or even crushing them. Media coverage of the Antarctic explorations and
tragedies popularized and highlighted the difficult and seemingly hopeless rescue
missions in the harsh frozen Antarctic region as well as personified individual cour-
age, bravery, and, at times, impetuous actions. These reports made heroes of the ex-
plorers and helped solidify the idea that the polar regions were a place for ensuring
bravery, manhood, and even bravado. The primitive nature of modes of transporta-
tion and technology used during these early expeditions resulted in heroic feats of
human endurance. Collectively, the expeditions resulted in 17 people losing their
lives (13 died during service and 4 from expedition-related illnesses). This period
of time in Antarctic history is called the “Heroic Age of Antarctic Exploration”
and lasted roughly 20-25 years. Nonetheless, the politics of early exploration and
discovery in polar regions offers a treasure trove of excitement for connoisseurs of
ironic accounts of history, survival, and heroic adventure.

The heroic age ended with the Imperial Trans-Antarctic Expedition or Endurance
Expedition (1914-1916) or with Shackleton’s death during the Shackleton—Rowett
Expedition (1921-1922). The achievements during the heroic age were consider-
able in regard to gaining scientific knowledge and in the mapping and exploration
of coasts and the interior of Antarctic, and also saw the reaching of the South Pole
and the traversing of numerous ice shelves, mountains, volcanoes, and glaciers.
After this time period, the explorers commonly used modern machinery for explo-
ration and expeditions.

During the 1940s and 1950s, activities in the polar regions were primarily mili-
tary based. For example, the U.S. Navy directed several operations in the Antarctic, such
as Highjump (1946-1947), Windmill (1947-1948), and Deep Freeze (1955-1956).
In 1943, the British military conducted Operation Tabarin” After World War II,
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the U.S. military regarded the Arctic as a vitally and strategically important region
for U.S. defense forces. The U.S. military conducted Operation Chrome Dome and
Operation Iceworm, and set up the DEW line and conducted nuclear tracer and ra-
dioactive iodine experiments in rural Alaska. These military operations during and
after World War II and into the Cold War set a hostile tone over the polar regions,
which fortunately thawed at the end of the Cold War.

Modern exploration of polar regions focuses on social, environmental, and nat-
ural resource research. For example, the effects and influence of climate change,
rapid economic growth, and technological advances on terrain, plants, animals,
and humans in polar regions are of considerable interest. The changes in the well-
being of indigenous people are of concern and interest to indigenous people and
scientists alike. In addition, modern Antarctic and Arctic regional exploration
primarily centers on the use of natural resources and the generation of scientific
research.

Antarctica and the Arctic Circle: A Geographic Encyclopedia of the Earth’s
Polar Regions is an interdisciplinary encyclopedia that covers the past and present
of the polar regions through topics within the humanities (history, linguistics, and
religion); social sciences (archaeology, anthropology, indigenous studies, econom-
ics, geography, political science, and sociology); natural sciences (space sciences,
earth sciences, life sciences, chemistry, and physics, especially astrophysics); and
the applied sciences (environmental studies and forestry, law, military science, and
transportation). It is designed to provide a holistic view of the past and present as
well as future directions in polar research. The entries in this work redesigned to
raise curiosity in readers to further explore the lands, cultures, animals, plants, and
anything else that can be envisioned and discovered of interest in polar regions.

In the book, The Worst Journey in the World (1922), Apsley George Benet
Cherry-Garrard (1886—-1959) sums up polar exploration as follows:

Polar exploration is at once the cleanest and most isolated way of having a bad
time which has been devised . . . There are many reasons which send men to
the Poles, and the Intellectual Force uses them all. But the desire for knowl-
edge for its own sake is the one which really counts and there is no field for
the collection of knowledge which at the present time can be compared to the
Antarctic. Exploration is the physical expression of the Intellectual Passion.
And I tell you, if you have the desire for knowledge and the power to give it
physical expression, go out and explore. If you are a brave man you will do
nothing: if you are fearful you may do much, for none but cowards have need
to prove their bravery. Some will tell you that you are mad, and nearly all will
say, “What is the use?” For we are a nation of shopkeepers, and no shopkeeper
will look at research which does not promise him a financial return within a
year. And so you will sledge nearly alone, but those with whom you sledge
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will not be shopkeepers: that is worth a good deal. If you march your Winter
Journeys you will have your reward, so long as all you want is a penguin’s egg.

May those who read from this book experience the joy of exploring their own quest
for knowledge of polar regions; may you each find your own penguin’s egg!
Andrew J. Hund
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1911-1914
1912
1913-1918
1914-1917
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1921-1922
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1928 and 1948
1932-1933
1938-1939
1946

1950

1953
1955-1957

1957
1958

1959
1960

1960
1961

1961
1961-1968
1962
1962-1972
1965-2003
1966
1968
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1970

Australasian Antarctic Expedition
Lena Massacre

Canadian Arctic Expedition

Imperial Trans-Antarctic Expedition
Arctic and Antarctic Research Institute
Shackleton—Rowett Expedition
National Petroleum Reserve—Alaska (NPR-A)
Sector Principle in the Arctic
Norwegian Polar Institute
International Polar Years (IPY)
German Antarctic Expedition
Operation Nanook

International Geophysical Year

Inuit Arctic Relocation

Radioactive Iodine (I-131) Human Experiments in
Alaska

Russian Antarctic Vostok Station

United Nations Convention on the Law of the Sea (UN-
CLOS) 1

Antarctic Treaty System

United Nations Convention on the Law of the Sea (UN-
CLOS) II

South African National Antarctic Expedition (SANAE)

Protocol on Environmental Protection to the Antarctic
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Ogotoruk Creek, Alaska Radioactive Tracer Experiment
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1971 Alaska Native Claims Settlement Act

1971-1981 Climate, Long-Range Investigation, Mapping, and Pre-
diction (CLIMAP) Project

1972 Northeast Greenland National Park

1973 Lincoln Sea Dispute

1973 Distant Early Warning Line

1973 Lomonosov Ridge Claims

1973 United Nations Convention on the Law of the Sea (UN-
CLOS) 1T

1973- Hans Island Dispute

1975 Chamisso Wilderness

1975 Toolik Field Station

1975- United States Bases in Greenland

1980 Arctic National Wildlife Refuge (ANWR)

1980 Gates of the Arctic National Park and Preserve

1981 Georg von Neumayer Station, Neumayer Station, Neu-
mayer III Station

1985 Lena Delta Wildlife Reserve

1988 King Sejong Antarctic Station

1989 Polar Research Institute of China (PRIC)

1989 Zhongshan (Sun Yat-sen) Station

1990 Troll Station

1992 Arctic drifting ice camp “Weddell-1”

1993 Arctic Council

1993 Barents Euro-Arctic Council

1995 Vuntut National Park of Canada established

1996 Laponian Area

1996 Tuktut Nogait National Park established

1997 Zackenberg Research Station

2001 University of the Arctic (UARCTIC)

2004 Tlulissat Icefjord

2004 Natural System of Wrangel Island Reserve

2004 Agreement on the Conservation of Albatrosses and

Petrels
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2006
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2008-
2010

2012

2013

Association of Polar Early Career Scientists (APECS)
International Polar Years (IPY)

Ilulissat Declaration

Inuit Lawsuits over Climate Change

Putorana Plateau

Bharati Research Station

Dirck Gerritsz Laboratory, the Netherlands



Abandoned Arctic Islands

There are hundreds, if not thousands, of uninhabited islands in the Arctic Circle
with only about 100 being inhabited islands. There are several formerly inhabited
islands in the Arctic Circle, which are now abandoned for various reasons. These
islands are found in Canada (Herschel Island, Somerset Island, and Devon Island),
Greenland (Alluttoq Island and Qeqertarsuaq), Norway (Edgegya, Svalbard, and
Skorpa), and Russia (Wrangel Island).

Herschel Island (Canada)

Herschel Island (69° 35'N 139° 5'W) is an uninhabited island located in the Beaufort
Sea about 3 miles (5 km) off the Yukon Territory coast and 45 miles (72 km) east
of the Alaskan mainland. The total area of Herschel Island is 45 square miles (116
sq. km). The island is 9.3 miles (15 km) long and 5 miles (8 km) wide. The highest
point is 596 ft. (182 m) and the dominant terrain is tundra. The Western Canadian
Inuit (Inuvialuit) still use the island for subsistence activities, such as gathering,
fishing, whaling, and hunting. Archaeological evidence suggests that the Herschel
Island was first inhabited by the Thule and Inuit people over 1,000 years ago.

Sir John Franklin is credited with being the first European to discover the island.
The island was named on July 15, 1826. Due to vague note-taking by Franklin, there
is some confusion as to whom the island was named after, which could be one of
three people from the Herschel family (e.g., Sir William Herschel, Caroline Her-
schel [sister of William], or Sir John Herschel [son of William]). Upon Franklin’s
arrival, there were three Inuvialuit settlements on the Island, with the population
ranging from several hundred to about 2,000 Inuvialuit.

In the late nineteenth century, the Beaufort Sea was found to have one of the few
remaining larger populations of bowhead whales, which were valued in Europe for
their oil, blubber, and baleen. The whaling season in the Arctic is short resulting in
whalers overwintering to maximize the small harvest season. Herschel Island was
selected as a settlement because it was close to the whales and was an adequate
harbor for the whaling vessels. Pauline Cove was the first European American set-
tlement in 1890. Whaling in the Beaufort Sea peaked in 1893—-1894, with a popu-
lation of more than 1,500 people involved in the process. Most people lived on the
whaling vessel, and there were only a few frame buildings constructed on land. In
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1893, the Pacific Steam Whaling Company (PSW Co.) built a community house at
Pauline Cove. PSW Co. loaned the house to the Anglican Church, in 1896. The first
Anglican missionary to visit the island was Isaac Stringer (1866—1934) in 1893. In
1896, he returned to the island where he remained until 1901. The Anglican Church
utilized the community house until 1906. The Hudson Bay Company established a
trading post, warehouse, and various other buildings in 1915, which operated until
1937. The Northern Whaling and Trading Company later constructed commerce-
related structures on the island, in 1926.

The first Royal Canadian Mounted Police (RCMP) officer assigned to Herschel
Island was Francis Joseph Fitzgerald (1869-1911), in 1903. It was the northernmost
RCMP detachment. In 1904, Fitzgerald along with Constable Forbes Sutherland es-
tablished an RCMP subdistrict post on Herschel Island. Fitzgerald later died on the
famous Lost Patrol in 1910. The following year, the RCMP purchased all of PSW
Co. assets on Herschel Island. This community house is still standing and is used as
a visitor center and park office. In 1918, police officer Alexander Lamont died from
typhoid fever making him the first Royal Northwest Mounted Police to die while on
duty. The RCMP Herschel Island post operated from 1903 to 1933. The command
of post was transferred from the Western Arctic to the Aklavik, in 1931. The post
was reopened in 1948 on a seasonal basis until it was permanently closed in 1964.

Herschel Island was the site for the first jury trial in the Canadian Arctic, in 1924.
It was a murder trial involving two Western Canadian Inuit men. The court repre-
sentatives were from Edmonton, and the jury was selected from Fort McPherson
(67° 26'N 134° 52'W) and modern-day Tsiigehtchic (67° 26'N 133° 44'W). The
two Western Canadian Inuit were found guilty and hanged.

Herschel Island was designated as a Canadian National Historic Site in 1972. In
1978, the Western Canadian Inuit and the Canadian government made an agreement
on land claims. In 1984, Herschel Island was included in the Inuvialuit Settlement
Region, which was designated in the Inuvialuit Final Agreement. In accordance
with the Inuvialuit Final Agreement, the Yukon government created Herschel Is-
land Territorial Park, in 1987, which is jointly managed between the Yukon gov-
ernment and the Western Canadian Inuit to protect the cultural resources of the
island. The last family to inhabit Hershel Island was the Mackenzie family, who
left in 1987. In modern times, Herschel Island is partly a national park and tourist
destination. The cultural resources of Herschel Island are presently threatened by
global warming.

Somerset Island (Canada)

Somerset Island (73° 15'N 93° 30'W) is located in the Canadian Arctic Archipelago
between Prince of Wales Island and Baffin Island. To the east is the Peel Sound and
to the west is Prince Regent Inlet. South of Somerset Island is Boothia Peninsula,
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which is separated by the narrow 1.2-mile (2-km) wide and 15-mile (25-km) long
Bellot Strait, while north Somerset Island is bordered by the Barrow Strait. The
uninhabited Somerset Island is approximately 9,500 square miles (24,800 sq. km).
Archaeological evidence suggests that the Thule people have inhabited the island
since at least AD 1,000. The first European to sight the island was William Edward
Parry (1893-1972), in 1819. James Ross Cook (1800-1862) was the first to land
and winter on Somerset Island in 1848, while searching for Franklin and his lost
crew. The location was Port Leopold (73° 50'N 90° 19'W). In 1937, the Hudson
Bay Company established a trading post at Fort Ross. Fort Ross was located on the
southeastern end of Somerset Island on the Bellot Strait. Fort Ross was the last fort
of the Hudson Bay Company and closed in 1948. After the closing of Fort Ross,
Somerset Island was uninhabited.

Devon Island (Canada)

Devon Island (75° 08'N 87° 51'W) is located in the Canadian Arctic Archipelago
of the Qikiqtaaluk Region, Nunavut, Canada. It is surrounded by Ellesmere Island
to the north, Baffin Bay to the west, the Lancaster Sound and Bylot Island to the
south, Cornwallis Island and Wellington Channel to the east, and the Norwegian
Bay to the northwest. At more than 21,000 square miles (55,000 sq. km), Devon
Island is considered the largest uninhabited island in the world. There are several
small mountain ranges on Devon Island, including Cunningham, Haddington, and
Treuter Mountains. The Treuter Mountains are part of the Devon Icecap. The first
European to see the island was Robert Bylot, in 1616. The island was not charted
until 1819-1820 by William Edward Parry (1893-1972). In 1924, a government
outpost was established at Dundas Harbor (74° 31'N 82° 23'W) to protect foreign
vessels from taking whales. The Hudson Bay Company leased the outpost in 1933.
Due to a drop in fur prices, the 53 Inuit families from Cape Dorset were relocated
to the island, in 1934. The harsh conditions of Devon Island resulted in the Inuit
returning home a couple of years later. In the late 1940s, Devon Island was again
inhabited with the arrival of an RCMP detachment that remained until 1951. The
RMCP detachment was relocated to and reopened the Craig Harbor outpost
(76° 12'N 81° 1'W) on Ellesmere Island. The reason for the RMCP relocation was
harsh conditions characteristic of Devon Island. Devon Island is presently aban-
doned, and only few structures remain.

Alluttoq Island and Qeqertarsuaq (Greenland)

Alluttoq Island (69° 44'N 51° 8'W) is located in the northern part of Disko Bay on the
western coast of Greenland. It is part of the Qaasuitsup municipality of Greenland.
Alluttoq Island is around 250 square miles (655 sq. km). On the east coast of Allut-
toq Island, there is a settlement called “Ataa,” which was abandoned around 1960.
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In 1997, Ataa was a filming location for the feature film Smilla’s Sense of Snow,
which was directed by Bille August. In modern times, the settlement is a wilderness
camp and a tourist destination.

The other abandoned Greenland Island is Qeqgertarsuaq (also called “Herbert Is-
land™) (77° 25'N 70° 41'W). Qeqertarsuagq is also the name of an uninhabited vil-
lage on the island. The village of Qeqertarsuaq was established in 1953 when the
Inuit from Dundas were forced to relocate to make way for Thule Air Base. Qeger-
tarsuaq Island is 86 square miles (223 sq. km). Presently, there are no permanent
inhabitants on Qegertarsuaq Island.

Edgegya, Svalbard (Norway)

Edgegya, Svalbard (77° 45'N 22° 30'E), is an abandoned Norwegian island. It
is located in the southwest part of the Svalbard Archipelago between the fjord
Storfjorden that separates Spitsbergen from Edgegya and Barentsgya. The Bar-
ents Sea is on the east coast. The island of Barentsgya is north of Edgegya. Most
of the Edgedya is covered by glaciers, especially the eastern coast. The western
and northern coasts are mostly ice free. Edgegya is less than 2,000 square miles
(5,000 sq. km). All of Edgesya, Barentsgya, and several small islands and
the waters surrounding them are part of the Sgraust-Svalbard Nature Reserve
(78° N 22° E). The island was first noted as being discovered in the seventeenth
century by whalers. Some believe the first to visit the island were the Pomory
of northern Russia. The island is named after the English whaler and sealer
Thomas Edge (1588-1624), an employee of the Muscovy Company. During
the nineteenth and twentieth centuries, the island was used by Norwegian polar
bear hunters. The seasonally based Swedish Russian Arc-de-Meridian Expedi-
tion (1899-1904), under the leadership of Gerard Jacob De Geer (1858-1943),
had a station at Dolerittneset. In the late 1960s, Danish researchers established
a research station to study polar bears. By the early 1970, the Danish station
was abandoned.

Skorpa (Norway)

Skorpa (69° 55'N 21° 41'E) is an uninhabited Norwegian island in Kva&nangen
municipality. It is located in the middle of Kvaenangen Fjord. Skorpa is a small
island a little more than 3 square miles (8.25 sq. km). During World War II, Skorpa
Island was a short-lived Prisoner of War (POW) Camp. The Norwegian Sixth Divi-
sion built the camp to house Nazi German POWs during the 62-day Norwegian
Campaign. The POW camp closed at the end of the Norwegian Campaign. The
Kvanangen municipal government moved off the Skorpa Island to the mainland
village of Burfjord (69° 56'N 22° 3'E), and the remaining population had migrated
off by 1980.
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Wrangel Island (Russia)

Wrangel Island (71° 14'N 179° 25'W) is located in the Arctic Ocean between the
East Siberian and Chukchi Seas. It is part of the Chukotka Autonomous Okrug of
the Russian Federation. Wrangel Island is about 2,900 square miles (7,600 sq. km).
The island is about 78 miles (125 km) in length. The highest elevation is Sovetskaya
Mountain around 3,600 ft. (1,100 m) above sea level, with most of the mountains
on Wrangel Island averaging around 1,500 ft. (500 m) above sea level.

Wrangel Island was sighted by American Captain Thomas Long, in 1867. Wran-
gel Island may have been seen as early as 1849 by British Captain Henry Kellett
during his discovery of the neighboring Herald Island. The crew members of the
U.S. Revenue Cutter Thomas Corwin are credited with being the first to explore
Wrangel Island, in 1881. Famous naturalist John Muir (1838-1914) wrote the first
description of the island. Wrangel Island is named after Russian explorer Ferdi-
nand Petrovich von Wrangel (1796-1870). There were a couple of settlements on
Wrangel Island, which are Ushakovskoye (70° 58'N 178° 29'W) near Rogers Bay
and Zvyozdny near Somnitelnaya Bay. In 1948, the Soviet Union started reindeer
herds to limit the bird population until the late 1970s. The Zvyozdny settlement
was abandoned in the 1980s. The people of Ushakovskoye also started to migrate
off Wrangel Island in the 1980s with the last Ushakovskoye residents leaving on
October 13, 2003.

Wrangel Island is listed as a UNESCO World Heritage Site, since 2004, and
most of the island is a federally protected nature sanctuary of the Russian Federa-
tion. The flora and fauna of the island are unique and diverse. The island is home
to a high concentration of polar bears and walruses, and is a major feeding area
for gray whales that migrate from Mexico. It is also home to more than 400 plant
species and two dozen resident bird species, and is a northern nursery for about
100 migratory bird species.

Andrew J. Hund

See also: Beaufort Sea; Chukchi Sea; Herschel Island; Lost Patrol

Further Reading

Burn, C. Herschel Island Qikigtaryuk: A Natural and Cultural History of Yukon’s Arctic
Island. Whitehorse, Yukon: Wildlife Management Advisory Council (North Slope), 2012.

Adélie Penguin

The Adélie penguin (Pygoscelis adeliae) is a small penguin whose distribution is
almost entirely in the Antarctic. Like other penguin species, it is flightless but a
proficient swimmer with flippers designed for speed in pursuing the aquatic species
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for food and escaping its oceanic predators. As with most penguins, the Adélie is
black above and white below. It has a black head, and atypical features include a
white eye-ring and a bill half-covered with feathers, making it appear quite short.
As is typical with the three species in the Pygoscelis genus, the Adélie has a fairly
long tail. There is no sexual dimorphism in either plumage or weight; on average,
birds range between 9 and 12 pounds (4-5.4 kg), and adult penguins can reach up
to 28 in. (71 cm) in length.

The Adélie penguin was first described by the French naval officer Jules
Dumont d’Urville, who in the early nineteenth century led several expeditions
to the Southern Hemisphere. During one of his voyages to the subantarctic islands,
he discovered the penguin and named it after his wife Adéle. As mitochondrial
DNA sequencing would later reveal, the Adélie penguin is a fairly old species,
having split off from the other members of the Pygoscelis genus approximately
19 mya and from the rest of the penguin genetic tree about 19 million years
before that.

The majority of the breeding sites, some of which historically contained more
than 1 million birds, can be found on Antarctica proper, with most of the sites oc-
curring along the Antarctic Peninsula, the western edge of the Ross Sea, and the

Adélie penguins. (Corel)
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Australian quadrant of the East Antarctica coast. Along with the emperor, the Adélie
is the only penguin to breed in Antarctica away from the Antarctic Peninsula. The
Adélie penguin is found on a few subantarctic islands, including South Shetland,
South Orkney, South Sandwich, and Bouvet Islands. Beach-wrecked birds, many
of them oiled or starving, have been found well to the north in New Zealand and
the Falkland Islands.

As they live very far south, the breeding season is fairly short, lasting from late
October through February. Nests are scrapes in the ground protected by stones that
are often pilfered from neighboring nests. Typically, two eggs are laid per breeding
season; unlike other penguin species, two chicks often survive to adulthood. Males
and females take turns incubating while the other searches for food; adult birds
participating in incubation often lose quite a bit of their body weight by February.
Predators include Antarctic skuas, which will take eggs and chicks from unobserv-
ant parents, as well as leopard seals, who hunt the penguins while they look for
krill and silverfish. The Adélie’s small size and speed (they can swim up to 40 mph
[64 km/h]) make them successful hunters, although climate change has been impli-
cated in population declines due to food loss. With reductions in sea ice, the pen-
guins have to swim further to find food. In the past three decades, the global Adélie
penguin population has declined by about one-third and was recently designated as
a near threatened species.

Early Antarctic explorers commented unfavorably upon the Adélie penguin,
noting the species’ selfishness, sexual practices, and casual disregard for its own
safety. George Murray Levick, part of Robert Falcon Scott’s ill-fated Terra Nova
Expedition, described penguin sexual activities including rape, homosexuality, and
necrophilia. This scientific paper was so controversial that it was suppressed and
not published until 2012. No less a figure than Scott himself derided the birds for
their fatuous conduct and pigheaded disregard for their own safety. He was par-
ticularly disturbed by the latter, as the inquisitive penguins would often disrupt his
expedition. As Scott notes: “They waddle forward, poking their heads to and fro
in their usually absurd way, in spite of a string of howling dogs straining to get at
them.” Scott goes on to state that Adélie penguins would routinely approach, and
be eaten by, the expedition sled dogs.

Not everyone has felt this way about the Adélie, however. Terra Nova member
Apsley Cherry-Garrard focused on the bird’s bravery: “[H]e is quaint in all that he
does, but still more because he is fighting against bigger odds than any other bird,
and fighting always with the most gallant pluck.” And perhaps due to its small size,
tuxedo appearance, and inquisitive nature, the Adélie penguin has become one of
the iconic images of penguins in popular culture, and it is currently one of the more
common species kept in zoos and aquariums.

Andrew J. Howe
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See also: Chinstrap Penguin; Emperor Penguin; Gentoo Penguin; King Penguin; Macaroni
Penguin; Rockhopper Penguin
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Agreement on the Conservation of Albatrosses
and Petrels (ACAP)

The Agreement on the Conservation of Albatrosses and Petrels (ACAP) is a mul-
tilateral agreement that seeks to conserve albatrosses and petrels by coordinat-
ing international activity to mitigate known threats to their populations. The most
significant threat facing albatrosses and petrels is mortality resulting from inter-
actions with fishing gear, especially longline and trawl fishing operations. In ad-
dition, birds may be threatened at their breeding sites by introduced predators,
diseases, habitat loss, and human disturbance. The agreement provides a focus
for international cooperation and the exchange of information and expertise, and
the action plan annexed to the agreement offers a framework for the implemen-
tation of effective conservation measures for these threatened seabirds, both on
land and at sea.

Development of the agreement commenced in 1999. It was concluded rapidly
with only two meetings required to agree the text. These meetings, held in Hobart,
Australia, and Cape Town, South Africa, were attended by 16 countries and 5 inter-
national organizations. ACAP was opened for signature in June 2001 in Canberra,
Australia, and entered into force on February 1, 2004, at which time all Southern
Hemisphere species of albatrosses and seven petrel species were listed under its
auspices. Currently, there are 13 parties to the agreement—Argentina, Australia,
Brazil, Chile, Ecuador, France, New Zealand, Norway, Peru, South Africa, Spain,
the United Kingdom, and Uruguay. The agreement is managed by a small secre-
tariat based in Hobart, Tasmania, Australia, with an executive secretary and a sci-
ence officer, supported by an honorary information officer.

The First Session of the Meeting of the Parties (MoP1) was convened in No-
vember 2004 in Hobart, preceded by a two-day scientific meeting. A key outcome
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Royal Albatross. [Shutterstock.corr)

of MoP1 was the establishment of an advisory committee to guide the implemen-
tation of the agreement. The advisory committee is supported by three working
groups—the Population and Conservation Status Working Group, the Seabird By-
catch Working Group, and the Taxonomy Working Group. Sessions of the Meeting
of Parties are ordinarily held at three-year intervals, with the advisory committee
meeting more often.

At the Third Session of the Meeting of Parties, held in Norway in 2009, the three
North Pacific albatrosses (short-tailed Phoebastria albatrus, Laysan P. immuta-
bilis, and black-footed P. nigripes) were added to the agreement. At the Fourth
Session of the Meeting of Parties, held in Peru in 2012, the Balearic Shearwater
Puffinus mauretanicus, endemic to the Mediterranean Sea, was added to the agree-
ment, bringing the total number of species covered to 30.

A key area of ACAP’s work is the review of the population status and trends of
all ACAP-listed species by way of maintaining a global database and producing a
series of species assessments. These assessments provide up-to-date information
on each species’ distribution, threats facing individual populations, the conserva-
tion measures in place to protect them, and identify any gaps in knowledge about
the species. ACAP has also developed Conservation Guidelines on biosecurity and
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quarantine for breeding sites; Conservation Guidelines on the eradication of intro-
duced mammals from islands; best-practice advice for mitigating seabird bycatch
in fisheries operations, and an Action Conservation Plan for the Waved Albatross
P. irrorata of Ecuador’s Galapagos Islands.

The agreement has been working with tuna Regional Fishery Management Or-
ganizations (TRFMOs), the Commission for the Conservation of Antarctic Marine
Living Resources, and other relevant fisheries management organizations to en-
courage the adoption of best-practice mitigation measures to reduce seabird mor-
tality in longline fisheries in areas outside of national jurisdictions (the high seas).
All of the TRFMOs have recently adopted conservation measures incorporating
ACAP’s best-practice advice for seabird bycatch mitigation in pelagic longline
fisheries (night setting, line weighting, and deployment of bird-scaring [tori] lines).
ACAP has also been working to reduce seabird mortality in trawl and other fish-
eries where seabird bycatch occurs. Other activities undertaken by ACAP include
funding research projects, supporting capacity-building initiatives, and enhancing
awareness among the concerned public of the plight facing albatrosses and petrels,
primarily via news stories posted to its Web site a.

Much more still needs to be achieved. A key challenge is to obtain accurate data
on where and in what numbers seabirds are being caught as bycatch in fisheries
operations, to assist the effective implementation of conservation measures. An-
other challenge is to seek the active involvement of those range states who are not
currently participating in the agreement’s work, as it is only through such coopera-
tion that ACAP’s objective of achieving and maintaining a favorable conservation
status for albatrosses and petrels can be met.

John Cooper

See also: Arctic Seabirds; Sooty Albatross; Wandering Albatross
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Alaska Native Claims Settlement Act (ANCSA) (1971)

In 1971, the Alaska Native Claims Settlement Act (ANCSA) was signed into law
by President Richard Nixon (Public Law [PL] 92-203). The act abolished Alaskan
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Native claims to their traditional lands in exchange for $963 million and 44 million
acres (17.8 million hectares). The objective of ANCSA was to formally settle the
long-standing land claims of Alaska Native groups and for Alaska to develop the
recently discovered Prudhoe Bay oil field. ANSCA compensated Alaska Natives
for the collaborative use of their lands and resulted in the creation of 13 regional
and more than 200 village corporations.

ANCSA and other legislation exchanged approximately 148 million acres (60
million hectares) of federally owned land in Alaska to the state of Alaska and
Alaska Native groups. The act abolished most Alaska Native claims to their land.
ANCSA repealed the Alaska Native Allotment Act of 1906 (43 USC §1634),
which allowed for Alaskan Natives to obtain the title to up to 160 acres (65 hect-
ares). ANCSA revoked future Alaskan Natives from receiving title to land, but
did not resolved the pending cases of approximate 300,000 acres (121,405 hect-
ares) under the Alaska Native Allotment Act. Of the 44 million acres, the village
corporations received surface rights to the respective land, while the 12 regional
corporations were granted subsurface rights. These corporations are Native by
the virtue of Alaskan Native being the stockholders. Under 43 USC §1606, §1607

PRUDHOE BAY STATE #I| OIL DISCOVERY

On March 12, 1968, the Atlantic Richfield Company (ARCO) and EXXON
discovered Prudhoe Bay State #1 oil well in Prudhoe Bay off the Arctic coast
of Alaska (70° 18'N 148° 43'W). Prudhoe Bay was a major discovery and
the largest oil field in North America measuring 213,543 acres (86,418 hect-
ares). Original estimates claimed that the oil well had 25 billion barrels of oil
with 13 billion barrels considered recoverable. Prudhoe Bay also contained
26,000 billion cubic feet of natural gas. The remote Arctic location of the oil
made it impractical to transport it to market by conventional means. The solu-
tion was to build an 800-mile pipeline from Prudhoe Bay to Valdez, Alaska,
where the oil would be loaded on oil tankers and shipped to market. A permit
was granted for the construction of the pipeline; however, the proposed pipe-
line route would cross many important archeological and historic sites of the
Alaskan Natives. For the pipeline to be built, the long-standing Alaskan Na-
tive land claims needed to be settled. In 1971, the Alaska Native Claims Set-
tlement Act (ANCSA) was signed into law by the president Richard Nixon
(Public Law [PL] 92-203).

Andrew J. Hund
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of ANCSA, stock in these corporations were to remain with Alaska Natives for
about 20 years until January 1, 1992. Of the $963 million payment, $462.5 mil-
lion came from the U.S. government and the remaining $500 million from oil
revenue sharing.

Under the ANCSA of 1971, the federal government created 12 regional corpo-
rations; all 12 were based on geographic locations within the state of Alaska. The
12 Alaska regional corporations are as follows: (1) the Aleut Corporation (TAC);
(2) Arctic Slope Regional Corporation (ARSC); (3) Bering Straits Native Corpo-
ration (BSNC); (4) Bristol Bay Native Corporation (BBNC); (5) Calista Corpora-
tion; (6) Chugach Alaska Corporation (CAC); (7) Cook Inlet Region, Inc. (CIRI);
(8) Doyon Ltd. (DOYON); (9) Koniag, Inc.; (10) NANA Regional Corporation,
Inc. (NANA); (11) Sealaska Corporation (SEAC); and (12) Ahtna, Inc. (AHTNA).
Around 80,000 Alaska Natives of one-quarter native ancestry (or a village or Na-
tive group regarded one as Alaska Native—called the “Aleut Provision™) were en-
rolled into a regional and village corporation, which represented two-thirds of the
Alaska Native population. Each Alaskan Native born before December 18, 1971,
became a shareholder in one of the 12 regional corporations and received 100 shares
of stock. A 13th corporation based out of Seattle, Washington, was created later
to represent around one-third of Alaska Natives living outside the state as of De-
cember 18, 1971. Members of the thirteenth corporation were provided with 100
shares. The thirteenth corporation were given revenue rights to natural resources
but received no land. Alaskan Natives born after December 18, 1971 (commonly
called “after-born”), were not eligible to receive corporation shares, but were al-
lowed to inherit them.

1991 Amendments

On February 3, 1988, there were several amendments to ANCSA under the Alaska
Native Claims Settlement Act Amendments of 1987 (PL 100-241). These amend-
ments are referred to as the “1991 Amendments.” The 1991 amendments sought to
address and clarify three major issues, which are as follows: the after-born, taxation
and protection of land, and stock alienation. The new amendments allowed present
stockholders (by majority vote) of each corporation the ability to decide whether
to include those born after 1971. Shareholders also could decide whether to grant
the after-borns voting rights, the type of stock they could receive (unrestricted or
restricted), and whether the new shareholders could receive dividends. Sharehold-
ers could also increase the shares for elders and enroll ANCSA-eligible Natives
who missed the original enrollment.

Under ANCSA, Alaska Native Corporation lands were exempt from taxation
for 20 years after conveyance, but the act did not provide protection for loss due
to corporate debt. The new amendments extended the protection from taxation
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indefinitely, providing the land remained undeveloped. The amendments also pre-
vented undeveloped land from being taken over as a result of corporation debt or
bankruptcy. Mortgaged land was not included in the amendments. Other exceptions
were tax liabilities owed to the U.S. IRS, eminent domain rights, and unpaid obliga-
tions on resource revenues shared with all regional corporations. An amendment in
1998, titled the ANCSA Land Bank Protection Act of 1998 (PL 105-333) allowed
the undeveloped land to be placed in a trust.

Prior to 1991, ANCSA prohibited shareholder stock from being transferred to
non-Natives via inheritance. Before the amendments, non-Native shareholders
could not be voting members, and corporations reserved the right to purchase
stock first under ANCSA. Native corporation stock could be purchased by non-
Natives and thus was vulnerable to possible takeover by outside interests after
1992. The 1991 amendments addressed these issues, by allowing the extension
of stock restrictions and altering restrictions by requiring a majority vote by the
shareholders to alter the agreement. Not addressed in the 1991 amendment was
the issue of tribal control and sovereignty, and the Congress neither validated nor
invalidated the issue with the amendment. The Native Village of Stevens went to
court in May 1988, where the Alaska Supreme Court ruled in a split decision that
Alaska Native groups do not have tribal sovereignty, with the exception being
the Annette Island Reserve (see Native Village of Stevens v. Alaska Management
and Planning, 1988).

Andrew J. Hund

See also: Aleuts/Unangax; Eskimos; Siberian Yup’ik
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Aleuts/Unangax

Unangax is the self-designated name of the indigenous group of the Aleutian Is-
lands in Alaska and Kamchatka Krai of the Russia Federation. The common name
of this group used by non-Native groups is “Aleut.” In the eighteenth century, the
Russians labeled the Unangax as the Aleut. There are two main groups of the Un-
angax, which are the Unangan/Unangas. The Unangan is the self-designated name
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Unangan in Aleut baidarka hunting whales. (National Oceanic and Atmospheric
Administration)

for the western group and the Unangas is for the eastern group. The Unangax have
inhabited the Aleutian Islands for at least 9,000 years and are an ocean-based cul-
ture. In 2010, the population of the Aleuts was just more than 11,000, with just
under half living in Unalaska.

History

Vitus Bering (1681-1741), a Danish-Russian explorer, first sighted the Aleutian
Islands, in 1741. Georg Wilhelm Steller recorded the flora and fauna of the Aleu-
tian Islands as part of the expedition. The following year, a scientific study of the
North Pacific fur seals was conducted. After the discovery of fur-bearing animals,
the Unangax were in regular contact with the Russians. Fur-bearing animals of the
Aleutian Islands were exploited to near-extinction levels, with the Steller Sea Cow
becoming extinct in 1768. Sea otter hunting in the Aleutian sea peaked between
1760 and 1780. In 1750, Arctic foxes were introduced to Attu Island from Bering
Island by the Russian Merchant, Tolstykh. A Russian fur trader, named Glotov,
was first to trade peacefully with the Aleuts of Umnak and Unalaska Islands, in
1758. Glotov later introduced the sea otter net to the Attuans. Permanent buildings
of the Russians merchants started being constructed in 1770 with a warehouse
in Unalaska by fur traders. In 1781, the Northeastern Company and, in 1799, the
Russian-American Company were organized.
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Due to cultural differences and competition over sea mammals, the relations be-
tween the Aleut and Russians were hostile and antagonistic resulting in destroyed
or burned Russian vessels as well as many armed conflicts and massacres perpe-
trated by both sides. For example, fur hunters of the Russian vessel Evdokim upon
landing on Agutta Island were met by armed Aleuts in 1745; a Russian merchant
vessel was destroyed at Unalaska in 1764 by the Aleuts; and a Russian group was
massacred at Umnak Island in 1764. In 1765, the Soloviev or Solov'ev party mas-
sacred the Aleuts of the Unalaska region. The Russians and Aleuts also joined
together to destroy other Aleut villages, such as during the 1767 raids and destruc-
tion of the villages of Amukta, Carlisle, Chagulak, Chuginadak, Herbert, Kagamil,
Uliaga, and Yunaska Islands (called “Islands of Four Mountains”). In 1784, the
Russians on Amchitka took about 40 Aleut women and children captive while the
Aleut men were away; upon returning to the village, the men rebelled. The Aleuts
surrendered after a brief combat with the Russians. The rebellion resulted in four
high-status Aleut leaders being executed. The remaining Aleuts left Amchitka and
relocated to neighboring islands. The Russian government was informed of the
executions, and the Russian leader, Nevizimov, was imprisoned.

In 1808, the first Russian Orthodox Church was constructed in Unalaska. The
Russian Orthodox Church is still present throughout the Aleutian Islands. In 1942,

WATERPROOF PARKAS (KAMEIKAS) OF THE ALEUTS

An essential part of the Aleuts’ sailing was parkas called “kameikas.” Kamei-
kas were waterproof rain gear that were made of bird skins, the guts of seals
or sea lions, or the intestines of bear, walrus, and/or whales. The parkas were
for different purposes and were made out of different material. Men, women,
and children all wore kameikas to keep them warm and repel rain. Men’s ka-
meikas were made out of bird skins, and different parkas could be used for
hunting and daily activities. The bird feathers in men’s kameikas could be
turned in or out depending on the type of weather. The women’s kameikas
were made out of sea otter and/or seal skin, while children’s kameikas were
bird skin caps made from tanned eagle skin. The men’s and women’s parkas
went below the knees. The parkas were fitted with a hood and sleeves, which
could be cinched tight to prevent water from entering. A kameika took about
a year to make and could last for up to two years. The pants that went with
the kameikas were also waterproof and were made from the skin of seals’
esophagus. The Aleut’s craft work embodied their spiritual and cultural way
of life, which embraced unity with nature.

Andrew J. Hund
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the Japanese made air strikes on Dutch Harbor. The Japanese also captured Attu
Islanders and held them as prisoners of war at Hokkaido, Japan. The U.S. gov-
ernment placed more than 800 Aleuts from the western Aleutian chain and the
Pribilof Islands to southeast Alaska and the Wrangell Mountains in internment
camps. Many Aleuts interned died, and in 1988, the U.S. Congress compensated
each eligible survivors of the families with $12,000 under the Aleutian and Pribi-
lof Islands Restitution Act of 1988 (PL 100-383). The act was amended in 1993
to compensate churches whose property was damaged and/or lost during World
War II. In 1969, 1970, and 1971, three underground atomic tests were conducted
on Amchitka Island as part of the Ploughshare Project. In 1971, the Aleut Corpo-
ration was formed with the passage of the Alaska Native Claims Settlement Act.
In 1997, the Adak Naval Air Station was closed and is presently a superfund site
under the Comprehensive Environmental Response, Compensation, and Liability
Act of 1980.

Language

The Aleut language is one branch of the Eskimo-Aleut family. The Aleut language
is considered endangered and/or near extinct. Presently, a few hundred people
speak the Aleut language, and fluent speakers are extremely rare. The United
Nations Educational, Scientific, and Cultural Organization (UNESCO) lists the
Aleut language as critically endangered with 150 fluent speakers in Alaska and
about 15 in Siberia (Commander Islands). The Aleut language is divided into three
dialects: the Fox, Atkan, and Attuan. The Fox dialect (sometimes called “Unalas-
kan”) is spoken in the Eastern Aleutian, Pribilof, Fox, and Shumagin island areas.
The Atkan dialect is spoken on the Bering and Atka Islands. The Attuan dialect
is extinct.

Sailing and Navigation

The Aleuts are widely known for their sailing and navigation abilities and uti-
lized two types of skin boats: a baidarka and a baidara. A baidarka is a small one
or a two-person boat made from sea lion skin similar to an Eskimo/Inuit kayak
but more aerodynamic. The one-person craft was 4.8 m (16 ft.), and the two-
person craft was 6 m (20 ft.) long. The craft was used for hunting and was sturdy
enough that a hunter could stand up in it. The baidara is a large skin boat made
of walrus skin and used as a transport boat for warriors to combat or families and
their belongings to other islands. Other than the highly maneuverable baidarka,
Aleuts hunted small sea mammals with throwing boards equipped with harpoons
and barbed dart tips. The Aleuts used three different harpoons: a simple, toggle-
head, and a throwing lance (for large sea mammals and in combat). An essential
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part of the Aleuts’ sailing uniform was the waterproof parkas called “kameikas”
and bent wood hats called “chagudax.” The chagudax are intricately made with
colorful designs and commonly trimmed with sea mammal whiskers, bird feath-
ers, and/or ivory.

Andrew J. Hund

See also: Migration Waves of the Eskimo-Aleut
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Alexander | Island

Alexander I Island (71° S 71° W) is the largest Antarctic Island measuring about
240 miles (390 km) long and 50 miles (80 km) wide. The total area of the Alexan-
der I Island is about 19,000 square miles (49,000 sq. km). This island is the second
largest uninhabited island in the world, with Devon Island (75° 8'N 87° 51'W) in
the Canadian Arctic Archipelago being the largest.

Alexander I Island is located between the Ronne Entrance (east) and Margue-
rite Bay (west) and Palmer Land and the Bellingshausen Sea. Alexander I Is-
land was discovered by Admiral Fabian Gottlieb Thaddeus von Bellingshausen
(1778-1852), who explored the area in 1821. Bellingshausen named the island after
the Russian Tsar Alexander I (1777-1825).

Alexander I Island is separated from the Antarctica continent (Palmer Land) by
George VI Sound (71° 45'S 68° W). The George VI Sound is filled with ice, mak-
ing an ice bridge from Palmer Land to Alexander I Island. The George VI Ice Shelf
is the ice body that fills George VI Sound. There are two bays on each side of Al-
exander I Island, which are the Ronne Entrance and Marguerite Bay. The Ronne
Entrance (72° 30'S 74° W) is on the eastern side in between the George VI Sound
(71° S 68° W) and the Bellingshausen Sea just southwest of Alexander I Island.
On the Ronne Entrance side is the 45-mile (72-km) Bach Ice Shelf (72° S 72° W).
Marguerite Bay (68° 30'S 68° 30'W) is on the west side located between the Ad-
elaide Island in the north, and runs along the Fallieres Coast of the Antarctic Pen-
insula, and Alexander I Island and the George VI Sound to the south.

On the Bellingshausen Sea side of Alexander I Island is the Wilkins Sound.
Alexander I Island partly surrounds the Wilkins Sound. Within the Wilkins Sound

17
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is the ice-covered Charcot and Latady Islands. The Wilkins Ice Shelf fills the
Wilkins Sound with ice. The Wilkins Ice Shelf is approximately 90 miles (145 km)
in length and 70 miles (110 km) in width. The ice-covered Charcot Island
(69° 45'S 75° 15'W) is about 30 miles (48 km) long and around 25 miles (40 km)
wide and lies approximately 55 miles (89 km) west from Alexander I Island. Lat-
ady (70° 45'S 74° 35'W) is west of Alexander I Island, about 50 miles (80 km)
south of Charcot Island. This island is about 40 miles (64 km) long and 11 miles
(18 km) wide.

Alexander I Island is largely ice covered. There are several mountains located
on Alexander I Island, such as Havre (69° 8'S 71° 40'W), Rouen (69° 10'S 70°
53'W), Sofia University (69° 26'S 71° 23'W), Lassus (69° 35'S 71° 38'W), Colbert
(70° 35'S 70° 35'W), and Walton (71° 12'S 70° 20'W) Mountains. A few nunataks
push through the ice. A significant mountain range on the island is the Douglas
Range (70° S 69° 35'W). The highest point on Alexander I Island is Mount Ste-
phenson of the Douglas Range at 9,800 ft. (2,987 m). The notable groups of peaks
and nunataks on Alexander I Island are Staccato Peaks (71° 47'S 70° 39'W) and
Lully Foothills (70° 49'S 69° 38'W). There is a perennial lifeless subglacial lake
on Alexander I Island, which is called “Hodgson Lake.” This ice-covered subgla-
cial lake is just more than 1 mile in length, 1.5 mile in width, and more than 300
ft. (95 m) in depth.

Andrew J. Hund
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Alfred Wegener Institute (AWI)

The main offices of Alfred Wegener Institute (AWI) for Polar and Marine
Research (Alfred-Wegener-Institutfiir Polar-und Meeresforschung) are located in
Bremerhaven on Germany’s northwestern bourne. The AWI directs a consortium
of research facilities and programs dedicated to global systems research in the
Arctic, Antarctic, and temperate latitudes. Its services are coordinated within a
larger network of research institutions, the renowned Helmholtz Association of
German Research Centers. The Helmholtz Association integrates the programs
of 18 centers scattered throughout Germany. These centers are clustered into six
research groups specializing in core topics related to energy, the earth and envi-
ronment, health, key technologies, and the structure of matter (aeronautics, space,
and transport). Memorializing the legacy of Hermann von Helmholtz, one of Ger-
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many’s great universal scholars of the nineteenth century, this cooperative effort
supports the association’s mission to better understand the complex systems that
orchestrate human life and the physical environment. The association originated
in 1958; since the reunification of Germany in 1990, the association has played
an instrumental role in expanding scientific research throughout the new German
landscape.

Like the Helmholtz Association, the AWI is named for another renowned Ger-
man scholar and polar scientist, Alfred Lothar Wegener (1880-1930). Wegener
was a meteorologist who dedicated his life to polar research. He was born in Ber-
lin, Germany, and died on an expedition to Greenland. He was the first scholar to
propose the theory of continental drift, a controversial explanation of why fossil
remains, scattered over the Earth’s separate continents, nevertheless have similar
biological structures and features.

In addition to its primary facilities in North Germany, the institute conducts re-
search at the Otto Schmidt Laboratory for Polar and Marine Research, established
at the State Research Center of the Russian Federation with the joint directorship
of the Arctic and Antarctic Research Institute (AARI) in Saint Petersburg. The
OSL, named after the Russian polar scholar Otto Yulievich Schmidt (1891-1956),
serves as a joint venture of the German Ministry of Education and Research,

Ice front at the Alfred Wegener Institute (Germany). (Joerg Sarbach/AP Photo)
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the Ministry of Education and Science of the Russian Federation, the AARI, the
AWI, and the Leibniz Institute of Marine Sciences at the University of Kiel If
M-Geomar. Other localities for research include the Forschungstelle Potsdam,
the Wadden Sea Station on the island of Sylt, and the Biologische Anstalt at Hel-
goland. Important Arctic and Antarctic research stations include the Neumayer-
Station III, the Dallmann Laboratory (operated jointly with the Instituto Antértico
Argentino), the Koldeway Station in Ny-Alesund on Svalbard, Kohnen Station in
Dronning Maud Land, Antarctica, and the Samoylov Station on the Lena Delta
adjacent to the Laptev Sea.

The institute owns and operates six research vessels: the icebreaker RV Po-
larstern, the RV Heincke, the RV Uthom, the catamaran Mya and two motorboats,
the Aade and Diker. It also owns and operates a small fleet of research airplanes.

Victoria M. Breting-Garcia

See also: Antarctic Programs and Research Stations/Bases; Khatanga, Lena, and Yana Riv-
ers; Laptev Sea; Svalbard Archipelago
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Amundsen, Roald Engebrecht Gravning (1872-1928)

During his lifetime, Amundsen was the first European explorer to successfully
navigate the Northwest and Northeast Passages. The Antarctic event also honored
Robert Falcon Scott, a competitor who completed the trek to the South Pole just a
month after Amundsen’s hard drive. On December 14, 2011, polar scientists and
enthusiasts, several groups of whom skied across Antarctica, attended a ceremony
honoring the 100th anniversary of the Norwegian native Roald Amundsen’s dis-
covery of the South Pole. The event was attended by Norway’s prime minister
Jens Stoltenberg, scientists, and employees from the U.S. Antarctic Program at the
Amundsen—Scott research station at the South Pole and members of the Norwegian
Polar Institute.

Roald Amundsen was born on July 16, 1872, near the town of Sarpsborg in
southeastern Norway. For generations, his family lived as farmers and seamen.


http://www.otto-schmidt-laboratory.de/
http://www.otto-schmidt-laboratory.de/
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Roald’s father, Jens Amundsen, in operation with family members, directed a
shipping business located in Oslo, Norway. It was a beautiful and happy life for
the young Roald, who thrived in a hardworking family determined to see its chil-
dren prosperous and well educated. As a young Norwegian, he took particular
interest in the stories of polar exploration. Like many youths of his age, Amund-
sen absorbed the accounts of the tragic fate of Sir John Franklin’s lost expedition
and his hapless search for the Northwest Passage in the treacherous waters of the
Arctic in 1845.

Fridtjof Nansen’s influence on Roald endured a lifetime. A Norwegian native
born on October 10, 1861, in Store Frgen, just north of what is now Oslo, Norway,
Nansen was a prolific polymath whose international renown included champion
performances on skis and ice skates, skills that supported his ventures as a primary
explorer of the Greenland interior in 1888.

At the helm on the Amundsen Expedition. (National Oceanic and Atmospheric
Administration)
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Crew members of the Fram measure ice depth during Roald Amundsen’s expedition to
the Antarctic, about 1911. Amundsen established base camp at the Bay of Whales, on
the Ross Ice Shelf, which he deemed stable enough to support his men and supplies.
(National Oceanic and Atmospheric Administration)

Several years later, during the years 1893—-1896, Nansen’s stature rose to new
heights when he explored the North Pole region. His methods and techniques influ-
enced generations of polar exploration and scientific field research. Nansen was at
the center of a flowering of international scientific polar inquiry. He completed his
doctorate in neurology before beginning detailed studies in oceanography, mainly
in the North Atlantic region. Prior to his death on May 13, 1930, he was awarded
the Nobel Peace Prize in 1922 for his diplomacy and statesmanship on behalf of
Norway’s independence and his participation in the League of Nations during the
post—World War I period.

Nansen’s legendary stature had a kinetic influence on Amundsen, who early in
his youth determined to follow in Sir John’s footsteps across the Northwest Passage.
He honored his mother’s desire to see him pursue a medical career until her death
in 1893, after which he sold his medical books and began a systematic program
of training to realize his ambitions as a polar explorer. Rigorous physical training
was augmented with careful preparation for his licensure as a shipmaster. His first
experience was aboard the sealer Magdalena. He was certified as a first mate in
1895 and conferred his captain’s title in 1900. His first polar voyage was aboard
the Belgica, a Belgian Antarctic venture led by Adrien de Gerlache de Gomery
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from 1897 to 1899. The voyage was
a near disaster as the ship floundered
in ice near Peter I Island. Dire circum-
stances gave young Amundsen the op-
portunity to assume the command of
the ship, successfully leading its crew
through a rough winter-over until the
spring of 1899. The experience was
a valuable one, strengthening his be-
lief in the essential role of the captain
in the precarious direction of polar
exploration.

With growing attention to the de-
mands of the scientific polar commu-
nity, Amundsen traveled to Hamburg
to visit with Dr. G. von Neumayer,
the internationally renowned expert
in terrestrial magnetism. The study of
magnetism was the rationale for his
long-range plan to locate the true North
Magnetic Pole. This goal gave him the

professional standing he needed to se- Fridtjof Nansen. (John Clark Ridpath,

cure adequate financial funding for Ridpath’s History of the World, 1901)
the venture. For two years, Amundsen

made preparations for his trip. Amund-

sen chose to make the voyage with a small, albeit talented, group of seaman aboard
a 47-ton herring fishing vessel, outfitted with a small petroleum motor. Six men
accompanied him aboard the Gjga. They were Godfred Hansen, a Danish naval
officer with expertise in navigation, geology, and astronomy; Anton Lund, his
first mate chosen for his experience in ice navigation; Peder Ristvedt, an engineer
skilled in meteorology; Helmer Hansen, a sealer serving as second mate; Gustav
Juel Wilk, selected for his skill as a magnetic observer; and Adolf Henrik Lind-
strgm, the ship’s cook.

The party took leave of Oslo, Norway, at midnight on June 16, 1903, keeping
close to the Greenland shoreline, sailing past Baffin Bay and the Parry Channel,
and then southward into what is now known as Gjga Haven, where the teammates
Wilk and Ristvedt built a magnetic observatory. For two years, they collected me-
teorological data that to this day serve as an important baseline for understand-
ing current climatological phenomena. In 1904, Amundsen and Ristvedt traveled
via dog sledge to the Boothia Peninsula to collect data at the magnetic pole.
Their measurements confirmed the location established by James Clark Ross in
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1831. From April 2 through June 23 in 1905, Hansen and Ristvedt ventured out to
chart the eastern coastline of Victoria Island, previously undocumented at the time.

While at Gjga Haven, the team was visited on numerous occasions by the Net-
silik Inuit, an indigenous tribe that set up tents at the harbor during their sea-
sonal migrations. Inuit Arctic lifestyles and clothing provided valuable models for
Amundsen’s team. Over the course of his stay at the harbor, he entered into a brisk
program of exchange with the natives, trading tools and weapons in exchange for
fox and caribou garments, beadwork, and tool implements. Eventually, Amund-
sen’s collections were given to museums in Norway.

The seamen broke camp on August 13, 1905, to sail a track through the shal-
low depths of Simpson Strait, a difficult challenge completed in three weeks’ time.
Their efforts were rewarded when their ship was hailed by a whaling vessel, the
Charles Hansson, traveling eastward from San Francisco around the northern coast
of Alaska. The crew cleared the Canadian Archipelago in August before travel-
ing on to Alaska. Amundsen traveled overland by sledge to Eagle City, Alaska,
where he telegraphed the news of his successful passage on December 5, 1905. The
achievement was received with enthusiasm by the then recently appointed king of
the newly sovereign nation of Norway. The Gjga is currently preserved at the Fram
Museum in Oslo.

Several lackluster years after his polar expedition, Amundsen was eager to re-
turn to the Arctic. Fund-raising for a venture to the North Polar Basin were not
successful, and so Amundsen turned his sights to the Antarctica and the South
Pole. He did not divulge his intentions, despite similar arrangements by English-
man Robert F. Scott. Amundsen secured Fridtjof Nansen’s ship, the Fram, and
left Oslo on June 3, 1910, for Antarctica. His team set up camp at the Bay of
Wales on the Ross Ice Shelf. The crew traveled by dogsled, a distance of 1,860
miles, to the South Pole and then back to camp in 99 days. Authorities today es-
timate that Amundsen’s careful preparation, including ample provisions and the
use of skis and dog sleds, gave him a margin of advantage in the bitter contest to
reach the South Pole.

Again in 1918, Amundsen returned to the north to attempt to drift on the Arc-
tic Ocean to the North Pole. During these numerous attempts, he also sailed his
ship, the Maud, through the Northeast Passage, a waterway across the Eurasian
coastline of the Arctic Ocean. On May 11, 1926, Amundsen flew to the North
Pole aboard a dirigible, designed and piloted by Umberto Nobile; the trip was
financed by the noted explorer Lincoln Ellsworth. Two years later, Amundsen
took to the skies once again to search for Nobile’s remains following his for-
mer partner’s unsuccessful attempt to fly over the Arctic region. Amundsen’s
flight was lost on June 18, 1928. Amundsen was 55 years old at the time of his
disappearance.

Victoria M. Breting-Garcia
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See also: Amundsen—Scott South Pole Station; Amundsen Sea; Antarctic Circle; Antarctic
Ice Sheet; Arctic Ocean; Canadian Arctic Archipelago; Northeast Passage; Northwest Pas-
sage; Ross Sea
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Amundsen-Scott South Pole Station

The Amundsen—Scott South Pole Station is a year-round research facility of the
U.S. Antarctic Program located near the geographic South Pole. Construction of
the station began in November 1956 as part of the scientific efforts of the United
States during the International Geophysical Year (1957/1958). The station is named
after the polar explorers and researchers Roald Amundsen (1872-1928) and Robert
Scott (1868-1912).

The station is only a short distance away from the actual geographical pole and
lies 9,300 ft. (2,835 m) above sea level on the central high plateau of Antarctica.
Prior to the construction of the Amundsen—Scott station, there were only a few tem-
porarily used research stations at the pole, most notably Roald Amundsen’s camp
Polhem used during his expedition to the pole in December 1911 and Robert Scott’s
camp used after his arrival at the pole in January 1912. Both camps consisted of
tents that were used for a couple of days.

The original Amundsen—Scott South Pole Station was an in-the-ice station con-
structed by the U.S. Navy and used up to 1975 when the snow and ice accumula-
tion on top of the station reached a level that compromised structural integrity.
Between 1975 and 2003, the main station was located in a geodesic dome that
housed basically the whole station on top of the ice under a steel-aluminum dome
measuring 164 ft. (50 m) wide and 52 ft. (16 m) tall. An upgrade of the station
was begun in 1997, finally resulting in the official opening of the new elevated
main station in 2008. The original station and the dome station were demolished
or dismantled in 2009/2010.

The new station provides support for up to 50 scientists and support personnel
for overwintering and up to 150 people for summer operations. It is the second larg-
est research station in Antarctica after McMurdo Station. The average temperature
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at the station is —56°F (—49°C) with temperatures ranging from —18°F in summer
(—28°C in December) and —76°F in winter (—60°C in July). The station is drifting
with the ice sheet approximately 33 ft. (10 m) per year. The station is supplied from
McMurdo by a C-130 aircraft and using the Jack F. Paulus Skiway adjacent to the
station area. Aircraft operations are limited to the summer months and require ski-
equipped aircraft.

Main research areas at the Amundsen—Scott South Pole Station include atmo-
spheric and meteorological research, astronomy and astrophysics, and topics like
glaciology, geophysics, seismology, and a variety of other fields including biology
and medicine. The longest continuous set of meteorological data for the interior of
Antarctica has been collected at the station.

Despite the fact that the Amundsen—Scott South Pole Station is mainly a re-
search station, it has been visited frequently by the media and politicians, most no-
tably during the centenary of the exploration of the South Pole during the season
2011/2012, and has been featured as well in documentaries as in science fiction
settings. During the centenary, a monument for the arrival of Amundsen and Scott
at the South Pole in 1911/1912 has been dedicated in the vicinity of the Amund-
sen—Scott South Pole Station.

Ingo Heidbrink

See also: Antarctic Circle; Antarctic Ice Sheet; Antarctic Programs and Research Stations/
Bases; Ice Domes: Argus, Charlie, and Fuji (Valkyrie); South Pole
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Amundsen Sea

The Amundsen Sea is a marginal sea of the Southern Ocean, located off of Marie
Bird Land between an unnamed Sea (west) and Bellingshausen (east) Sea (72.5° S
and 112° W). Just beyond the unnamed Sea is the Ross Sea. The western border is
Cape Flying Fish (72° 3'S, 102° 20'W) on Thurston Island and the eastern border
is Cape Dart (73° 7'S 126° 9'W) on Siple Island. The Amundsen Sea is named after
the Norwegian explorer Roald Amundsen (1872—-1928), who explored the area in
1929 under Captain Nils Larsen.

The Amundsen Sea is mostly covered by ice. There are a number of glaciers and
tongues that extend from land into the Amundsen Sea. There are two open bays on
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the Amundsen Sea coast, which are Russell Bay (73° 27'S 123° 54'W) and Pine
Island Bay (74° 50'S 102° 40'W). Russell Bay is located between Carney Island
and northwest side of Siple Island off of the Grez Ice Shelf. Russell Bay was pho-
tographed, detailed, and described by the U.S. Navy as part of the International
Geophysical Year of 1957-1959. It is named after Admiral James S. Russell.

Pine Island Bay is an open bay around 40 miles (64 km) in length and 30 miles
(48 km) in width. There are two major ice formations that flow into Pine Island
Bay, which are Pine Island and Thwaites Glacier. Pine Island Glacier (75° 10'S 100° W)
is located near Cape Flying Fish and Thwaites Glacier (75° 30'S 106° 45'W)
extends into Pine Island Bay forming an ice spit or tongue about 30 miles (50 km)
wide and is called “Thwaites Ice Tongue” (75° S 106° 50'W). The average thick-
ness of the Thwaites Ice Tongue ice is almost 2 miles (3 km). Icebergs that have
broken off the Thwaites Ice Tongue have formed the Thwaites Iceberg Tongue (74°
S 108° 30"W). The Pine Island and Thwaites Glaciers were photographed, detailed,
and described by the U.S. Navy during Operation Highjump, in 1946. Its name is
derived from the seaplane USS Pine Island used during the operation. Thwaites
Glacier was named after the glacial geologist Fredrik T. Thwaites.

Pine Island and Thwaites Glaciers make up most of the Amundsen Sea Embay-
ment. The Amundsen Sea Embayment is one of three significant ice drainage ba-
sins of the West Antarctic Ice Sheet (the other two are the Ross Sea Embayment
and Weddell Sea Embayment). The Amundsen Sea Embayment has a total area of
68,800 square miles (175,000 sq. km) and drains around 10 percent of the West
Antarctic Ice Sheet. Some scientists are closely monitoring the Pine Island and the
Thwaites Glaciers because they are viewed as being the weak link in the overall
health of the West Antarctic Ice Sheet. It is estimated that if these glaciers melt, it
would threaten the entire West Antarctic Ice Sheet and could raise the global sea
level by from 3 to 6 ft. (1-2 m).

The Amundsen Sea has holes in the ice called “polynyas.” A polynya is a hole
of unfrozen ice surrounded by frozen ice due to upwelling, currents, or winds.
These polynyas make the Amundsen Sea productive for the entire food chain,
including phytoplankton, copepods, algae, fish, birds, and mammals. Seals are na-
tive to the Amundsen Sea. Species found here are the Crabeater, Ross, Southern
Fur, and Weddell. Common species of birds are fulmars (southern and southern
giant), petrel (snow and storm), blue-eyed shag, skua (south polar and brown),
and Antarctic tern.

Andrew J. Hund

See also: Bellingshausen Sea; Benthic Community; Ross Sea; Weddell Sea
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Antarctic Circle

On January 17, 1773, the ships Resolution and Adventure, under the command of
James Cook, are credited with being the first vessels to cross the Antarctic Circle.
In a strict definition, the Antarctic Circle is the area south of 66° 33’ 44" latitude.
The Antarctic Circle (commonly referred to as the Antarctica) is predominately a
continent that is surrounded by an ocean and roughly covers 6 percent or 5.5 million
square miles (14.2 million sq. km) of the earth. The Antarctic area is 97 percent
covered by ice or 5.1 million square miles (13.3 million sq. km). The thickness of
Antarctic ice averages about 8,850 ft. (2,700 m) with the thickest areas reaching
more than 15,000 ft. (4,775 m). The total volume of ice on Antarctica is 28 million
cubic km.

Beyond what is indicated on maps, the Antarctic Circle is not an actual line or
specific place. The Antarctic Circle is one of five imaginary circles indicated on
maps of the earth, representing major lines of latitude (e.g., Tropic of Cancer [23°
26' 16"N], Equator [0°], Tropic of Capricorn [23° 26’ 16”S], and the Arctic Circle
[66° 33" 44"N]). The distance from the Arctic Circle to the Antarctic Circle is about
9,300 miles (15,000 km). Both poles are the same distance from the equator (0° to
66.5° N or S).

The 66.5° S latitude is considered the southernmost boundary of the Antarctic
Circle. A defining characteristic of the Antarctic is that all locations above 66.5° S
latitude experience a 24-hour period of sunlight on the summer solstice (around
December 21) as well as 24 hours of darkness during the winter solstice (around
June 21). The summer solstice is commonly called the “Midnight Sun,” while the
winter solstice is called the “Polar Night.” The seasons of the Southern Hemisphere
are the opposite to that of the Northern Hemisphere.

The Antarctic Circle ecosystem is classified as a desert because yearly precipi-
tation is less than 10 in. (25 cm). A key difference between Antarctica’s ecosystem
and other desert is that there is almost no evaporation. Thus, the limited snow-
fall builds up and remains for hundreds and even thousands of years resulting in
thick ice sheets. The Antarctic Circle can be divided into three climatic regions,
which are the interior (extremely cold with little precipitation), coastal areas
(less cold than the interior but still cold with little precipitation), and the Antarc-
tic Peninsula (warmest of the regions with the most precipitation). The zone just
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POLAR CIRCLE

The Polar Circle is used to represent both the Antarctic Circle and the Arctic
Circle as defined by the strict definition of 66° 33’ 44"S (Antarctic Circle) or
66° 33" 44"N (Arctic Circle). The Polar Circle as indicated on maps is not an
actual line or specific place. The Polar Circle represents two of the five imag-
inary circles indicated on maps of the earth. The other major lines of latitude
are the Tropic of Cancer (23° 26’ 16”"N), the Equator (0°), and the Tropic of
Capricorn (23° 26’ 16”S). The distance from the Arctic Circle to the Antarc-
tic Circle is about 9,300 mi (15,000 km). Both poles are at the same distance
from the equator (0°-66.5° N or S).

The Polar Circles are known as frigid zones and the coldest places on the
earth. Temperatures are significantly lower at the South Pole than the North
Pole, principally because the South Pole is in the middle of a continental land-
mass and at a higher altitude rather than in the middle of an ocean, which acts
as a heat reservoir. Both areas at their southernmost boundaries experience
24 hours of daylight and 24 hours of night. In the Arctic Circle, the summer
solstice is around June 21, and the 24 hours of darkness period occurs around
December 21 called the winter solstice. The seasons of Antarctica are the
opposite of the Arctic Circle. For example, the winter solstice in Antarc-
tica occurs around June 21 and the summer is around December 21. At 90°
south (South Pole) and 90° north (North Pole), these regions have roughly six
months of daylight and six months of night.

Andrew J. Hund

north of the Antarctic Circle called the subantarctic zone is 20-30 miles (32—48 km)
running between the forty-eighth and sixty-first parallel called the “Antarctic
Convergence.”

Unlike the Arctic Circle, Antarctica has no tundra, shrubs, or tree lines. There
are a limited but diverse species of fungi, liverworts, lichens, and mosses, all of
which have evolved to survive in Antarctica environments, characterized by cold
temperatures and limited precipitation. Specifically, there are around 20 different
microfungi, 25 liverworts, 350 lichens, and about 100 species of mosses. There
are also two types of flowering plants, Antarctic hair grass and pearlwort. There
are no terrestrial mammals in Antarctica. There are a number of marine mammals,
such as whales and seals, as well as various birds, such as penguins, albatrosses,
sheathbills, gulls, terns, shearwaters, petrels, cormorants, ducks, geese, and swans.
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Antarctica landscape. (Corel)

POLAR NIGHT

Polar night is when the sun does not appear above the horizon for more than
24 hours. This occurs only in polar circle regions above 66.5° N and 66.5° S.
The 24 hours of darkness corresponds to the winter solstices in each of the
Antarctic and Arctic Circles. The term “solstice” means standstill in Latin.
All locations north of the Arctic Circle (66.5° N) experience at least a 24-
hour period of darkness on the winter solstice (December 21). During the
winter solstice, in the Northern Hemisphere, the North Pole (location 90°
N) is tilted away from the sun and directly over the Tropic of Capricorn. The
earth, during the winter solstice, is leaning away from the sun, and the earth
receives a shorter period of sunlight due to its position relative to the sun. The
extended periods of darkness coupled with shorter periods of light during
the day result in decreased temperatures in the Northern Hemisphere of the
earth. The winter solstice in the Southern Hemisphere occurs during the sum-
mertime in the Northern Hemisphere. The polar night in Antarctica (66.5° S)
occurs around June 21st.

Andrew J. Hund
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The human population of the Antarctic Circle is located at the scientific stations,
which are both seasonal and year around.
Andrew J. Hund

See also: Antarctic Ice Sheet; Antarctic Peninsula; East Antarctica; Lake Vostok; Lambert
Glacier; McMurdo Dry Valleys of East Antarctica; Transantarctic Mountains; Vinson Mas-
sif; Volcanoes in Antarctica; West Antarctica
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Antarctic Cruise Industry

During the last decades of the twentieth century, Antarctica became an important
destination for the international cruise ship industry. Typically, Antarctic cruises
are carried out with ice-strengthened cruise ships limited in passenger capacity
and offering few amenities in comparison to other cruise ship destinations.
Antarctic cruises offer Zodiac landings and lectures by experts on a variety of
Antarctica-related subjects, like biology, geology, glaciology, and the history of
Antarctica.

Most cruises depart from the southern tip of South America and commonly in-
clude visits to the Falkland Islands and South Georgia prior to continuing to Ant-
arctica itself. The peninsula region is the area most visited by Antarctic cruise
ships, and places like Port Lockroy or Deception Island are typical destinations for
nearly all ships.

The development of the Antarctic cruise industry began with the tours of the
MYV Lindblad Explorer in the late 1960s, and while still a comparable small niche
sector, today more than a dozen operators offer Antarctic cruises on a regular base
with more than 37,000 cruise ship passengers visiting Antarctica during the season
2009/2010 alone.

The Antarctic cruise ship industry is subject to the regulations of the Antarctic
Treaty System, and since the founding of the International Association of Ant-
arctic Tour Operators (IAATO), there are mandatory regulations for cruise ship
visits to Antarctica for the members of the association. These regulations in-
clude limitations for the number of passengers on land, guidelines for encounters
with the Antarctic fauna, regulations related to invasive species, contamination
of the Antarctic environment, and training standards for expedition leaders and
guides.
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Despite of all efforts the Antarctic cruise industry is sometimes considered a sig-
nificant environmental threat for the Antarctic. An example is tourists who have
brought barley seeds to Antarctica, causing substantial biosecurity fears of invasive
species. Some Antarctic scientists and specialists as a result argue that at least some
types of tourism should be restricted or prohibited.

Due to the special situation of Antarctica as a region characterized by a lack
of national jurisdiction, IAATO serves not only as a lobby group, but also as the
main organization of a largely self-regulated industry. Nevertheless all visits of
cruise ships to Antarctica require a permit under the Antarctic Treaty System.

Despite the operations in extreme environmental conditions including the ice-
covered waters of Antarctica or the extreme weather and sea conditions of the
Drake Passage, the Antarctic cruise industry experienced up to now only a very
limited number of substantial accidents, most notably the loss of the MV Explorer
in November 2007. While the ship got completely lost after a collision with an
underwater obstacle, most probably ice, all 91 passengers, 9 guides, and 54 crew
could be brought to safety with the support of other cruise ships and governmental
vessels of various nations.

The Antarctic cruise industry is basically the only option for tourists to visit Ant-
arctica, but even in comparison with other high-prized cruise ships’ destinations,
Antarctica remains one of the most expensive tourist destinations on the whole
globe.

Ingo Heidbrink
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Antarctic Fur Seals

Antarctic fur seals (Arctocephalus Gazella) live in the Antarctic regions and near
sub-Antarctic islands, with 95 percent of their breeding population living on South
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Georgia Island. The Antarctic fur seal is one of 16 species of marine mammals in
the family of eared seals. Antarctic fur seals are part of the group of marine animals
known as pinnipeds.

Adult males are dark brown in color. Adult females tend to be grey. Male seals
can live up to 15 years, while females can live up to 23 years. Male Antarctic fur
seals are heavier than female Antarctic fur seals with males weighing up to ap-
proximately 400 pounds and females weighing around 100 pounds. The seal spends
most of its life at sea, hunting for food. Antarctic fur seals feed off krill, squid, and
fish, and penguin. Predators of Antarctic fur seals include killer whales and leopard
seals, which hunt Antarctic fur seal pups.

The Antarctic fur seal was once at grave risk of extinction due to commercial
fishing in the nineteenth century. Antarctic fur seals were hunted for their pelt. As of
2011, they are protected under the Antarctic Treaty, Convention for the Conserva-
tion of Antarctic Seals, and the Convention on International Trade in Endangered
Species. Researchers estimate there are between 4-5 million Antarctic fur seals.

Female Antarctic fur seals are pregnant most of their lives. The females arrive
at the breeding grounds in late spring or early summer. Within a week of giving

Antarctic fur seal pup. (National Oceanic and Atmospheric Administration)
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A sketch of the “killing-gang at work” by Henry W. Elliott, the Smithsonian naturalist
hired to study sealing operations in Alaska. Elliott’s outrage over the widespread slaughter
pressured the government to enact the Convention for the Protection of Fur Seals in
Alaska in 1892. (National Oceanic and Atmospheric Administration)

birth, they are fertile, mate, and become pregnant again. They are pregnant while
nursing their newborn pups four months. The female after weaning the pup then
heads back out to sea to feed during the gestational period then returns to the
breeding ground, gives birth, and breeds again. Males have multiple breeding
partners (sometimes as many as a dozen or more). Adult males can become physi-
cally aggressive defending access of their female mates. Females are pregnant
for a little over a year’s time.

Antarctic fur seals use vocalization to communicate. Males use two types of vo-
calizations: one is a warning roar used to ward off other males fur seals, often used
during breeding season. That warning roar also can be used to ward off predators.
The other, friendlier vocalization is used during breeding season to communicate
with females. Females can communicate vocally just as male Antarctic fur seals—
yet females do most of their communicating with their pups. They use sound and
smell to bond with their pups.

Peter R. Dean

See also: Bearded Seal; Crabeater Seal; Harp Seal; Hooded Seal; Leopard Seal; Ribbon
Seal; Ringed Seal; Ross Seal; Southern Elephant Seal; Spotted seal; and Weddell Seal.
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Antarctic Ice Sheet

The Antarctica continent is 5,339,572 square miles (13,829,430 sq. km) including
ice shelves and islands. Ninety-eight percent of the Antarctica continent is cov-
ered by ice. Antarctica is the world’s largest ice mass at 6.1 million cubic miles
(25.4 million cubic km). The Antarctic Ice Sheet accounts for about 90 percent of
the world’s freshwater. The average thickness of the Antarctic Ice Sheet is 6,000 ft.
(1,829 m). The total area of the ice shelves of Antarctica is 595,253 square miles
(1,541,700 sq. km). The Antarctic Ice Sheet is divided into two parts: the East
Antarctic Ice Sheets (EAISs) and West Antarctic Ice Sheets (WAISs). The WAISs
and EAISs are divided by the Transantarctic Mountains. EAIS rests on land, while
WALIS rests on land that would be submerged in the ocean.

West Antarctic Ice Sheets (WAIS)

The WALIS is called the “lesser Antarctica” and is considerably smaller than the
EAIS. Of the 6.1 million cubic miles of ice of the Antarctic Ice Sheet, around
10 percent (530,000 cubic miles [2.2 million cubic km]) is in the WAIS. WAIS is
classified as sea-based ice sheet, where if there was no ice, the land it sits atop would
be below sea level. The average thickness of EAIS is just more than 7,300 ft. (2,226 m).
The discharge rate of the WAIS inhibits ice from accumulating over 8,000 ft.
(2,500 m). The borders of the WAIS are the Transantarctic Mountains, the Ross Ice
Shelf, the Ronne Ice Shelf, and the Amundsen Sea. The WALIS is drained by several
large ice streams into three significant ice drainages, which are the Amundsen/
Bellingshausen (north), Ross (west), and Weddell Seas (northeast). The major ice
streams of the Amundsen/Bellingshausen Seas are the Pine Island (75° 10'S 100° W)
and Thwaites (75° 30'S 106° 45'W) Glaciers. Several ice streams drain into the
Ross shelf on the western side, such as the MacAyeal (80° S 143° W), Bindschadler
(81° S 142° W), Whillans (83° 40'S 145° W), and Mercer (84° 50'S 145° W)
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ice streams. These ice streams were formerly known as the Ice Stream E, D, B,
and A, respectively. Three ice streams flowing into the Ronne Ice shelves are the
Rutford (79° S 81° W), Evans (76° S 78° W), and the Foundation (83° 15'S 60° W).
Scientists note that the WALIS is losing ice mass due to climate change. This loss of
ice is attributed to the acceleration of ice streams primarily in the Amundsen Sea
region (e.g., Pine Island and Thwaites Glaciers). Major WAIS ice shelves include
the Ronne-Filchner Larsen (77° 51’ 33"S 61° 17' 57"W), Abbot (72° 45'S 96° W),
and Ross (81° 30'S 175° W).

East Antarctic Ice Sheets (EAIS)

The EAIS is called “Greater Antarctica” and rests atop a landmass that is mostly
mountain ranges above sea level. The borders of EAIS are the Transantarctic
Mountains and the Southern Ocean. Within the EAIS is the South Pole. The EAIS
does not have high mass turnover but rather has slight positive mass balance or
slight accumulation of ice. The ice on EAIS is thicker than the WAIS. The aver-
age thickness of the EAIS is more than 7,303 ft. (2,226 m), with Dome Charlie
(69° 56'S 135° 12'E) having the deepest ice at 15,700 ft. (4,776 m). Some rea-
sons for the difference in ice thickness between the EAIS and the WAIS are that
the WAIS has high mass turnover with high snow accumulation and significant
discharge via ice streams that exit out ice shelves. The highest elevation in EAIS
is Dome Argus (81° S 77° E), which is the Antarctic highest ice feature at 13,422
ft. (4,091 m) above sea level. A major drainage of EAIS is the Lambert Glacier
(71°S70° W) and accounts for approximately 12 percent of the EAIS volume drain-
age. The Lambert Glacier is the world’s largest and longest glacier covering more
than 386,000 square miles (1 million sq. km). The ice of the Lambert Glacier origi-
nates in the Polar Plateau in Mac Robertson Land. Major EALIS ice shelves, include
Riiser-Larsen (72°40'S, 16° W), Fimbul (70°30’S,0° 10'W), Amery (69°45'S71°E),
West (66° 40'S 85° E), and Shackleton (66° S 100° E). Presently, scientists note
that the EAIS has a stable ice mass and may be slightly increasing.

Andrew J. Hund

See also: Antarctic Circle; Cryoconite Holes; Iceberg Monitoring and Classification; Ice
Cap; Ice Core Climatic Data Proxies; Ice Domes: Argus, Charlie, and Fuji (Valkyrie); Ice
Sheet; Ice Shelf; Ice Shelves of Antarctica
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Antarctic Peninsula

The Antarctic Peninsula (75° S 63° S) is about 1,200 miles (2,000 km) long
extending from Prime Head (63° S) to roughly the Eklund Islands at the southwest
end of George VI Sound. The Antarctic Peninsula is generally divided into two
parts. The northern portion is Graham Land, and the southern portion is Palmer
Land. The Antarctic Peninsula is primarily a mountain range. The elevation of the
mountains increases as range progresses from Graham to Palmer Land. The land-
scape of the Antarctic Peninsula is characterized by coastal mountains, fjords,
and islands.

Graham Land

The northernmost part of Graham Land consists of more than a dozen major islands.
These islands are James Ross Island (64° 10'S 57° 45'W), Joinville Island group
(e.g., d’Urville [63° 5'S 56° 20'W], Joinville [63° 15'S 55° 45'W], Dundee [63°
30'S 55° 55'W], and Bransfield [63° 11'S 56° 36'W] Islands), Snow Hill Island (64°
28'S 57° 12'W), Vega Island (63° 50'S 57° 25'W), Seymour Island (64° 14'S 56°
37'W), Rosamel Island (63° 34'S 56° 17'W), Paulet Island (63° 35'S 55° 47'W),
Lockyer Island (64° 27'S 56° 36'W), Eagle Island (63° 65'S 57° 45'W), Jonassen
Island (63° 33'S 56° 40'W), Astrolabe Island (63° 17'S 58° 40'W), and Tower Island
(63° 34'S 59° 50'W). Another large group of islands offshore from Graham Land is
the South Shetland Islands. The South Shetland Islands (62° S 58° W) are a group
of 11 major island and many minor islands. About 85 percent of the islands are per-
manently glacier covered. All of these islands are located outside of the Antarctic
Circle.

In the Graham Land region, there are a number of coasts. On the Bellingshausen
Sea (western) side of the coasts are Davis, Danco, Graham, Loubet, and Falliéres.
There are several islands along these coasts, such as Deception, Trinity, Biscoe,
and Adelaide. On the Weddell Sea (eastern) side of Graham Land, the coasts are
Nordenskjold, Oscar II, Foyn, and Bowman. North of these coasts is the Trin-
ity Peninsula (63° 37'S 58° 20'W) stretching to Prime Head (63° S). The Larsen
Ice Shelf (67° 30'S 62° 30'W) is situated along the Oscar II, Foyn, Bowman, and
Wilkins Coasts of Graham and Palmer Land. The ice shelf faces the Weddell Sea
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and is located between Cape Longing (64° 33'S 58° 50'W) on Longing Island of
Graham Land and Hearst Island (69° 25'S 62° 10'W) off Palmer Land. The Larsen
Ice Shelf covers an area about 19,000 square miles (48,600 sq. km).

Palmer Land

Palmer Land (71° 30'S 65° W) is the southern portion of the Antarctic Peninsula.
The border between Graham and Palmer Land is Cape Jeremy (69° 24'S 68° 51'W)
and the east tip of Hollick-Kenyon Peninsula at Cape Agassiz (68° 29'S 62° 56'W).
Cape Jeremy neighbors the entrance to the George VI Sound. The southern border
of Palmer Land is roughly 80° W bordering Ellsworth Land to the Carlson Inlet (78°
S 78° 30'W) of the Ronne Ice Shelf. The Wordie Ice Shelf is on the southwestern
coast of Palmer Land.

In Palmer Land, there are a number of coasts. On the Bellingshausen Sea (west-
ern) side is the English Coast. Alexander I Island is the major island on this side
of Palmer Land. Alexander I Island (71° S 71° W) is the largest Antarctic Island

NEUMAYER CHANNEL

Neumayer Channel (64° 47'S 63° 8'W) is a 16-mile (25-km) sea channel in
a northeast to southwest direction with a width of about 1.5 miles (2.4 km)
located in the west coast of the Antarctic Peninsula, separating Anvers Island
from Wiencke Island, in the Palmer Archipelago.

The southwest entrance of the channel was first seen by Eduard Dallmann
(1830-1896), the leader of a German expedition in 1873—1874, who named it
“Roosen Channel.” But later, the Belgian Antarctic Expedition led by Adrien
Victor Joseph de Gerlache de Gomery (1866—1934) in 1897-1899 sailed
through the channel and named it after Georg von Neumayer (1826-1909),
a German astronomer, geophysicist, and polar explorer who’s help was very
important to Gerlache’s expedition. Neumayer was, since 1879, the chairman
of the International Polar Commission founding the First International Polar
year in 1882. The main German research station in Antarctica is also named
after him: Neumayer Station.

Neumayer Channel is very well known by its astonishing views and ma-
jestic cliffs, and said to be like a labyrinth with no visible exits because of its
inverted S-shape. It is one of the most desired locations to visit by Antarctic
Tourist Ships, which sail through the channel to get to Port Lockroy (64° 49'S
63° 26'W), an old British Base now turned into a historic site.

Luciana M. Motta
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measuring about 240 miles (390 km) long and 50 miles (80 km) wide. The total
area of the Alexander I Island is about 19,000 square miles (49,000 sq. km). This
island is the second largest uninhabited island in the world, with Devon Island
(75° 08'N 087° 51'W) in the Canadian Arctic Archipelago being the largest.

Alexander I Island is located between the Ronne Entrance (east) and Marguerite
Bay (west) and Palmer Land and the Bellingshausen Sea. The Ronne Entrance (72°
30'S, 74° W) is on the eastern side in between the George VI Sound (71° S 68° W)
and the Bellingshausen Sea just southwest of Alexander I Island. On the Ronne
Entrance side is the 45-mile (72-km) Bach Ice Shelf (72° S 72° W). Marguerite
Bay (68° 30'S 68° 30'W) is on the west side located between Adelaide Island in the
north and runs along the Fallieres Coast of the Antarctic Peninsula, and Alexander |
Island and the George VI Sound to the south. Other notable islands on the English
coast are Smyley and Spaatz.

On the Weddell Sea (eastern) side the Palmer Land coasts are Wilkins, Black,
Lassiter, Orville, and Zumberge. There are two ice shelves running along the
Palmer Land coast, which are the Larsen-D and Ronne ice shelves. The Ronne
Ice Shelf is bordered by the Orville and Zumberge coasts of Palmer and Ellsworth
Land. Ronne-Filchner Ice Shelf is the second largest in Antarctica (162,935 square
miles [422,000 sq. km]) located at the head of the Weddell Sea.

Several inlets are found along the Weddell Sea side of Palmer Land, such the
Hilton, Violante, and New Bedford. There are several mountains within Palmer
Land, such as the Latady, Seward, and Sweeney.

Research Stations

Fourteen countries have more than 30 permanent and seasonal stations and bases
on the Antarctic Peninsula. The countries with stations are Argentina, Brazil, Chile,
China, Ecuador, Peru, Poland, Russia, South Korea, Spain, Ukraine, the United
Kingdom, the United States, and Uruguay. Argentina has four permanent stations:
Esperanza (63° 23'S 56° 59'W) in Hope Bay, Jubany or Carlini (62° 14'S 58° 40'W)
on King George Island, Marambio (64° 14'S 56° 37'W) on Seymour-Marambio
Island, and San Martin (68° 7'S 67° 6'W) on Barry Island. Argentina has also
seven seasonal stations and bases: the Almirante Brown Base (64° 53'S 62° 53'W)
in Paradise Bay, Base Deception (62° 52'S 60° 43'W) on Deception Island, Base
Primavera (64° 9'S 60° 57'W) on the Danco Coast, Petrel Air Station (63° 28'S
56° 17'W) on Dundee Island, Teniente Camara Base (62° 2'S 58° 42'W) on Liv-
ingston Island, Base Melchior (64° 20'S 62° 59'W) on Anvers Island, and Teniente
Matienzo Base (64° 58'S 60° 4'W) near Larsen Nunatak.

Brazil has a permanent station called “Comandante Ferraz Antarctic Station”
(62°8'S 58°40'W) located in Admiralty Bay on King George Island. Brazil also has
anumber of shelters on the Antarctica Peninsula, which include Refuge Astronomer
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Cruls (62° 14'S 58° 48'W) on Nelson Island, and Refuge Emilio Goeldi (61° 5'S
55° 20'W) and Refuge Engineer Wiltgen on Elephant Island.

The Chilean permanent bases include Base Presidente Eduardo Frei Montalva
and Villa Las Estrellas (62° 11'S 58° 58'W) located on the Fildes Peninsula of King
George Island, Professor Julio Escudero Base (62° 12'S 58° 57'W) on King George
Island, Captain Arturo Prat Base (62° 28'S 59° 39'W), and Base General Bernardo
O’Higgins Riquelme (63° 19'S 57° 53'W) on the Trinity Peninsula. The seasonal
Chilean bases are Teniente R. Marsh Martin Base on King George Island, Gonzélez
Videla Antarctic Base (64° 49'S 62° 51'W) at Paradise Bay of Water Boat Point,
and Base Yelcho (64° 52'S 63° 35'W) in South Bay of Doumer Island.

Several countries have only one research station, such as China, Ecuador, Peru,
Poland, Russia, Spain, South Korea, Ukraine, the United States, and Uruguay. The
Chinese station is the Great Wall Station (62°12' 59”S 58° 57" 44"W) on King
George Island. Ecuador’s seasonal station is Pedro Vicente Maldonado Base (62°
26'S 59° 44'W) at Guayaquil Bay on Greenwich Island. Machu Picchu Research
Station (62° 5'S 58° 28'W) is Peru’s seasonal station at Admiralty Bay on King
George Island. The Poland station is the Henryk Arctowski Polish Antarctic Sta-
tion (62° 9'S 58° 28'W) on King George Island. The Russian station is on King
George Island and is called the “Bellingshausen Station” (62° 11'S 58° 57'W).
Juan Carlos I Antarctic Base (62° 39'S 60° 23'W) is the government of Spain’s
seasonal base at South Bay on Livingston Island. King Sejong Antarctic Station
(62° 2'S 58° 21'W) located on King George Island is South Korea’s research sta-
tion. The Vernadsky Research Base (65° 14'S 64° 15'W) is Ukraine’s Antarctic
Station and was formerly the United Kingdom’s Faraday (or Base F). It is located
at Marina Point on Galindez Islands. Palmer Station (64° 46'S 64° 3'W) is the U.S.
station on Anvers Island. Uruguay’s Artigas Base (62° 11'S 58° 54'W) is located
on King George Island.

The United Kingdom has two stations on the Antarctica Peninsula run by the
British Antarctic Survey. The first is Rothera Research Station (67° 34'S 68° 7'W)
at Rothera Point on Adelaide Island. The other is Fossil Bluff (71° 20'S 68° 17'W)
located on Fossil Bluff of Alexander I Island.

The Antarctica Peninsula has the least cold climate of Antarctica and thus is the
most biological diverse place found in Antarctica. This area is where in summer
algae, moss, and lichen (e.g., old-man’s beard and Bryoria species) grow. The only
two native vascular plants in Antarctica grow here, which are the Antarctic hair
grasses (Deschampsia antarctica) and the Antarctic pearlworts (Colobanthus qui-
tensis). It is also home to penguins (Adélie, chinstrap, emperor, and Gentoo); fly-
ing seabirds (southern fulmar, petrels [cape, southern giant, snow, Wilson’s storm],
skuas [brown and south polar], kelp gull, Antarctic tern, and the imperial shag);
seals (crabeater, leopard, Weddell, and the south elephant); and sei whales. Mar-
guerite Bay on Dion Island is only place where emperor penguins breed in West
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Antarctica. The southernmost colony of gentoo penguins is found on Petermann
Island. Lastly, the cryopelagic fish “bald notothen” lives in the below-zero water
of the peninsula.

Andrew J. Hund

See also: Alexander I Island; Antarctic Territorial Claims; Antarctic Treaty System (ATS);
Deception Island; East Antarctica; South Sandwich Islands; Weddell Sea
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Antarctic Programs and Research Stations/Bases

Since there are no permanent residents in Antarctica, the researchers and support
staff are the population of the Antarctica Continent. In the summer months, there
are about 4,000 people in Antarctica and about 1,000 over winter. Thirty-one coun-
tries have national Antarctic programs and maintain more than 70 permanent and
seasonal research stations or bases. There are approximately 45 permanent year-
round stations and 30 seasonal stations. There are more than 20 airstrips that sup-
port these permanent and seasonal research stations or bases. The U.S. McMurdo
station on Ross Island is the only permanent harbor.

Most of the national Antarctic program countries are members of the Council of
Managers of National Antarctic Program (COMNAP) and the Scientific Commit-
tee on Antarctic Research (SCAR). There are 29 member countries of the COM-
NAP, which are: Argentina, Australia, Belgium, Brazil, Bulgaria, Chile, China,
Czech Republic, Ecuador, Finland, France, Germany, India, Italy, Japan, Korea,
Republic of the Netherlands, New Zealand, Norway, Peru, Poland, Russia, South
Africa, Spain, Sweden, Ukraine, United Kingdom, United States, and Uruguay.
Membership to CONMAP is limited to nations that are Antarctic Treaty signatories
and have ratified the Madrid Protocol. There are 31 countries that are members of
SCAR, which are Argentina, Australia, Belgium, Brazil, Bulgaria, Canada, Chile,
China, Ecuador, Finland, France, Germany, India, Italy, Japan, Korea, Republic
of Malaysia, the Netherlands, New Zealand, Norway, Peru, Poland, Russia, South
Africa, Spain, Sweden, Switzerland, Ukraine, United Kingdom, United States, and
Uruguay. SCAR was established in 1958 and is governed under the International
Council for Science, which is an international interdisciplinary research organiza-
tion for the advancement of science.
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Argentine Antarctic Program

The Argentinean National Antarctic Program is called the “Argentine Antarctic
Program” (a.k.a. Instituto Antartico Argentino [IAA)]) and is governed by the
Direccién Nacional del Antartico (DNA). The IAA was established on April 17,
1951. Argentina was the first country to create an organization dedicated exclu-
sively to Antarctic research. Argentina has six permanent and seven seasonal sta-
tions and bases. The permanent stations are Belgrano II (77° 52'S 34° 38'W) on
the Luitpold Coast; Esperanza (63° 23'S 56° 59'W) in Hope Bay; Jubany or Carlini
(62° 14'S 58° 40'W) on King George Island; Marambio (64° 14'S 56° 37'W) on
Seymour-Marambio Island; Orcadas Base (60° 44' 25"S 44° 44' 33"W) on Laurie
Island; and San Martin (68° 7'S 67° 6'W) on Barry Island. The seven seasonal
stations and bases are the Almirante Brown Base (64° 53'S 62° 53'W) in Paradise
Bay; Base Deception (62° 52'S 60° 43'W) on Deception Island; Base Primavera
(64° 9'S 60° 57'W) on the Danco Coast; Petrel Air Station (63° 28'S 56° 17'"W) on
Dundee Island; Teniente Camara Base (62° 2'S 58° 42'"W) on Livingston Island;
Base Melchior (64° 20'S 62° 59'W) on Anvers Island; and Teniente Matienzo Base
(64° 58'S 60° 4"W) near Larsen Nunatak.

Australian Antarctic Division

The Australian National Antarctic Program is called the “Australian Antarctic Divi-
sion” (AAD) and is governed by the Australian Department of the Environment.
The AAD maintains four year-round research stations. Three permanent stations
in Antarctica are Casey (66° 17'S 110° 31'E) on Windmill Islands; Davis (68° 35'S
77° 58'E) on the Ingrid Christensen Coast of Princess Elizabeth Land; and Maw-
son (67° 36'S 62° 52'E) in Holme Bay in Mac Robertson Land. The AAD also has
a subantarctic station on Macquarie Island (54° 30'S 158° 57'E), which is about
halfway between Australia and Antarctica.

Belgium Polar Secretariat

The Belgian Antarctic Research Program is called the “Belgium Polar Secretar-
iat.” Since 1985, the Belgian Antarctic Program has been funded by the Belgian
Federal Science Policy. The Belgians constructed their seasonal research station
Princess Elisabeth Base (71° 57'S and 23° 20'E) in 2009. This base is located in
Queen Maud Land.

Brazil Antarctic Program

The Brazilian Antarctic Program is called ‘“Programa Antértico Brasileiro” (PRO-
ANTAR) in Portuguese and is governed by the Brazilian Navy. The PROANTAR
has a permanent station called “Comandante Ferraz Antarctic Station” (62° 8'S 58°
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40'W) located in Admiralty Bay on King George Island. Brazil has also a number of
shelters on the Antarctica Peninsula, which include Refuge Astronomer Cruls (62°
14'S 58° 48'W) on Nelson Island, and Refuge Emilio Goeldi (61° 5'S 55° 20'W) and
Refuge Engineer Wiltgen on Elephant Island. Inland PROANTAR operates a stand-
alone atmospheric station called “Criosfera 1 (84° S 79° 30'W) on Union Glacier.

Bulgarian Antarctic Institute

In 1993, the Republic of Bulgaria established their national Antarctic program
named the “Bulgarian Antarctic Institute” (BAI). The BAI works on research proj-
ects with many other Antarctic programs. The BAI also participates on various
Antarctic political bodies, such as the COMNAP, the European Polar Board, the
Standing Committee on Antarctic Logistics and Operations, and the SCAR. The
only base of the BAI is St. Kliment Ohridski located on Livingston Island in
the South Shetland Islands.

Chilean Antarctic Institute

The Chilean Antarctic Research Program is called the “Chilean Antarctic Institute”
(Instituto Antdrtico Chileno [INACH] in Spanish). The INACH was established in
1979 and is governed by the Chilean minister of Foreign Affairs. The Chilean per-
manent bases include Base Presidente Eduardo Frei Montalva and Villa Las Estrel-
las (62° 11'S 58° 58'W) on the Fildes Peninsula of King George Island; Professor
Julio Escudero Base (62° 12'S 58° 57'W) on King George Island; Captain Arturo
Prat Base (62° 28'S 59° 39'W), and Base General Bernardo O’Higgins Riquelme
(63° 19'S 57° 53'W) on the Trinity Peninsula. The seasonal Chilean bases are
Teniente R. Marsh Martin Base on King George Island, Gonzalez Videla Antarctic
Base (64° 49'S 62° 51'W) at Paradise Bay of Water Boat Point, and Base Yelcho
(64° 52'S 63° 35'W) in South Bay of Doumer Island.

China (Polar Research Institute of China)

The Chinese National Antarctic Research Program directed by Chinese Arctic and
Antarctic Administration is allied with the People Republic of China’s State Oce-
anic Administration (SOA). The subsidiary research arm of the SOA is the Polar
Research Institute of China. The Chinese operate two year-round stations and one
summer station. The two permanent stations are the Great Wall and Zhongshan.
The Great Wall Station (62° 12’ 59"S 58° 57’ 44"W) is on King George Island.
The Zhongshan (69° 22’ 24"S 76° 22" 40"E) is located on the Larsemann Hills of
Princess Elizabeth Land. The seasonal Kunlun Station (80° 25'1"S 77° 6’ 58"E) is
on the Antarctic Plateau close to Dome Argus.
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Czech Republic

The Czech Republic seasonal research station of the Masaryk University is called
the “Johann Gregor Mendel Czech Antarctic Station” (63° 48'S 57° 53'W). It was
opened in 2006 and is located on James Ross Island.

Ecuadorian Antarctic Institute

Ecuador’s Antarctic Program is called the “Ecuadorian Antarctic Institute” (Insti-
tuto Antdrtico Ecuatoriano, in Spanish). Ecuador’s seasonal station is Pedro Vicente
Maldonado Base (62° 26'S 59° 44'W) at Guayaquil Bay on Greenwich Island.

Finnish Antarctic Research Program

The Finnish Antarctic Research Program is governed by the Finnish Meteorologi-
cal Institute. Aboa (73° 3'S 13° 25'W) is the seasonal research station of Finland
located on the Basen nunatak in Queen Maud Land.

French National Antarctic Program

The French National Antarctic Program is governed by the Institut Polaire Fran-
cais Paul Emile Victor (IPEV) (French Polar Institute, in English). The IPEV was
established in 1992. France operates two permanent Antarctica stations, which
are Dumont d’Urville Station (66° 39" 46"S 140° E), in Adelie Land and the joint
French Italian Concordia Station (72° 6’S 123° 20'E). The Concordia Station is
located on the Antarctic Plateau near Dome Charlie.

German Antarctic Research Program

The German Antarctic Research Program is called the “Alfred Wegener Insti-
tute” (AWI). The AWI was established in 1980 and focused on both polar regions.
Germany has two research stations in Antarctica, the permanent Neumayer III
(70° 40' 28"S, 8° 16’ 27"W) on the Ekstrom Ice Shelf and the seasonal Kohnen
(75° S 0° 4'E) located in Queen Maud Land.

Indian Antarctic Research Program

The Indian Antarctic Research Program is currently called the “National Centre
for Antarctic and Ocean Research” (NCAOR) under the Indian Ministry of Earth
Sciences. NCAOR operates two research stations, the Maitri and Bharathi. The
Maitri (70° 46'S 11° 43’ 56"E) research station is located on the Schirmacher Oasis
in Queen Maud Land. The Bharathi (69° 24’ 28"S 76° 11’ 14"E) research station
became operational in 2012 and is located near Prydz Bay on Larsemann Hills close
to the Amery Ice Shelf.
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Instituto Antartico Peruano

The Peruvian National Antarctic Program is called the “Instituto Antértico Peru-
ano.” The Instituto Antdrtico Peruano is governed by the Peruvian Ministry of For-
eign Affairs. Machu Picchu Research Station (62° 5'S 58° 28'W) is Peru’s seasonal
station at Admiralty Bay on King George Island.

Italian Antarctic Research Program

In 1985, the Italian Antarctic Research Program was called the Programma Nazio-
nale di Ricerche in Antartide and the National Scientific Committee for Antarctica.
Italy operates two Antarctica stations. The year-round station is Concordia and the
summer station is Zucchelli. The Concordia Station (72° 6'S 123° 20'E) is a joint
French Italian venture and is located on the Antarctic Plateau near Dome Charlie.
The Zucchelli Station (74° 42'S 164° 7'E) is located near Terra Nova Bay of Vic-
toria Land.

Japan Antarctic Research Program

The Japanese Antarctic Research Expedition (JARE) was established in 1955. JARE
is currently governed by the Japanese Ministry of Education, Culture, Sports, Sci-
ence, and Technology and managed by the National Institute of Polar Research
(NIPR). NIPR was established in 1973. Japan operates four Antarctic stations, which
are Asuka, Mizuho, Syowa, and Dome Fuji. Asuka Station (71° 31’34 "S 24° 8’
17"E) is an unmanned year-round station in Queen Maud Land. Mizuho Station
(70° 41" 53"S 44° 19' 54"E) was officially closed in 1987 but does have scientists
conducting science periodically. Syowa Station (69° S 39° 35'E) is located on East
Ongul Island in Queen Maud Land. It is Japan’s largest research station and oper-
ates year-round. Dome Fuji Station (77° 19'S 39° 42'E) was established in 1995 by
JARE. It is located about 620 miles (1,000 km) inland from the JARE Syowa Station.

Korea (South) Antarctic Program

The South Korea Antarctic Program was established in 1987 by the polar research
institute called the “Korea Ocean Research and Development Institute” (KORDI)
along with the Korean National Committee on Antarctic Research. Under the
KORDI, there is another institute called the Korea Polar Research Institute, which
is focused on facilitating the research activities and operation of South Korea’s two
Antarctica research stations. The two South Korean stations are the King Sejong
Antarctic Station (62° 13’ 24"S 58° 47" 21"W) located on King George Island and
the under-construction Jang Bogo Station (74° 36’ 55”S 164° 12'3"E) in Terra Nova
Bay. Jang Bogo Station is scheduled to be completed in 2014.
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The Netherlands Antarctic Program

The Netherlands polar research activities (Arctic and Antarctic) are coordinated
by the Netherlands Polar Programme (NPP), which was established in 2002.
The NPP is governed by the Earth and Life sciences division of the Nether-
lands Organization for Scientific Research (NWO). The research station of the
government of the Netherlands is a joint venture between the British Antarctic
Survey (BAS) and the NWO called the “Dirck Gerritsz Laboratory.” The Dirck
Gerritsz Lab is housed in the BAS Rothera Research Station and was opened on
February 25, 2013.

New Zealand Antarctic Program

The New Zealand Antarctic Program is called the “Antarctica New Zealand.” Ant-
arctica New Zealand is under the New Zealand Ministry of Foreign Affairs and
reports to their Antarctic Policy Unit. New Zealand operates one Antarctica Station
called “Scott Base” (77° 51'S 166° 45'E) on the southern part of Ross Island.

Norwegian Antarctica Program

Norway’s Antarctic Program is called the “Norwegian Polar Institute,” which
was established in 1928. The Norwegian Polar Institute covers both the Arc-
tic and Antarctica regions and has offices in Svalbard (Longyearbyen and Ny-
Alesund) and South Africa (Cape Town). The Norwegian Polar Institute has two
Antarctic stations on the Princess Martha Coast of Queen Maud Land, which are
the year-round Troll Station (72° S 2° 32'E) and the seasonal Tor station (71° 53’
20"S 5°9' 30"E).

Pakistan Antarctic Program

The Pakistan Antarctic Program is called the Pakistan Antarctic Programme (PAP).
The PAP is governed by the Pakistan Ministry of Science and Technology. PAP
maintains one seasonal station called the Jinnah Antarctic Station (JAS). The JAS
(70° 24'S 25° 45'E) is located near the Sgr Rondane Mountains in Queen Maud Land.

Poland Antarctica Program

Started in 2012, Poland’s Antarctic Program is called the “Polish National Antarc-
tic Program.” The Polish National Antarctic Program is under the direction of the
Department of Antarctic Biology of the Institute of Biochemistry and Biophysics,
Polish Academy of Science. The research station of the Polish National Antarctic
Program is the Henryk Arctowski Polish Antarctic Station (62° 9'S 58° 28'W) on
King George Island.



Antarctic Programs and Research Stations/Bases | 47

Romania Antarctic Program

The Romanian Antarctic Program is a private venture supported financially
by the Romanian Antarctic Foundation via the Romanian Institute of Polar
Research. The Romanian Institute of Polar Research maintains one seasonal
station called the Law-Racovitd Station (69° 23'S 76° 23'E) located on the
Larsemann Hills of Princess Elizabeth Land.

Russian Federation Antarctic Program

The Union of Soviet Socialist Republic (USSR), now the Russian Federation,
established an Antarctica program in 1920 that in 1958 was formerly named the
Arctic and Antarctic Research Institute (AARI). The AARI maintains a number of
year-round and seasonal research stations, such as Mirny (66° 33’ 7”S 93° E) in the
Davis Sea; Vostok (78° 28'S 106° 48'E) on the EAIS; Novolazarevskaya (70° 46
37"S 11°49' 26"E) on the Schirmacher Oasis of Queen Maud Land; Molodezhnaya
(67°40'S 45° 50'E), an unmanned station in the Thala Hills of Enderby Land; Bell-
ingshausen (62° 11'S 58° 57'W) on King George Island; Leningradskaya (69° 30'S
159° 23'E) on the Oates Coast in Victoria Land; Russkaya (74° 46'S 136° 52'W) on
the Ruppert Coast of Marie Byrd Land; and Progress (69° 22" 44"S 76° 23" 13"E)
located on the Larsemann Hills of Princess Elizabeth Land.

South Africa Antarctic Program

The South Africa Antarctic Program is called the “South African National Ant-
arctic Programme” (SANAP). SANAP is governed by the Department of Envi-
ronmental Affairs. South Africa operates one Antarctica Station in Antarctica
called “SANAE IV” (South African National Antarctic Expedition) (71° 40'25'S
2° 49'44'E) on the nunatak called Vesleskarvet in Queen Maud Land.

Spain Antarctic Program

Spain’s Antarctic Program is called the “Spanish Polar Committee or the Comite
Polar Espanol” (CPE), in Spanish. The CPE seasonal bases are Juan Carlos I Ant-
arctic Base (62° 39'S 60° 23'W) at South Bay on Livingston Island and Gabriel de
Castilla (62° 58" 40”S 60° 40" 30"W) on Deception Island in the South Shetland
Islands.

Sweden Antarctic Program

The Swedish Antarctic Program is operated by the Swedish Polar Research Sec-
retariat. Since 1984, the Swedish Polar Research Secretariat is governed by the
Swedish Ministry of Education and Research. Sweden maintains two seasonal
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research stations, called the Svea Research Station (74° 35'S 11° 13’'W) and the
Wasa Research Station (73° 3'S 13° 25'W). Both are located in Queen Maud Land.

Ukraine Antarctic Program

The Ukraine Antarctic Program is the National Antarctic Scientific Center estab-
lished in 1993. Ukraine purchased the UK Faraday Station for 1 pound in 1996.
This purchased station was renamed Akademik Vernadsky Station (65° 14" 43"S
64° 15' 24"W) and is located on Marina Point on Galindez Island in the Argentine
Islands.

United Kingdom Antarctic Program

The United Kingdom Antarctic Program is called the “British Antarctic Survey”
(BAS) and was established in 1962. The BAS operates three permanent stations: the
Rothera Research Station (67° 34’S 68° 7'W) at Rothera Point on Adelaide Island;
the Halley Research Station (75° 34’ 54"S 26° 32' 28"W) on the Brunt Ice Shelf
on Coats Land; and Fossil Bluff (71° 20'S 68° 17'W) located on Fossil Bluff of
Alexander I Island. Fossil Bluff is operated by the Rothera Research Station and is
largely a support facility. The BAS seasonal station is the Signy Research Station
(60° 43'S 45° 36'W) on Signy Island.

United States Antarctic Program

The United States Antarctic Program (USAP) is known by the same name and was
established in 1956. The USAP is governed by the U.S. National Science Founda-
tion (NSF), Division of Polar Programs. The USAP maintains four permanent Ant-
arctic research stations, which are Amundsen—Scott South Pole, Palmer, McMurdo,
and Siple stations. The Amundsen—Scott South Pole station (90° S 0° E) is located
near the geographical South Pole. The Palmer Station (64° 46'S 64° 3'W) is located
on Anvers Island. The McMurdo Station was established in 1955 as a USAP sup-
port and logistics center. Presently, it has around 100 buildings and is capable of
supporting more than 1,200 people. It is the largest community in Antarctica. The
Siple Station (75° 55'S 83° 55'W) was established in 1973 by Stanford’s STAR
Lab. The USAP maintains two seasonal research stations, which are the Byrd
(80° S 119° W) and the West Antarctic Ice Sheet (WAIS) Divide. The WAIS divide
is an ice core drilling site. The USAP also has various summer field camps around
Antarctica for scientific research studies.

Uruguay Antarctic Program

The Uruguayan Antarctic Program is called the “Uruguayan Antarctic Institute”
(in Spanish, Instituto Antdrtico Uruguayo) and is governed by the Uruguay’s
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Ministries of Defense, Foreign Affairs, and Education. The permanent research sta-
tion of Uruguay is Artigas Base (62° 11'S 58° 54'W) that is located on King George
Island. The seasonal station is called “Estacién Cientifica Antartica Ruperto Elich-
iribehety” or ECARE (63° 24" 8"S 56° 58 23"W) in Hut Cove of Hope Bay.
Andrew J. Hund

See also: Alfred Wegener Institute (AWI); Amundsen—Scott South Pole Station; Arctic and
Antarctic Research Institute (AARI); Belgrano II Antarctic Station; Bharati Research Sta-
tion; Dirck Gerritsz Laboratory, the Netherlands; Georg von Neumayer Station, Neumayer
Station, Neumayer III Station; King Sejong Antarctic Station; Nuclear Power in the Arctic;
Troll Station; Vostok Station; Weddell #1 Antarctic Drifting Station; Zackenberg Research
Station; Zhongshan (Sun Yat-sen) Station

Further Reading
Council of Managers of National Antarctic Programs (COMNAP) Website.| https://

|WWW.comnap.ag/SitePages/Home.aspgl Accessed January 7, 2014.

National Science Foundation. “Polar Programs.’| http://www.nsf.gov/div/index.jsp?div+
. Accessed January 7, 2014.

Antarctic Research Stations/Bases. See Antarctic Programs
and Research Stations/Bases

Antarctic Territorial Claims

Officially, there are eight territorial or sector claims to the Antarctica south of the
60° S. These claims were made by seven nations before 1960. The seven nations
are the Argentina, Australia, Chile, France, New Zealand, Norway, and the United
Kingdom. Presently, the claims to the Antarctic are recognized only by the seven
participating nations. The scientific, research, and exploratory activities of the seven
nations are generally limited to their respective territories. The United States and
the Soviet Union (now the Russian Federation) reserved the right to make future
claims to Antarctica. Brazil may make a claim for the territory between 53° W and
28° W, which would overlap the Argentinean and United Kingdom’s claim. There
is also a large unclaimed land in the Marie Byrd Land region from the South Pole
(0° S) running along the 90° W and 150° W longitudes.

The United Kingdom officially claimed the British Antarctic Territory in 1962
but argues its original claim dates back to 1908. The British Antarctic Territory is
from the South Pole (0° S) to 60° S running along the 20° W and 80° W longitudes.
The territory resembles a slice of pie covering an area of 660,000 square miles
(1,709,400 sq. km). The British Antarctic Territory is overlapped by the Argentina
and Chile Antarctic claims. The overlapping sector claimed by Argentina is called
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“Argentine Antarctica” and is a wedge shape from the South Pole (0° S) to 60° S
running along the 25° W and 74° W longitudes. Argentine Antarctica is located
entirely within the British Antarctic Territory and was claimed in 1942. The over-
lapping sector claimed by Chile is called “Chilean Antarctic Territory” and was
claimed in 1940. It is wedge shaped from the South Pole (0° S) to 60° S running
along the 53° W and 90° W longitudes. The Chilean Antarctic Territory covers an
area of 480,000 square miles (1,250,000 sq. km).

The New Zealand claim is called “Ross Dependency” and was claimed in 1923.
Like the other claims, Ross Dependency is wedge shape originating at the South
Pole (0° S) to 60° S running along the 150° W and 160° E longitudes. It covers an
area of 174,000 square miles (450,000 sq. km). The only claim that is not within a
sector is Peter I Island (68° 51'S 90° 35'W) in the Bellingshausen Sea. This island
is one of two claims made by Norway. Peter I Island (68° 51'S, 90° 35'W) is a vol-
canic island approximately 250 miles (400 km) off the Antarctic coast. It is about
11 miles (18 km) long and around 5 miles (8 km) wide. Norway claimed the island
in 1929. Peter I Island is the only claim within the unclaimed Marie Byrd Land re-
gion (90° W and 150° W).

The Australian claim is called the “Australian Antarctic Territory,” but was orig-
inally a claim made by the United Kingdom. The United Kingdom passed the ter-
ritorial authority to Australia in 1933. The Australian Antarctic Territory is the
largest claim in Antarctica covering an area of 2,276,651 square miles (5,896,500
sq. km). There are two parts to the Australian Antarctic Territory. The first is wedge
shaped starting at the South Pole (0° S) to 60° S running along the 160° E and 136°
11'E longitudes. The second part starts at the South Pole (0° S) to 60° S running
along the 142.2° E and 44° 38'E longitudes. The small area in between Australian
Antarctic Territories is the French claim of Adélie Land. The Adélie Land claim
was made in 1840 and covers an area of 166,796 square miles (432,000 sq. km).
The territory starts at the South Pole (0° S) to 60° S running along the 142.2° E and
136° 11'E longitudes.

The second claim of Norway is Queen Maud Land with an area covering
1,042,476 square miles (2,700,000 sq. km). The territory is wedge shaped start-
ing at the South Pole (0° S) running along the 20° W and 45° E longitudes. Other
sector territorial claims’ latitudinal limit is 60° S, but the Queen Maud Land limit
was never established.

After the passage of the Antarctic Treaty in 1959 (put in force in 1961), most
countries did not recognize the Antarctic Territorial Claims. The basis for coun-
tries not recognizing the territorial claim is Article 1 of the Antarctic Treaty, which
made Antarctica a distinct territory. Others claim Article 2 is contradictory and re-
affirms territorial claims. There is one defunct claim in Antarctica. In 1939, Nazi
Germany claimed the Antarctic area, called New Swabia, that starts from South
Pole (0° S) and runs along the 20° E and 10° E longitudes. New Swabia has been
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subject to conspiracy theories ranging from a UFO base to a hideout for exile Nazis
after World War II. The claim to New Swabia was dropped after World War II.
Andrew J. Hund

See also: Antarctic Treaty System (ATS)
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Antarctic Treaty System (ATS)

The Antarctic Treaty System (ATS) is represented by the Antarctic Treaty of 1959,
Measures adopted in furtherance of the principles and objectives of the Treaty
and agreements and acts, associated with it constitute a farsighted system of inter-
national cooperation, which promotes international peace and security, scientific
knowledge and environmental protection (Recommendation XII-6, 1983).

The ATS operates as a mechanism of foreseeing, revealing, and addressing new
issues and demonstrated its ability to meet new challenges and attract new partici-
pants of the Antarctic community. The ATS presents a flexible and dynamic com-
plex, which can be adapted to changes in the modern world.

The Antarctic Treaty is the main ATS document. It was signed on December 1,
1959, in Washington by the delegations of the governments of Argentina, Australia,
Belgium, Chile, France, Japan, New Zealand, Norway, South Africa, the USSR, the
United Kingdom, and the United States, which participated in the Antarctic studies
under the program of the International Geophysical Year (IGY) 1957-1958. This
international law act has become a universal tool for the successful management
of activity in the earth’s South Polar region.

The treaty provisions on the use of Antarctica exclusively for peaceful purposes,
its nonmilitarization and neutralization, freedom of scientific investigation, declar-
ing the Antarctic as a nuclear-free zone, and cooperation of countries for these pur-
poses comprise the basic elements of the international legal regime of the region.

In spite of significant disagreements on defining the legal status of the Antarc-
tic and a large number of theoretical publications on this issue, standing up for the
political positions of their countries, participants to the Washington Conference in
1959 were able to reach a consensus in addressing this most complicated interna-
tional law issue. This has created conditions for the neutralization of the interna-
tional tension sources in the Antarctic.
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Article IV of the treaty on holding all territorial claims in the Antarctic in abey-
ance does not maintain but, on the contrary, eliminates the probability of conflicts
over territorial sovereignty of different Antarctic regions. A balance of interests ar-
rived at in the treaty serves as a guarantor of stability in the region. This basic provi-
sion of the treaty allows legal practice participants to assume common obligations
and jointly govern the activity in the Antarctic without impairing their principal
national positions in respect to the status of the Antarctic territories.

Participation in the IGY was open for any nation, and participants of the confer-
ence in Washington were the countries that took active practical participation in
the study of the Antarctic region. This approach allowed implementing in the fu-
ture one of the basic organizational principles of the ATS, which was formalized
to a notion of the Antarctic Treaty Consultative Party. A country, which carries out
significant scientific investigation in the Antarctic on a permanent basis, has this
status. The agreed decisions are adopted only by those parties, which have perma-
nently operating national Antarctic programs and research stations. This restricts
politicization of discussions between the treaty’s parties (Article IX, paragraph 2).
As of the beginning of 2013, the status of the Consultative Parties was, in addi-
tion to the aforesaid countries, given to Bulgaria, Brazil, China, Ecuador, Finland,
Germany, India, Italy, Republic of Korea, the Netherlands, Peru, Poland, Spain,
Swede, Ukraine, and Uruguay.

All decisions in the ATS are adopted by consensus. This procedural rule does not
permit adoption of decision by voting with a principle of using any numeric quota
of votes. Even in the event of the overwhelming majority of the parties to the treaty
supporting any draft decision, it can be adopted only after it is finally approved by
all Consultative Parties. This approach does not allow adopting a discriminatory
decision with respect to the other participants to the treaty whatever difficult and
prolonged the process of its discussion and agreement might be. Article XIII deter-
mined the character of its openness for acceding of any nation, which is a UN mem-
ber. As of the beginning of 2013, in addition to the aforementioned 28 Consultative
Parties, the governments of Austria, Belarus, Czech Republic, Denmark, Estonia,
Guatemala, Greece, Hungary, Canada, Democratic People’s Republic of Korea, Co-
lumbia, Cuba, Malaysia, Monaco, Pakistan, Papua New Guinea, Portugal, Romania,
Slovakia, Switzerland, Turkey, and Venezuela acceded the Antarctic Treaty. These
countries have the status of the Non-Consultative Parties, which participate in the
work of the highest governing body of the Antarctic Treaty—Antarctic Treaty Con-
sultative Meetings (ATCM), but do not make decisions.

From the time the Antarctic Treaty was signed, participants to the ATCM have
developed a wide range of measures, contributing to achieving the goals and prin-
ciples of the treaty and expanding different types of activity in the region. The
ATCM Recommendations (until 1995) and Measures (after 1995), after they are
approved by the governments of the Consultative Parties, acquire a binding force.
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It indicates the existence of an effective multilevel system of control for the deci-
sions of political-economical character adopted in the ATS.

In addition to the Antarctic Treaty and the ATCM Recommendations and Mea-
sures, the following documents came into force in the ATS: 1978—Convention
for the Conservation of Antarctic Seals, 1982—Convention on the Conservation
of Antarctic Marine Living Resources, 1998—Protocol on Environmental Pro-
tection to the Antarctic Treaty, 2004—Agreement on the Conservation of Alba-
trosses and Petrels. This international law acts constitute the ATS legal basis. The
Protocol on Environmental Protection to the Antarctic Treaty (Protocol) desig-
nated Antarctica as an international reserve devoted to peace and science. In com-
pliance with its Article 7, any activity relating to mineral resources, other than
scientific research, shall be prohibited. All participants to the Protocol were to
undertake practical actions through the mechanisms stipulated in its six annexes
to define national procedures for different types of activity in the Antarctic by
their citizens, and governmental and nongovernmental organizations. Any type
of claimed activity was to be based on prior assessment of the impact of this ac-
tivity on the Antarctic environment. The Protocol formulates special rules for the
conservation of Antarctic flora and fauna, and the management of human waste
disposal and measures for control and prevention of pollution of the marine envi-
ronment of the region. The Protocol extended its application to the principles of
establishment and control of different types of activity in the Antarctic Specially
Managed and Antarctic Specially Protected Areas, including designation of His-
toric Sites and Monuments and measures of liability for environmental damage
in cases of emergency accidents.

The ATCM governing bodies include ATCM—held annually by the Con-
sultative Parties in the Latin alphabet order; Commission for the Conservation
of Antarctic Marine Living Resources (Hobart, Australia) regulates fishery in
Antarctic waters based on research; Committee for Environmental Protection,
established in 1998, which acts within the ATCM framework and develops rec-
ommendations to the parties related to the implementation of the Protocol and
its annexes; Antarctic Treaty Secretariat in Buenos Aires (Argentina)—func-
tions from 2004—which provides activity between the ATCM, disseminates
information to the treaty parties about the ongoing Antarctic events and makes
preparations for the next ATCM; SCAR in Cambridge (Great Britain), estab-
lished in 1961, which is intended for coordination of scientific activity in the
Antarctic between the treaty parties; and Council of Managers of National Ant-
arctic Programs in Christchurch (New Zealand), created in 1989, intended for
holding forums and consultations and for cooperation between the national Ant-
arctic programs.

Valery Lukin
See also: Antarctic Territorial Claims
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Arctic, Definitions of

There are various ways to define the Arctic. The Arctic is commonly viewed as
the region surrounding the North Pole (90° N) that includes the Arctic Ocean, its
marginal seas, and the coastal areas of Alaska (United States), Canada, Denmark
(Greenland), Finland, Iceland (Grimsey Island), Norway, Sweden, and Russia.
Three commonly used and more precise definitions of the Arctic include (1) lati-
tude; (2) temperature; and (3) tree line.

Arctic Defined by Latitude

In a strict definition, the Arctic Circle is the area north of 66° 33" 44" latitude. A
defining characteristic of the Arctic Circle is that all locations above 66° 33’ 44"N
experience a 24-hour period of sunlight on the summer solstice (around June 21)
as well as 24 hours of darkness during the winter solstice (around December 21).
The 66° 33" 44"N latitude is considered the southernmost boundary of the Arctic
Circle. The Arctic Circle is not a fixed position and is contingent on the Earth’s
axial tilt, which fluctuates within a margin of 2 percent over a period of 40,000
years. This fluctuation is due primarily to the orbit of the Moon and its influence
on the Earth’s tidal forces. The Arctic Circle is currently migrating north at around
50 ft. (15 m) per year.

Arctic Defined by Temperature

The 10°C (50°F) isotherm is a common temperature definition of the Arctic. This
isotherm is determined by the average temperature in July. The area with the same
temperature of 10°C (50°F) creates an irregular line that circumnavigates the north-
ern region. Sometimes, the 10°C (50°F) July isotherm line is located within the
Arctic Circle (66° 33’'N) and sometimes south of the Arctic Circle. The 10°C (50°F)
July isotherm is close to northern tree growth limit.

Arctic Defined by Tree Line

Another definition for the Arctic is the northern limit of tree growth. The tree line
is more similar to the 10°C (50°F) July isotherm than the Arctic Circle (66° 33'N)
latitude line. Tree line is commonly defined as the farthest north trees can grow.
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Above the tree line, the cold temperatures and permafrost inhibit trees from grow-
ing. The tree line is the definitional boundary between the boreal forest and the
tundra. The tree line is considered the southern edge of the Arctic. The tree line is
as far south as 56° N in Labrador Peninsula of Canada and as far north as 72° N in
the Central Siberian Plateau of Russia.

Andrew J. Hund

See also: Arctic Circle
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Arctic Air Pollution

Air pollution is commonly defined as an atmospheric condition where chemi-
cal or particulate concentrations are higher than normal, which lead to negative
environmental health effects. The atmosphere is divided into different zones;
however, air pollution is categorized as tropospheric or stratospheric. Arctic air
pollutants are gases, liquids, or solids emitted from both stationary and mobile
sources and are suspended in the atmosphere. Arctic air pollution transfers or
delivers contaminants from lower latitudes to the Arctic high trophic air masses
commonly referred to as transboundary pollution. These brownish pollutants
move from industrial northern Europe across the North Pole creating what is
called “Arctic haze.”

Arctic air pollution has both local and global contexts in its source, such as an-
thropogenic or natural, local or global, and indoor or outdoor. Similar to other re-
gions, natural air pollution in the Arctic comes from forest fires, volcanoes, and
sandstorms from temperate deserts. Industrial and agricultural chemicals, as well as
urban air pollution, migrate northward in what is often described as the grasshop-
per effect. Air pollution in the Arctic is influenced by unique chemistry, climate
change, melting permafrost, and indoor housing conditions.

Local air pollution in the Arctic is often related to energy development and heat
production, which release a set of criteria pollutants: nitrogen (N) and sulfur oxide
(SO,); ozone (O,); particulates along with mercury (Hg), lead (Pb), cadmium (Cd),
and other metals; and volatile organic compounds (VOCs). Local topography and
air patterns, including wind, impact the buildup and distribution of these gases.
Even at low concentrations, most criteria air pollutants are harmful, especially to
pregnant women, children, and the elderly. A significant difference between Arctic
air pollution and air pollution at lower latitudes is that the source of the pollution
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is rarely generated by the small human population in the Arctic. Instead, it is trans-
ported in a northerly direction by air currents. However, recent market conditions
have led to an increase in local coal and wood combustion resulting in increased
atmosphere particulate matter.

Air pollution risk assessment is the process of evaluating scientific data, usually
exposure monitoring and concentration-dependent health effects, to make predic-
tions about the probabilities of an outcome. The risk is a function of toxicity, the
intrinsic health hazard of substance to a person or/and animal model, and exposure,
the amount and bioavailability of a substance. Lead and mercury risk assessment
are two common examples. There can also be social and cultural impacts in addi-
tion to the usual physiological health impacts. The Arctic population is affected
by a greater health risk, but generally receives reduced economic benefits from the
industrial activity at the lower latitudes.

The Arctic has a sparse historical record of the ambient air concentrations for
many air pollutants that adversely affect humans. Pollution in the Arctic has a
unique impact on health because of its effect on the food system. With a large
percentage of Arctic residents living a subsistence lifestyle, air pollutants even-
tually enter the water system and food-related pathways. Recent Arctic Moni-
toring and Assessment Program (AMAP) monitoring activity has increased in
the eight Arctic nations, but coverage remains sparse. The common outdoor air
pollutants monitored are the primary pollutant gases NO , SO, CO, Rn, and the
secondary pollutant, ozone. Particulate matter from combustion, and natural and
industrial VOCs are monitored in some regions. AMAP also monitors metals
like lead and mercury, which can impact ecosystem services by biomagnifica-
tion up the food chain. The unique chemical reaction slinking atmospheric mer-
cury deposition in the spring and ozone destruction instigated by the presence of
halogens, such as bromine, provide a new pathway for mercury’s introduction
into the Arctic food system.

Transboundary air pollutants, including the common gases of nitrous oxide
(N,O) and methane (CH,), can impact the Arctic by leading to global warming
and loss of physical environment such as sea ice and glaciers, and erosion of the
coastline. Melting permafrost can also release methane, radon, and other gases. As
Northern development increases and permafrost melts, local air pollution sources
are expected to increase, directly impacting health and indirectly increasing social
and cultural stress.

Indoor air pollution is an important concern in the Arctic due to the construction
of energy-tight buildings. Indoor air contains hundreds of substances at low levels.
Gas molecules such as ozone, formaldehyde, and carbon monoxide are not trapped
by most ventilation systems now installed in Arctic housing. Indoors levels of air
pollutants may even exceed the outside ambient air. In the Arctic, most buildings
are constructed to increase energy efficiency to lower heating costs, but an airtight
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building without an adequate fresh air intake can lead to unhealthy levels of pollut-
ants. High levels of VOC off-gassing from synthetic building materials can lead to
a hazardous condition termed “sick building syndrome.” Tobacco smoke, incense,
coalescents in paints, antifreeze, radon, and even candles can build up in modern
Arctic housing.

In the Arctic, a relatively common climatological condition called “ice fog” can
affect the level of air pollution. Ice fog forms when the very cold winter air can-
not hold water vapor. As the air temperatures decrease, water in combustion gases
from homes and cars crystallizes in particulate form and disperse light. Depending
on the topography of the area, cold air is trapped in an inversion, and ice fog builds
up at ground level. SO_pollution is exacerbated by its interaction with ice fog, but
carbon monoxide (CO) is not.

Lawrence K. Duffy

See also: Arctic Haze; Arctic Observatories; Geospace; Grasshopper Effect
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Arctic and Antarctic Research Institute (AARI)

The Arctic and Antarctic Research Institute (AARI) was established by the deci-
sion of the Union of Soviet Socialist Republics (USSR) government in 1920. It
received its present name in 1958 as the first 38 years of its existence were related
exclusively to the Arctic studies. The institute was until May 18, 1963, in the struc-
ture of the Main Administration of the Northern Sea Route (Glavsevmorput) of the
USSR Ministry of Marine Fleet. After this date, the institute was transferred to the
Hydrometeorological Service of the USSR, now the Russian Federation.

In the first years of its existence, the Arctic Research Institute (ARI) organized
and carried out the following unique studies in the Arctic Ocean and at its Soviet
(Russian) coast:

* First through voyage onboard the icebreaker Sibiryakov along the Northern
Sea Route in one summer navigation season in 1932
* First research drifting North Pole station in 1937-1938
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* First high-latitudinal airborne ex-
pedition to the area of the relative
inaccessibility pole onboard air-
craft H-169 in spring 1941

* High-latitudinal airborne expe-
ditions in the Arctic Basin in
1947-1956

* Organization of scientific observa-
tories on the coasts and islands of
the Arctic Ocean (Barentsburg on
Spitsbergen, Dickson in the Kara
Sea, Tiksi in the Laptev Sea, and
Pevek in the East Siberian Sea) in
the 1950s

Based on the results of these
expeditions:

* Detailed charts of seabed relief of
the Arctic Basin were issued.

* Main regularities of its ice and
water circulation were deter-
mined, and main features of the
formation of variability of the hy-
drological regime and structure of water masses in the Arctic Ocean and the
Siberian shelf seas were revealed.

* Methodologies of meteorological, ice, and hydrological forecasts for the dif-
ferent navigation variants of the Northern Sea Route were developed and put
into practice.

Russian scientists’ drill site at Lake Vostok,
Antarctica. (Arctic and Antarctic Research
Institute Press Service, Pavel Teterev/AP
Photo)

In July 1955, the USSR organized the Complex Antarctic Expedition (CAE) of
the USSR Academy of Science. Specialists of Glavsevmorput and AARI represen-
tatives were made responsible for the logistic and much of the hydrometeorological
support for the activities of this expedition. The first CAE was under the leadership
of Dr. Mikhail Somov, the ARI deputy director, who after his return from the ex-
pedition headed the new Department of Antarctic Studies. In 1958, the CAE was
transferred from the USSR Academy of Science to the structure of Glavsevmorput,
which commissioned the AARI with the functions of preparing, organizing, and
carrying out the next USSR Antarctic expeditions. After the AARI transfer to the
structure of the Hydrometeorological Service, these expeditions were named the
Soviet Antarctic Expeditions (SAE). In spite of preserving the status of the Com-
plex Interagency and National Antarctic Expedition, the AARI was responsible for
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organizing and providing logistic support for SAE activity, which was renamed on
August 7, 1992, to the Russian Antarctic Expedition (RAE). Due to the institute’s
efforts in the 1970s—1980s, the modern infrastructure of the Russian (Soviet) Ant-
arctic scientific stations, which are situated over the entire perimeter of Antarctica
and its inland regions, was created.

In the 1960s—1980s, the AARI specialists continued active Arctic studies. They
participated in the trials of the first Soviet atomic icebreakers Lenin and Arktika;
in conducting studies during the unique cruise of the atomic icebreakers the Ark-
tika and Sibir to the North Geographical Pole in 1977 and in 1987, respectively;
in organizing and carrying out research at the drifting North Pole stations. Re-
search also included airborne high-latitudinal Sever expeditions; assessments of
the transfer of water from the Iberian rivers to Middle Asia; circulation models
of the ocean and the atmosphere in the Arctic and the Antarctic; and the physical
and mechanical impact of sea ice on shore structures. Research investigated the
ship hulls and engineering designs in the open sea and in introduced construction
technologies of runways in Antarctica on compacted snow. The institute prepared
and published the “Atlas of the Antarctic” (1966 and 1969) in two volumes, “Atlas
of the Oceans: Arctic Ocean” (1980), “Atlas of the Arctic” (1985), “Atlas of the
Oceans: Antarctica” (2005), and a large number of monographs, scientific articles,
and methodological aids.

During the Soviet period of its activity, the AARI built two research expedi-
tion vessels for support of SAE (RAE) operations—the Mikhail Somov (1975)
and the Akademik Fedorov (1987)—and in late 2012, the new vessel, the Aka-
demik Tryoshnikov, was added to this flotilla. Many of the institute’s staff were
awarded with the state decorations of the USSR and the Russian Federation, and
became laureates of the USSR State Prize and the Prize of the Government of
the Russian Federation.

On June 5, 1994, the AARI was assigned the status of the State Research Cen-
ter of the Russian Federation. The AARI carries out, at present, scientific studies
in the following directions, which include meteorology and climatology; sea—air
interaction; oceanography; sea ice; ice and ocean physics; hydrology of the mouth
areas of rivers; engineering oceanography and ice research during operations in
the offshore areas of the ice-covered seas; polar geography, paleogeography and
glaciology of ice caps; polar medicine; polar ecology; and ice properties of ships
with the test ice tank.

Besides, the institute’s structure includes the Center of Ice and Hydrometeoro-
logical Information with a technical group for data transmission, Center of Geo-
physical Information, Department of the Expedition Fleet, the Logistical Center of
the Russian Antarctic Expedition, the International Sea Ice Data Bank, the Russian-
German “Otto Schmidt” Laboratory, the Russian-Norwegian “Fram” Laboratory,
Laboratory of Climate and Environment Variability, and Department for Training
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of Young Specialists and the Post-Graduate Courses. On October 8, 2012, the Gov-
ernment of the Russian Federation assigned the status of the state operator in the
Antarctic to the AARI.

Valery Lukin

See also: Alfred Wegener Institute (AWI); Antarctic Programs and Research Stations/Bases
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Arctic Basin

The oceanic basin in the Arctic Ocean is the Arctic Basin. It consists of two major
basins: the Eurasian Basin and Amerasian Basin. The Eurasian Basin is smaller and
geologically younger than the Amerasian Basin. These basins are bisected by the
Lomonosov Ridge. The Lomonosov Ridge is an unusual geologic structure that is
around 35-200 miles (60-200 km) wide and stretches around 1,100 miles (1,800 km)
running roughly from Ellesmere Island of the Canadian Arctic Archipelago to the
New Siberian Islands in Russia.

The Eurasian Basin and Amerasian Basin are surrounded by a number of conti-
nental shelves. In North America, the continental shelves average about 340 miles
(540 km) offshore and include the Beaufort and Chukchi shelves. The continental
shelf of Greenland is the Lincoln Shelf and includes two rift basins, which are the
East Greenland Rift Basin and the West Greenland Rift Basin. In Eurasia, the con-
tinental shelves stretch over 900 miles (1,500 km) and includes the Barents, East
Siberian, Kara, and Laptev shelves.

The Eurasian Basin (sometimes referred to as the Norwegian Basin) consists of
two basins: the Nansen Basin and the Amundsen Basin (sometimes referred to as
the Fram Basin). The Nansen Basin is an abyssal plain and is located between the
Barents Sea continental shelf and the Gakkel Ridge. The depth of the Nansen Basin
is around 9,800 ft. (3,000 m) below the ocean surface. The Amundsen Basin is lo-
cated in between the Gakkel Ridge and the Lomonosov Ridge. Amundsen Basin is
a linear basin about 1,200 miles (2,000 km) long and has a width up to 250 miles
(400 km). The Eurasian Basin has the lowest point in the Arctic Ocean at 17,881 ft.
(5,450 m) below the sea level.

The Amerasian Basin (sometimes referred to as the North American Basin) con-
sists of Canada and Makarov Basins. The Canada and the Makarov Basins are di-
vided by the Alpha-Mendeleev Ridge. The Canada Basin is the largest subbasin in
the Arctic Ocean and is located between Alaska/Canada and the Alpha Ridge. The
Canadian Basin has three abyssal plains, which are the Canadian, Chukchi, and
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Mendeleev. The Canadian Abyssal Plain is the deepest area in Amerasian Basin
side of the Arctic Ocean at more than 12,000 ft. (3,850 m) below the ocean surface.
The Chukchi Abyssal Plain is about 7,200 ft. (2,200 m) below the ocean surface
and covers an area of 1,900 square miles (5,000 sq. km). The Mendeleev Abyssal
Plain is a little more than 9,500 ft. (2,900 m) below sea level. The Makarov Basin
is located between the Alpha Ridge and Lomonosov Ridge. The Makarov Basin
has two abyssal plains, which are the Wrangel and Siberian Abyssal Plains. The
Siberia Abyssal Plain occupies almost half of the northern part of the Siberia Basin
and is about 13,000 ft. (4,000 m) under the sea.

There are four main abyssal plains on the Arctic Ocean seafloor. On the Eur-
asian Basin, they are the Barents and Pole Abyssal Plains, which are separated by
the Nansen Gakkel Ridge. On the Amerasian Basin, there are the Canadian and the
Fletcher Abyssal Plains, which are separated by the Alpha-Mendeleev Ridge. The
Arctic seafloor is subdivided by three great ridges, which are the Nansen-Gakkel
Ridge (Arctic Mid-Ocean Ridge), Lomonosov Ridge, and the Alpha-Mendeleev
Ridge. The Nansen-Gakkel Ridge is an active divergent tectonic plate stretching
approximately 1,100 miles (1,800 km) from northern Greenland in the direction
of Siberia. The Lomonosov Ridge rises about 10,000-12,000 ft. (3,300-3,700 m)
above the seafloor. The Lomonosov Ridge at its most shallow area or the closest it
comes to the ocean surface is around 3,000 ft. (950 m). The Canadian Basin and the
Makarov Basin are divided by the Alpha-Mendeleev Ridge. In the Arctic Ocean,
the Alpha-Mendeleev Ridge is the largest single submarine canyon with a width
ranging from about 150 to 500 miles (250-800 km).

Andrew J. Hund

See also: Arctic Ocean; Beaufort Sea Dispute; Continental Shelf Claims in the Arctic; Lo-
monosov Ridge Claims; Northwest Passage Claims and Disputes

Further Reading

Bogdanov, N. “Tectonics of the Arctic Ocean.” Geotektonika No. 3 (2004): 17-30.

Franke, D., K. Hintz, and C. Reichert. “Geology of the East Siberian Sea, Russian Arctic,
from Seismic Images: Structures, Evolution, and Implications for the Evolutions of the Arc-
tic Ocean Basin.” Journal of Geophysical Research: Solid Earth 109, no. 7 (2004): 1-19.

Gurevich, N., S. Mashchenkov, O. Bychkova, and A. Abel’skaya. “New Data on Evo-
lution of Amerasian Basin: Arctic Ocean and the Results of Preliminary Identification
of Magnetic Abnormalities.” Rossiiskii Geofizicheskii Zhurnal (Journal of Geophysics)
Nos. 31-32 (2003): 37-45.

Arctic Botany

Arctic botany collectively includes the vascular and nonvascular plant species
growing within the tundra climate region north of the coniferous forest tree line.
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Arctic flora includes moss, lichens, fungi, algae, liverworts (collectively known as
cryptogams), forbs (herbaceous flowering plants), dwarf shrubs, shrubs, and small
trees. Species diversity and biomass are low. Arctic botanical habitats include
wet tundra (tussock tundra, wet meadows, and bogs), dry tundra (dryas and dwarf
shrub tundra), and shrub tundra (mainly drainages). Arctic flora is determined by
overall climate and microclimate factors including water availability, soil type,
nutrient supply, and snow cover. Arctic plants have specific adaptations for the
climate and microclimate conditions. Botanical surveys both historical and cur-
rent have contributed to understanding vegetation and distribution patterns across
the Arctic.

Arctic Botanical Habitats

A prevalent wet tundra habitat type is wet tussock tundra, comprising tussock cot-
ton grass (Eriophorum vaginatum L.) and Bigelow’s sedge (Carex bigelowii Torr.
ex Schwein.). Low shrub species may be present, including dwarf birch and resin
birch (Betula nana L., B. glandulosa Michx.), marsh Labrador tea (Ledum palustre
L. ssp. decumbens [Aiton] Hultén), lingonberry, and bog blueberry (Vaccinium
vitis-idaea L., V. uliginosum L.). Common mosses include splendid feather moss
(Hylocomium splendens [Hedw.] Schimp.), red stem moss (Pleurozium schreberi
[Brid.] Mitt.), and sphagnum moss (Sphagnum L. spp.). Common lichens include
reindeer lichen (Cladina rangiferina [L.] Nyl.), flavocetraria (Flavocetraria Karne-
felt and A. Thell spp.), and cup fungi (Cladonia P. Browne spp.).

Wet meadow habitats are dominated by cotton grasses (Eriophorum L.), sedges
(Carex L. spp.), and bulrushes (Trichophorum L. spp.). Forbs vary and may include
purple marsh locks (Comarum palustre L.), coltsfoot (Petasites frigida [L.] Fr.),
or others. Graminoid meadows contain only cotton grass and sedges such as water
sedge (Carex aquatilis Wahlenb.). Wet bog habitats also may contain ericaceous
shrubs like dwarf birch, lingonberry, Labrador tea, and bog blueberry, with a vari-
ety of graminoids, some forbs, and sphagnum moss.

Dry tundra habitats include vast reaches of dryas tundra habitat, dominated by
dryas or mountains-avens (Dryas L. spp.). White Arctic mountain heather (Cassi-
ope tetragona [L.] D. Don), netleaf willow (Salix reticulata L..), and alpine and red-
fruit bearberry (Arctostaphylos alpina [L.] Spreng., A. rubra) can also be plentiful.
Important lichen species include flavocetraria species, snow lichen (Stereocaulon
tomentosum Fr.), cup fungi species, and white worm lichen (Thamnolia vermicu-
laris [Sw.] Ach. ex Schaerer.).

Dwarf shrub tundra habitats may also include willows such as skeleton-leaf wil-
low (Salix phlebophylla Andersson) and ericaceous shrubs like dwarf birch, marsh
Labrador tea, lingonberry, bog blueberry, and crowberry (Empetrum nigrum L.).
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Forb presence may include dense sweetvetch and locoweed cover (Hedysarum L.
spp., Oxytropis L. spp.) Non-sphagnum mosses like splendid feather moss and sick-
leleaf moss (Tomentypnum falcifolium) are common. Sedge-dryas habitats occur
on moister sites, dominated by sedges like water sedge (Carex aquatilis Wahlenb.)
or Bigelow’s sedge, and sometimes including non-tussock cotton grasses (such as
tall cotton grass, Eriophorum angustifolium Honck.).

Taller shrub communities occur in drainages and valleys with sufficient water to
support larger growth forms. Tall shrubs are mainly willows, including feltleaf wil-
low (S. alaxensis [Andersson] Coville), diamond leaf willow (S. planifolia Pursh),
Richardson’s willow (S. richardsonii Hook.), Barclay’s willow (S. barclayi An-
dersson), and others. Alder (Alnus viridis [Chaix] DC. ssp. crispa [Aiton] Turrill,
A. viridis ssp. fruticosa) can occur alone or with willows.

Other minor types occur in aquatic, exposed, alpine, coastal, or riparian habi-
tats. Forb marshes and submerged aquatic species are found in ponds, sloughs,
and oxbow lakes. Lichen-dominated types occur on dry, windblown, rocky, or
high alpine sites. Halophytic graminoid or forb meadows form in coastal areas.
Alpine forb-sedge types occur in late-lying, well-irrigated snowbeds, and contain
a variety of non-shrub species. Riparian, or streamside, habitats support grami-
noid or forb communities. Forest types do not occur, although individuals or is-
lands of stunted trees, including black and Siberian spruce (Picea mariana [Mill.,
P. obovata Ledeb.] Britton, Sterns, and Poggenb.), tamarack and larch (Larix lar-
icina and L. sibirica Ledeb.), paper and silver birch (Betula papyrifera Marshall,
B. pendula Roth), and cottonwood species (Populus L. spp.), are scattered in moister
locations.

Arctic Climate

Arctic tundra has a short growing season (50-90 days), low precipitation (6—10 in.
(15-25 cm)), and frequent high winds (30-60 mph [40—100 km/h]). Midsummer
temperatures reach 86°F (30°C) while winter temperatures are lower than —58°F
(—50°C). Average temperature is often less than 50°F (10°C) in July, and snow can
occur at any time. Ice remains through May on water bodies, and autumn colors
appear in August. In winter, darkness is continual for around 45 days at 70° N
latitude and 120 days at 80° N, with the opposite in continual daylight in summer.

Water access is limited. Permafrost, permanently frozen soil, occurs in most of
the region. The thin surface-active layer thaws and refreezes each year, providing
some water to roots. Local persistent snowbeds provide water later in the growing
season. In poor drainage areas, deep organic soil mats (histosols) can form. Nitro-
gen and other nutrients are limited, and decomposition, with subsequent soil for-
mation, is extremely slow.
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Arctic Plant Adaptations

Arctic plants tolerate limited water conditions and frost with low growth forms
and shallow root systems. Fuzzy, hairlike structures protect from wind and snow
damage, and reduced leaf size minimizes water loss to wind. Some lichens can dry
entirely, transported by wind to rehydrate later. Plants are slow-growing, peren-
nial, evergreen, and long lived, maximizing metabolic activity over many growing
seasons.

Vegetative reproductive reduces energy cost of producing flowers, seeds, or other
reproductive structures, although long hours of sunlight allow quick development
of flowers and seeds. Growth capacity starts immediately after snowmelt, with ad-
vanced, preformed buds from the prior season ready for rapid leaf expansion. Snow
accumulation provides an insulating layer to plants at the ground surface. Trees are
generally unable to establish in permafrost areas. Surviving trees are stunted, with
basal rosettes of layering branches or flagged branches.

Botanical Survey

Estimates from botanical surveys indicate that more than 1,700 plant species occur,
of which 400 are flowering plants. Improved modern genetic testing has detected
higher diversity in certain plant families and genera. Government agencies, pri-
vate companies, and academic institutions have conducted botanical surveys in the
Arctic, to enhance herbarium collections, to monitor plant population trends, and
to conduct research.

Early botanical surveys in the Arctic were often part of large multipurpose explora-
tion parties. Some notable historical figures of Arctic botanical survey include Georg
Stellar, naturalist, for the Bering expedition from Russia to Alaska in 1740-1741. Stel-
lar spent 10 hours onshore at Kayak Island (near present-day Cordova, Alaska), as the
first European naturalist to describe the flora and fauna of Alaska. Further exploration
took place on what is now Bering Island after the expedition shipwrecked there. The
Western Union Telegraph Exploration, 1865-1867, employed the naturalist Robert
Kennicott to explore flora and fauna of Alaska. Botanical discoveries were heralded
as partial justification for maligned U.S. purchase of Alaska from Russia. Robert E.
Peary’s fourth trip to Greenland in 1896 included several botany students from Cornell
University who collected more than 135 species of plants from the Island of Baffin, the
Labrador coast, and around the Nugsuak Peninsula. The Harriman Expedition around
the coast of Alaska in 1899 included an entourage of scientists, artists, photographers,
and naturalists, including the principal botanist Frederick Vernon Coville. More than
240 new species were collected, including marine algae, fungi, lichens, moss, liver-
worts, hornworts, ferns, and vascular plants.

More recent botanical explorers have included Danish biologist Alf Erlin Por-
sild, collecting more than 25,000 specimens and curating the National Museum of
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Canada’s herbarium. He worked with William Cody to produce various floras
for Canada. Nicholas Polunin, part of the Canadian Arctic Survey, explored and
collected many botanical specimens throughout the Canadian Arctic. Eric Hul-
tén, a Swedish botanist, published the most comprehensive Alaskan flora to date
in 1968.

Modern botanical surveys continue through international efforts including the
Circumpolar Arctic Vegetation Mapping Project using satellite data; the Pan Arctic
Flora Project, producing a unified list of accepted names for Arctic vascular plants;
the International Tundra Experiment, coordinating climate change studies; and the
Circumpolar Biodiversity Monitoring Program, the main program of the Conser-
vation of Arctic Flora and Fauna of the Arctic Council. The Canadian Museum of
Nature has undertaken a multiple-year Arctic Flora Project for North American
Arctic plants, with more than 900 species cataloged.

Herbarium Collections

Herbarium collections serve as archival records, genetic material, and teaching and
research tools. Geographic locations allow estimates of population range across the
Arctic and specific habitat locations, and provide a long-term record of change in
populations dynamics, of particular importance in a changing climate.

Specimens from a number of Arctic expeditions are housed in the U.S. National
Herbarium, Smithsonian National Museum of Natural History. Other Arctic col-
lections are located at the University of Alaska Museum Herbarium (ALA) at the
Museum of the North, University of Alaska, Fairbanks; the National Herbarium of
Canada (CAN), Canadian Museum of Nature; the University Museum of Bergen,
Norway (BG); and the Herbarium (UME) at Umea University in Sweden.

Elizabeth Bella

See also: Arctic Shrub Range Expansion; Climate Change and Invasive Species in the Arc-
tic; Tundra
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Arctic Camel

The first discovery of a camel in Canada’s High Arctic was made in 2006 by
Dr. Natalia Rybczynski, a Canadian Museum of Nature (CMN) paleobiologist
at the Fyles Leaf Bed Site on Ellesmere Island, NU. Identified using morphology
and collagen fingerprinting of a fragmentary fossil limb bone, this is the most
northerly camel found to date, 1200 km north of the remains of the giant Yukon
Camel, first found in 1913.

The fossil, collected over three field seasons, consists of about 30 bone frag-
ments, which together form part of a limb bone of a Pliocene camel. This is the
first evidence of camels living in a High Arctic, boreal-type forest. The fossil re-
cord from this locality shows the camel lived about 3.5 mya during the Pliocene.
During this time, the planet was in a warm phase, similar to predicted global
warming.

The exceptional preservation of the fossil fragments, helped by the Arctic envi-
ronment, allowed for the use of a new technique called “collagen fingerprinting.”
It shows that the fossil’s collagen, the primary protein in bone, is most similar to
that of modern camels, particularly the dromedary or one-humped camel.

The fragments were also surface-scanned and then assembled using digital tech-
nology. Although only a partial limb bone was recovered, there was sufficient ana-
tomical evidence to suggest that these were the remains of a giant camel.

Camels originated about 45 mya during the mid-Eocene in North America.
They dispersed to Eurasia 7 mya using the Bering land bridge. Fossil remains
of camels have been found in Spain, Africa, China, Eastern Europe, and North
America.

During the Pleistocene, there were two kinds of Arctic camels. Most fossil camel
remains discovered in the Arctic are Camelops, also called the “western camel.”
They are a distant relative of llamas.

The second camel, the Yukon giant camel, is larger than Camelops. This is a true
camel and a close relative of the fossil genus Paracamelus, a lineage that gave rise
to modern camels. Collagen fingerprinting also shows that the High Arctic camel
is a close relative of the Yukon giant camel.

It is possible that the High Arctic of North America represents the original
adaptive environment for this lineage. Perhaps some of the specializations seen
in camels today are adaptations to a polar Arctic environment.

When the High Arctic camel lived on Ellesmere Island, the channels of the Arctic
Archipelago would have been infilled, allowing camel populations to move freely
through areas that are islands today. Plant fossil evidence indicates that a boreal-
type forest extended to the Arctic Ocean.

The Pliocene climate in the region would have been warmer than it is today, but
the winters would have still been cold and snowy. The High Arctic camel would
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probably have grown a thick winter coat, similar to that of the modern Bactrian or
two-humped camels. Camel humps, which serve as fat storage, would have helped
the camel survive long cold winters when food sources would have been scarce.

This camel was likely a browser, like moose today, and would have relied more
heavily on woody material in the winter. Modern camels are herbivores and are called
“mixed feeders” because they can eat grasses and browse on leaves and twigs.

Other traits seen in modern camels that may have benefited the High Arctic
camel include the wide flat feet, which are useful for walking on soft surfaces or
snow. Their large eyes may have also been helpful for foraging in the winter dur-
ing periods of lengthy Arctic darkness.

Natalia Rybczynski and Martin Lipman

See also: Dinosaurs of Antarctica; Mesozoic Marine Reptiles of Antarctica; Paleoecol-
ogy of Antarctica; Pliocene Arctic Fossils; Woolly Mammoths; Woolly Mammoths, Baby;
Yukaghir Mammoth
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Arctic Circle

The Arctic Circle is predominately an ocean that is surrounded by continents and
covers roughly 6 percent or 5.5 million square miles (14.2 million sq. km) of the
earth. The area is mostly covered by ice. As of 2012, the Arctic ice cover was
1.82 million square miles (4.72 million sq. km). In a strict definition, the Arctic
Circle is the area of 66° 33’ 44”"N and includes the Arctic Ocean, Greenland, and
northern parts of European, Asian, and North American continents. Around half of
the Arctic coastline is on Russian soil. The Arctic Circle crosses eight countries,
which are United States (Alaska), Russia, Finland, Sweden, Norway, Denmark
(Greenland), Canada, and Iceland (Grimsey Island). All eight countries are signa-
tories to the multilateral, nonbinding agreements of Arctic Environmental Protec-
tion Strategy and the Declaration on Arctic Environmental Protection (“Rovaniemi
Declaration’) of 1991.

Beyond what is indicated on maps, the Arctic Circle is not an actual line or spe-
cific place. The Arctic Circle is one of five imaginary circles indicated on maps of
the earth, representing major lines of latitude (e.g., Tropic of Cancer [23° 26’ 16"N],
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Midnight sun in the Arctic. (Andrew J. Hund)

Equator [0°], Tropic of Capricorn [23° 26" 16"S], and the Antarctic Circle
[66° 33" 44"S]). The distance from the Arctic Circle to the Antarctic Circle is about
9,300 miles (15,000 km). Both poles are of the same distance from the equator
(0° to 66.5° N or S). The Arctic Circle is not a fixed position and is contingent on
the Earth’s axial tilt, which fluctuates within a margin of 2 percent over a period of

GRIMSEY, NORTHERN ICELAND

Grimsey (66° 33’'N 18° W) is Iceland’s fourth largest island. The island lies
about 25 miles (41 km) off Iceland’s northern coastline and extends from north
northwest to south southeast. It has an area of 2 square miles (5.3 sq. km) and is
3.2 miles (5.5 km) in length. The island’s rock base, formed during the late ice
age, is mostly dolerite. Columnar basalt widely occurs in sea cliffs, the highest
of which are situated along the eastern shoreline, some rising to around 345 ft.
(105 m) above sea level. The harbor and village lie in the island’s lower west-
ern area. The Icelandic sagas refer to Grimsey’s utilities around the year
1000, such as driftwood and harbor facilities. By 1200, the island appears to
have been permanently settled, but at the end of the eighteenth century, lobar
pneumonia and tragedies at sea almost wiped out the entire male population.
In the late nineteenth century, the American Willard Fiske presented the is-
landers with chess sets, a library, and a sum of money. Iceland’s northernmost
settlement, Grimsey, today has around 100 inhabitants whose livelihood is
based mostly on fishing, seabirds, and their eggs. The Arctic Circle strad-
dles the island. Communications are by regular ferry service from Dalvik
and flights from Akureyri. Since 2000, Grimsey has been part of Akureyri
municipality.

Sigurour Agisson
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40,000 years. This fluctuation is due primarily to the orbit of the Moon and its influ-
ence on Earth’s tidal forces. The Arctic Circle is currently migrating north at around
50 ft. (15 m) per year.

The 66.5° N latitude is considered the southernmost boundary of the Arctic
Circle. A defining characteristic of the Arctic Circle is that all locations above
66.5° N latitude experience a 24-hour period of sunlight on the summer solstice
(around June 21) as well as 24 hours of darkness during the winter solstice (around
December 21). The summer solstice is commonly called the “Midnight Sun,” while
the winter solstice is called “Polar Night.” The seasons of the Northern Hemisphere
are opposite to that of the Southern Hemisphere.

The Arctic Circle ecosystem is commonly referred to as tundra, but many scientists
subdivide the Arctic region into two biogeographic zones: the High and Low Arctic
zones. The High Arctic zone is the area from 80° N to 88° N, while the Low Arctic zone
is between 68° N up to 80° N. The Low Arctic zone is commonly covered with knee-
high plants and bushes, while the High Arctic zone is limited to ankle-high plants. Much
of the High Arctic zone is desert with limited precipitation, and even though being fur-
ther north, the High Arctic zone receives less snow. For example, the southern region
of Greenland receives more than 100 times more snowfalls than northern Greenland.
The zone just south of the Arctic Circle is called the Northern Temperate zone.

APATITY, RUSSIA

Apatity, Russia (67° 34'N 33° 24°E) is a town of about 60,000 people. The
town was established in 1930 and officially gained town status in 1966. The
town is located in the Russian administrative division of Murmansk Oblast.
The town name is derived from the local group of phosphate minerals re-
ferred to as “apatite.” These phosphorus minerals are used in the production
of fertilizers. The Murman railway that runs from St. Petersburg to Mur-
mansk travels through the town of Apatity. Apatity is located between the
Khibinsky Mountains and Lake Imandra. The town is near the eastern shore
of Lake Imandra. To the west of Apatity is Kirovsk (about 14 miles [23 km])
and 115 miles south (185 km) is Murmansk. The largest employer for Apa-
tity is the Joint-Stock Company (JSC) Apatit. Apatit is the largest mining and
concentrating venture in Russia and Europe. There are several museums in
the town operated by the Kola Science Centre, Russian Academy of Sciences
(KSC-RAS), such as the Museum of Investigation and Development History
of the European North of Russia (operated by the International Cultural Cen-
ter of KSC-RAS); the Geological museum; and the Mineralogical museum
(operated by the Institute of Geology KSC RAS).

Andrew J. Hund
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MIDNIGHT SUN

The Midnight Sun is when the sun stays above the horizon for more than
24 hours. This occurs only in the polar circle regions (i.e., above 66.5° N
or 66.5° S). The 24 hours of light corresponds with the summer solstices in
each of the Antarctica and Arctic Circles. In Latin, the term “solstice” means
standstill. All locations in the Northern Hemisphere experience longer peri-
ods of daylight and locations north of the Arctic Circle (66.5° N) experience
a 24-hour period of sunlight on the summer solstice. During the summer sol-
stice, in the Northern Hemisphere, the North Pole (location 90° N) is tilted
toward the sun (around June 21) and directly over the Tropic of Cancer. The
Northern Hemisphere, during the summer solstice, is positioned to receive
extended periods of sunlight due to its position relative to the sun. The ex-
tended periods of sunlight coupled with shorter periods of darkness at night
result in increased temperatures in the Northern Hemisphere of the earth.
The summer solstice in the Southern Hemisphere occurs during wintertime
in the Northern Hemisphere. The Midnight Sun occurs in Antarctica (66.5°
S) around December 21.

Andrew J. Hund

There are only a few large settlements of people north of the Arctic Circle. The
largest cities are found in Russia and Norway, such as Kirovsk, Russia (also called
“Khibinogorsk™) (67°37'N 33°39'E) (pop. 28,625); Kandalaksha, Russia (67° 9'N
32° 24’E) (pop. 35,654); Monchegorsk, Russia (67° 56'N 32° 55'E) (pop. 45,361);
Bodg, Norway (67° 18’ 20"N 14° 32' 57"E) (pop. 47,847); Severomorsk, Russia
(69° 4'N 33° 25'E) (pop. 50,060); Apatity, Russia (67° 34'N 33° 24'E) (pop. 59,672);
Tromsg, Norway (69° 40" 58"N 18° 56’ 34"E) (pop. 72,116); Vorkuta, Russia
(67° 30'N 64° 2'E) (pop. 70,548); Norilsk, Russia (69° 20'N 88° 13'E) (pop. 175,365);
and Murmansk, Russia (68° 58'N 33° 5'E) (pop. 307,257). In Greenland, the most
populated Arctic town is Sisimiut (66° 56" 20"N 53° 40’ 20"W) and in Alaska is Bar-
row (71° 17" 44"N 156° 45'59"W) with a population of more than 4,000.

Andrew J. Hund

See also: Arctic, Definitions of; Arctic Ocean; South Pole; Three-Pole Concept
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Arctic Council

The Arctic Council (AC) is a high-level intergovernmental forum, established for
international cooperation of panarctic states. Establishment of this forum became
possible only during the period of relaxation of international tension after the end
of the Cold War, when the Arctic region was considered as a prospective theater of
war operations between the NATO and USSR countries.

In August 1993, the International Conference of Arctic Parliamentarians was
organized in Reykjavik (Iceland). Similar Conferences were held every two years
on a regular basis. As proposed by Finland in Rovaniemi in September 1996, the
representatives of the governments of the subarctic states with participation of
different associations of the indigenous peoples of the Far North decided to es-
tablish the AC.

The Declaration on the Establishment of the AC was signed in Ottawa (Canada)
on September 19, 1996, by eight Arctic states: Denmark including Greenland, Ice-
land, Canada, Norway, Russia, the United States, Finland, and Sweden.

The council was created to promote cooperation of the Arctic states, coordinate
their actions to serve the interests of sustainable development of the region, envi-
ronmental protection and conservation of culture, and traditions and languages of
the indigenous peoples of the North. The Declaration specially stipulates that the
AC is not involved in the issues of military security.

The highest body of the council is a ministerial session, which is held every two
years. The Chair of the Council is elected for two years, successively representing
all member-countries of the council. The AC working body is the Committee of
Senior Arctic Officials dealing with the current activity of the council, holding its
meetings not less than twice a year.

To provide active participation of the representatives of the Arctic indigenous
peoples in the AC activity, the permanent participant status (participation in the
discussion of all issues but without the voting right) was assigned to the Inuit Cir-
cumpolar Council; the Aleut International Association; the Saami Council; the As-
sociation of Indigenous Peoples of the North, Siberia, and Far East of the Russian
Federation; and the Arctic Athabaskan Council and the Gwich’in Council Interna-
tional. The permanent participant category is equally open for all Arctic organiza-
tions of the indigenous peoples, in which the Arctic peoples prevail.

As declared in the Constituent Declaration of the Arctic Council and regulated
by its Rules of Procedure, the observer’s status in the AC is open for the non-Arctic
states, intergovernmental and inter-parliamentary organizations (both global and
regional), and nongovernmental organizations, which according to the decision of
the council are capable to make input into its work. As of 2012, the United King-
dom, the Netherlands, Poland, Germany, the Standing Committee of the Parliamen-
tarians of the Arctic Region, the United Nations Environment Program, the Nordic
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Council, the Northern Forum, the World Wild-Life Fund, the International Arctic
Science Committee, the International Union for Circumpolar Health, the Advisory
Committee on Protection of the Sea, and so on, had the observer’s status in the AC.
From 2007, the observer’s status in the AC was given on a one-time basis to China
and Italy, and the European Commission and South Korea. The European Union
Commission, China, Japan, South Korea, and Italy have interest in receiving the
observer’s status in the AC.

Granting the observer’s status is a prerogative of the AC Ministerial Meeting.
Criteria for the compliance of the candidate for the observer’s status in the AC
include support of the AC goals, confirmed in the Ottawa Declaration; acknowl-
edgment of sovereignty of the Arctic states; their sovereign rights and jurisdiction
in the Arctic; recognition of the guiding legal principle of activity in the Arctic
Ocean—the international Law of the Sea; consideration for the values, interests,
culture, and traditions of the indigenous peoples and other population of the Arctic;
demonstration of political will and financial ability to contribute to the work of the
permanent participants and other indigenous Arctic peoples; and knowledge and
experience of activity in the Arctic.

The AC began its activity with implementing programs in the framework of the
so-called Rovaniemi process—international cooperation on the Arctic Environ-
mental Protection Strategy. Sustainable development issues were added to the AC
terms of reference later. There are six Task Forces in the AC: Arctic Monitoring
and Assessment Program, Emergency Prevention, Preparedness and Response,
Conservation of Arctic flora and fauna, Protection of the Arctic Marine Environ-
ment, Sustainable Development in the Arctic, and Arctic Contaminants Action
Program.

Reports on the State of the Arctic Environment and the Arctic Marine Shipping
Assessment were prepared in the AC framework and contained the first assess-
ments of the possible scenarios in the case of a continued tendency for a rapid ice
cover decrease in the Arctic Ocean.

In 2008-2009, in the framework of the activity of the Task Forces, the Draft
Agreement on Cooperation on Aeronautical and Marine Search and Rescue in the
Arctic was developed and was signed by the Ministers of Foreign Affairs of the AC
member-countries in May 2011 in Nuuk, Greenland. This document was the first
panarctic agreement. At the present time, the second agreement of such format on
the Arctic marine oil pollution preparedness and response is being prepared.

There are more than 70 ongoing AC projects in the field of climate change, ecol-
ogy, economics, culture and health, prevention of emergencies, and protection of
the interests of the indigenous peoples of the North.

The intergovernmental cooperation in the Arctic differs significantly from the
principles of international cooperation in the Antarctic (see the entry “Antarctic
Treaty System (ATS)”). If the AC membership is strictly restricted to the states in
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the Arctic region, the Antarctic Treaty is open for accession to any UN member-
countries. Unlike the Antarctic Treaty, the AC is not involved in the political-legal
regulation issues and any restrictions of military presence in the region. At the same
time, the AC is open to the states that show interest in the Arctic granting them the
observer’s status.

Valery Lukin

See also: Antarctic Territorial Claims; Antarctic Treaty System (ATS); Arctic Territorial
Claims and Disputes; Barents Euro-Arctic Council (BEAC)
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Arctic Fox

The Arctic fox (Alopex lagopus) is a charismatic native inhabitant of the Arctic
region. This small mammalian land-dwelling predator has an average weight of
6.5-17 1bs (3-8 kg). The Arctic fox has a length of approximately 18-26.75 in.
(4668 cm) head and body, and their tail can be up to 13.75 in. (35 cm) long. The
Arctic fox is well adapted to extreme cold. Arctic foxes have two color morphs:
their fur is snow white in winter and brown-yellowish in summer, or can be dark
blue year-round. This species occurs in the entire Arctic and can be found in Eur-
asian and North American Arctic tundras. Some populations like in Fennoscandia
are drastically reduced but still present.

The Arctic fox is adapted to harsh conditions of the Arctic environment having
rounded ears and body, short muzzle and legs, and a fur coat with one of the best
insulating capacities known among any terrestrial mammal. The pads of their feet
have a rete of capillaries that minimize heat loss. Studies have shown that tempera-
tures can get below —40°C before the Arctic fox needs to increase metabolic rate to
maintain normal body temperature. They are also able to survive without food for
extended periods of time. The Arctic foxes’ cold climate adaptations have made it
possible for them to endure and survive the Arctic climate for many thousand years.
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Arctic foxes enjoying the sun. (Falk Huettmann)

Coastal foxes rely primarily on a diet of birds, eggs, and carrion, while tundra
foxes have small mammal (microtine) diet. Traditionally, a fluctuation of many
Arctic fox populations in tundra is correlated with rodent population fluctuations.
As the vole and lemming populations are cyclic, so are the foxes. During microtine
peaks, they have a very high reproduction potential. Between these peaks, large
portion of the foxes won’t breed at all and can even die due to starvation. It is known
that foxes get far out onto the sea ice in search for food. Carcasses of marine mam-
mals from polar bear strikes are the main food source for Arctic foxes there. First
telemetry studies have shown that Arctic foxes can spend at least 150 consecutive
days on the ice and move across huge distances (>2,700 km).

Conservation Status

The Arctic fox is listed as least concern on the [IUCN Red List and is not protected
in its range, except for populations in Norway, Finland, and Sweden, where this
animal is considered critically endangered. Arctic fox trapping is somewhat lim-
ited and licensed in Svalbard (Norway), Greenland, Canada, Russian Federation,
and Alaska (where Arctic foxes are trapped as part of a statewide predator control
program). The role of industrial activities in Arctic regions is noteworthy because
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it can attract as well as kill foxes, and bring in invasive species detrimental for
Arctic foxes. Foxes have declined on the Pribilof Islands (Alaska). The isolated
Arctic fox population (Alopex lagopus semenovi) of Medniy Island (Commander
Islands) is included in the Red Book of Russia. Presently, there are no legislations
that deal with climate change and Arctic foxes nor violations widely enforced or
prosecuted.

The Changing Climate and Red Fox Invasion

While the climate is changing, entire ecosystems are migrating northward, favoring
invasive species such as the red fox (Vulpes vulpes) and invasive diseases, for exam-
ple, rabies. The red fox is native to the boreal forests of the Northern Hemisphere.
The red fox distribution is now expanding northward. In Fennoscandia, the red fox is
increasingly inhabiting the alpine regions, and at human development and at indus-
trial sites on the tundra of Northern America and Russia. The red fox is undoubtedly
the superior species; it tends to be 60 percent heavier and 25 percent larger in linear
dimension than the Arctic fox. It is known to overtake entire Arctic fox dens and
even kill Arctic foxes. With climate change, introducing species like the red fox to
the Arctic, and a threatened sea ice, which is an important feeding habitat, the Arctic
fox is most likely facing a future of drastic declines and possibly even extinctions,
taking a similar fate to the polar bear (to be assumed extinct in 100 years, or less).
Falk Huettmann

See also: Arctic Ground Squirrel; Arctic Hare; Arctic Seabirds; Arctic Wolf; Caribou; Dogs
in the Arctic; Lemmings; Musk Oxen; Polar Bear; Wolverine
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Arctic Ground Squirrel

The Arctic ground squirrel (Spermophilus parryii) is a hibernating rodent native to
the Holarctic ecozone. It is a species of the ground squirrel that live individually
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in tunnels or burrows. During the warmer month, the squirrel is diurnal or active
during the day. These squirrels are omnivorous. Their range stretches from Siberia,
to Alaska, to Hudson Bay, Canada, and as far south as the northern part of Brit-
ish Colombia. Archaeologist found a mummified Arctic ground squirrel that dates
back to about 20,000 years ago.

Adult Arctic ground squirrels average about 16 in. (39 cm) in length with a range
of 14-18 in. (35-46 cm) from head to end of tail. Their tails range between 3 and
5in. (7-13 cm). The squirrels weigh around two pounds. Male Arctic ground squir-
rels are slightly heavier than females (about 3.5 ounces [100 g]). The physical
appearance of the Arctic ground squirrel is a grayish tan and gray in the upper
backside and rusty to tan on the belly side. They have a rusty-tan-colored nose,
head, and legs. Their legs are short and stubby, and they have flat tail that is fairly
bushy. There are four toes on their feet. The squirrel walks on all four legs but can
sit up on two legs to survey the immediate landscape. They have round heads with
a short face with a blunt nose, small rounded ears, and white markings around their
eyes. Overall, their body shape is oval. Their coat changes from summer to winter.
In the summer, their coat is red/yellow in color alongside their cheeks and sides. In
the fall, these red/yellow patches turn silvery in color.

There are eight recognized subspecies of Arctic ground squirrels, which are
the Spermophilus parryii-nebulicola; -ablusus; -leucostictus; -osgoodi; -parryii;
-plesius; -stejnegeri; -kodiacensis (Kodiak ground squirrel); parryii kennicottii
(Barrow ground squirrel); and -/yratus (St. Lawrence Island Ground Squirrel).
These subspecies differ by location as well as slight variation in the color of their
coat and shape of the skull.

The primary source of food is seeds, insects, grasses, flowers, sedges, bog rushes,
bilberries, roots, leaves, lichen, berries, nuts, and mushrooms. They also eat bird
eggs and occasionally eat the young of other Arctic ground squirrels. The squirrels
will sometimes carry food in their cheeks to store in the burrow or eat the food as
they find it.

The Arctic ground squirrel hibernates over the winter from around August to
late April for females and late September to the beginning of April for males. The
squirrels line and insulate their burrow with leaves, lichens, and musk ox hair.
In preparation of hibernation, in the late summer, the male Arctic ground squir-
rel will stock up food in its burrow for spring upon waking up from hibernation
when new vegetation is limited. During hibernation, the body temperature of the
squirrel lowers to 99°F (37°C) and can lower down to 27°F (=3°C). Its brain tem-
perature lowers to just above freezing, and its heart rate declines to approximately
1 beat per minute.

The mating season for squirrels is shortly after hibernation, which is roughly
mid-April and mid-May, but those in higher latitudes can be later. During mating
season, males are aggressive and compete with other males for the females. The



Arctic Hare | 77

paternity of most offspring is from the dominant male; however, a female litter is
usually sired by multiple males. Pregnancy for the female lasts around 25 days with
most litters consisting of 5-10 pups and sometimes more than a dozen. The pups
are breast-fed for around six weeks, then leave the burrow after weaning.

Arctic ground squirrels communicate with each other through physical and vocal
modes. They greet each other by nose-to-nose contact or by pressing various body
parts together. When a predator or threat is observed, a squirrel will make different
vocalizations, such as screeching and rattling to warn others of the danger. These
calls vary based on the type of predator, such as a shrill whistle sound for an aerial
threat and a deep sound for a land threat. Common predators of the Arctic ground
squirrel are foxes (red and Arctic), wolverine, brown bears, lynx, ermine, hawks,
owls, falcons, and eagles.

The Inuit call the squirrel “sik sik” based on the sound it makes. The Unangax
or Aleut call the squirrel “parka,” which is generally thought to be because their
fur or pelt can be used to edge hoods on parkas. The Arctic ground squirrels’ fur is
used by various people in the Arctic for clothing.

Andrew J. Hund

See also: Arctic Fox; Arctic Hare; Arctic Seabirds; Arctic Wolf; Caribou; Dogs in the Arc-
tic; Lemmings; Musk Oxen; Polar Bear; Wolverine
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Arctic Hare

The Arctic hare (Lepus arcticus) is one of the largest hares and the northernmost
hare species. They are characterized by their molting or seasonally changing coat,
especially the southern Arctic species. Their range stretches from Greenland across
northern Canada to Alaska. In these ranges, the Arctic hares live on treeless hillsides
and rocky areas of the tundra. They live above ground, but have been known to cre-
ate dens or use natural shelter as the cold Arctic weather necessitates. In the winter,
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they sometimes relocate to the forest. The hares are opportunistic omnivore feeders
that have a diet composed of a variety of tundra vegetation, such as grasses, shrubs,
lichens, twigs, herbs, crowberries, buds, and woody plants (Arctic willow). Arctic
hares will also feed on small animals and seaweed, as well as scavenge feed on dead
animals (carrion). There are nine subspecies (Lepus arcticus-andersoni, -arcticus,
-bangsii, -banksicola, -groenlandicus, -hubbardi, -labradorius, -monstrabilis, and
-porsildi), which are differentiated by the hares’ range, molting behavior, and physi-
cal appearance.

Adult Arctic hares average about 22 in. (56 cm), with arange of 17-28 in. (43—71 cm)
in length. The hares” weight ranges from 6 to 15 pounds (2.5-7 kg). Female hares
are slightly heavier than males. They have very thick fur, a compact body, and
powerful legs. The hares are highly adapted to the cold Arctic weather. For ex-
ample, they have small front feet, tails, and ears that help reduce heat loss. Their
paws are thickly padded with course fur along with their large back feet that act
like snow shoes, which enables them to walk on the snow surface without sinking.
Arctic hares have an acute sense of smell that allows them to find food under the
snow. Their ears have black tips, and their eyes are located on the sides of their
head, which provide them with a 360° viewing angle without moving their head.
The hares’ locomotion is primarily by their front feet, which can move separately,
while their hind legs step in unison. The hares’ front feet are equipped with long
claws that facilitate digging in snow to acquire food. They also use their incisor
teeth to dig in the snow for food.

The hares’ coat changes from summer to winter. In spring, the amount of day-
light triggers a release of hormones that causes the hares to molt. The southern
hares’ white winter coat is replaced with shorter fur that is brown-gray in color. The
northern Arctic hare also molts into shorter fur but maintains the white coloration
year-round. The changing coat helps the hares to adapt to the warmer days, and the
changing color aids the southern hare with camouflage for the seasons.

The Arctic hare’s body is built for speed with low body fat and long powerful
hind legs resulting in the hare being able to bound up almost 7 ft. (2.1 m). They
are able to run up to 37 mph (60 km/h) and maneuver in erratic patterns to escape
predators. Common predators are humans, Arctic wolves, Arctic foxes, ermines,
gyrfalcons, peregrines, and snowy owls.

Although Arctic hares are mostly solitary, in the winter, they are known to gather
in large groups in what is called “flocking.” This unique flocking behavior is be-
lieved to be for protection from predators. The flocks can be up to several 1,000
hares. A unique feature of the flock is that when disturbed or spooked, the hares
run and change direction in unison. Communication of the Arctic hares is limited
vocalizations. They are known to emit a distress call when captured by a predator.
Arctic hares mostly communicate by secreting a scent from the glands under their
chin and groin.
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The mating season for hares begins in April or May, but those in higher latitudes
may be later. The courtship behavior of the male is to follow the female around
biting her on the neck, which commonly results in drawing blood. Pregnancy lasts
around 50 days with most litters consisting of 2—8 leverets in June or July. The lev-
erets are born in a small depression in the ground, which is commonly bedded with
grass, moss, and fur or can be sheltered under or near rocks. The leverets are born
with a fur coat and with their eyes open. The hares’ mother returns to the nest about
every 18 hours to breast-feed the young. The leverets are breast-fed for around eight
or nine weeks, then weaned and left to fend for themselves.

Andrew J. Hund

See also: Arctic Fox; Arctic Ground Squirrel; Arctic Seabirds; Arctic Wolf; Arctic Woolly
Bear Caterpillar/Moth; Caribou; Dogs in the Arctic; Lemmings; Musk Oxen; Polar Bear;
Wolverine
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Arctic Haze

Arctic haze or “poo-jok” is observed as an unnatural reddish-brown phenomenon in
the Arctic sky especially during warmer months. Arctic haze is primarily produced
when an accumulation of unnatural particulate matter builds up in the atmosphere
and obscures the clarity of the Arctic sky. Arctic haze is considered a form of envi-
ronmental pollution, and it is caused primarily by industry related human activities
and other activities related to modernization and the burning of fossil fuels (e.g.,
coal and petroleum). Natural sources of haze-producing particles are wildfires and
volcanoes, but they are not major sources of Arctic haze. Observation of Arctic haze
is known to be directly correlated with the industrial revolution and modernization
and has impacted human health and the health of our planet.

The term “haze” was developed by the World Meteorological Organization as
part of a classification system of horizontal sky obscuration categories that include
phenomena such as fog, mist, and snow. Haze usually appears reddish-brown in
color, but can appear bluish depending on the angle viewed relative to the sun. The
particular shade of reddish-brown color of Arctic haze is related to the presence
of various concentrations of gaseous nitrogen dioxide (NO,) compounds trapped
in the atmosphere. Haze particulates are produced in dry air, but liquid droplets
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(e.g., water, sulfuric acid or nitric acid) can form on haze particulates (e.g., silicon
and lead) and produce mist droplets and a wet haze observed in the Arctic sky, which
is the Arctic haze or poo-jok. Limited production of turbulent atmospheric activity
(e.g., wind, rain, and snow) that could displace haze particles from polar air masses,
especially in the spring and summer months, leads to the persistence of Arctic haze
for extended periods of time. Conglomerates of Arctic haze and other haze can last
longer than one month. Haze that has formed in different regions of the world can drift
and join other haze conglomerates resulting in larger Arctic haze polar air masses.

At first, native persons and early explorers could not figure out where the
reddish-brown poo-jok was coming from, but later its appearance seemed to di-
rectly coincide with the industrial revolution resulting from other human beings’
influence on nature. Analysis of Arctic haze by scientific methods (i.e., wet chem-
istry and particle-induced X-ray emission studies) beginning in the 1970s revealed
a variety of major ions and metals present in the haze (e.g., sodium, magnesium,
silicon, sulfur, calcium, iron, zinc, and lead) and supported the hypothesis that Arc-
tic winter aerosol is heavily influenced by well-aged continental aerosol originating
from midlatitude regions where they were first produced.

Arctic haze aerosols arise from complex chemical reactions as sulfur dioxide
(SO,) gases emitted from the burning of fossil fuels are converted into sulfuric
acid (H,SO,) especially in the presence of NO,. Sulfuric acid and nitric acid are
known to be the major contributors to acid rain and important contributors to the
liquid droplets that form on dry particulate matter and form reddish-brown Arctic
haze. Metallic particulate matter of haze has the ability to act as catalyst, speed-
ing up the chemical reactions that produce acid rain contributing to Arctic haze
production.

Mined coal and petroleum often contain sulfur compounds, unless the sulfur
compounds are removed prior to burning them. SO, emissions are a precursor to
haze particulate matter. Both of these scientific facts are cause for concern, espe-
cially when considering the environmental impacts. A number of amendments to
the clean air act have been made to measure environmental impact, alter industrial
processes, and fuel emissions in an attempt to slow down the production of Arc-
tic haze particulates and acid rain as well as their precursors. The European Union
seems to have had the greatest success in reducing the percentage of SO, emissions.
Large areas of haze covering many thousands of kilometers are being produced
each year, especially under warmer atmospheric conditions where Arctic haze is
known to persist. Many people fear that as the threat of rising global temperature
increases (i.e., global warming) so too will the production and amount of Arctic
haze in the atmosphere. Arctic haze obscures the clarity and beauty of earth.

Karen Knaus

See also: Arctic Air Pollution; Climate Change and Invasive Species in the Arctic; Climate
Change and Permafrost; Climate Change in the Arctic
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Arctic Loon

The Arctic loon (Gavia arctica) also known as the black-throated diver (as a
middle way, the neologism black-throated loon has been suggested by ornitholo-
gists) breeds in oligotrophic lakes in the northern temperate zone, in the tundra,
and the taiga of Eurasia, from Scotland, Scandinavian Peninsula, Finland, the
Baltic States, Belarus, Russia, and east toward Kazakhstan, northern Mongo-
lia, Siberia, Kamchatka, and northern Sakhalin. It is also considered to be a
rare breeder on the northwest coast of Alaska, from Cape Krusenstern south to
Seward Peninsula.

The world population is estimated at 280,000 to 1.5 million individuals, although
the overall population trend is decreasing. The population of Russia has been esti-
mated at almost 10,000 breeding pairs and in Alaska 100 breeding pairs. Two sub-
species are recognized by taxonomists. The nominal subspecies lives in western
Eurasia east toward Lena River and winters off the coasts of Europe, North Africa,
and Southwest Asia. East of Lena River (including Alaska), the subspecies Gavia
arctica viridigularis is found. It winters in China, Japan, and Korea. A closely re-
lated and very similar taxon is the Pacific loon, Gavia pacifica, a breeding bird in
Alaska, northern Canada, and adjacent areas of northeastern Asia, especially in
Kamchatka, Chukotka, and the Kolyma Peninsula.

Arctic loons occupying southern regions begin their breeding season in April—
May, or later in the north, depending on the onset of spring. Upon nest completion,
the female will lay two eggs. Its diet consists predominantly of fish. The Arctic
loon has longevity of about 28 years.

Folk Knowledge and Myths

While the common loon, Gavia immer, has played an important role in the folk
ornithology and mythology among North American Indians, Inuit, Greenlanders,
and West Nordic people of Iceland, the Faroes, and northern Norway, the Arc-
tic loon replaces it in the traditional north Eurasian folk knowledge and was an
important part of local lore and economy among various peoples in the north.
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A well-known legend known from northern Scandinavia, Finland, the Baltic States,
and Russia that God first created it without legs, but became sensible of the mistake
and flung a pair of legs after it, hence the early English arse foot and Livonian
perzjalga (arse foot) as folk names for it. Among the Siberian Kets and various
Ugrian peoples, the Arctic loon acted as assistant sprits of shamans traveling to the
lower world or was associated with evil power. It is a common view in Eurasia and
North America that the call of loons can be interpreted as ominous. Also their flight
can be read as a kind of weather forecast. This species makes a great noise against
rain. Hence, Scandinavian peasants thought it was impious to kill it.

Its eggs have been gathered and used as food in northern Eurasia, and also the
meat has sometimes been exploited as human food. The use of loon skin for making
cloth, caps, bags, and other items are well known from the circumpolar area. The
utilization of Arctic loon skin is mentioned from the Sdmi area already by Olaus
Magnus in 1555, and it has been used until today. Also the peasantry of northern
Sweden and the indigenous peoples of northern Russia and Siberia have made use
of Arctic loon skin.

Ingvar Svanberg

See also: Arctic Redpoll; Arctic Seabirds; Arctic Skua; Arctic Tern; Gyrfalcon; Lapland
Longspur; Red-Throated Loon; Rock Ptarmigan; Snow Bunting; Snow Goose; Snowy Owl
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Arctic National Wildlife Refuge (ANWR)

The Arctic National Wildlife Refuge (ANWR) is located on Alaska’s North Slope,
in the northeastern corner of the state. It is bounded on the north by the Beaufort
Sea and on the east by Canada. At 30,135 square miles (78,051 sq. km), it is the
largest national wildlife refuge in the United States.

ANWR is home to some of the most diverse wildlife in the Arctic. There are
42 fish species, 37 land mammals, 8 marine mammals, and more than 200 migra-
tory and resident bird species. ANWR is home to black bear, grizzly bear, and
polar bear, and has three resident caribou herds. It includes five distinct ecological
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Arctic National Wildlife Refuge in Alaska. To compensate for a decline in domestic oil
production since the late twentieth century, plans have been proposed to exploit the
reserves within the United States, most notably in the ANWR. Such steps have proven
controversial because of the potential for disturbing wildlife and marring an unspoiled
part of the country. (U.S. Fish and Wildlife Service)

regions including the coastal marine areas; coastal plain tundra; alpine tundra of
the Brooks Range; the forest—tundra transition south of the mountains; and tall
spruce, birch, and aspen of the boreal forest.

The history of government protection of the land that would become ANWR
began in 1960, one year after Alaska achieved statehood. U.S. secretary of the in-
terior Frederick A. Seaton established the Arctic National Wildlife Range for the
purposes of “preserving unique wildlife, wilderness and recreational values.”

In December 1980, in one of his lasts official acts as president, Jimmy Carter
signed the Alaska National Interest Lands Conservation Act (ANILCA), which
renamed the area the Alaska National Wildlife Refuge and doubled its size to
19.3 million acres (7.8 million hectares). The new law also identified four new
purposes of ANWR, which were to preserve wildlife including caribou, bears, mi-
gratory birds, and other species; to fulfill international fish and wildlife treaty ob-
ligations of the United States; to provide continuing opportunities for subsistence
use by local residents; and to protect water supplies.
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In addition to preserving wilderness and indigenous interests, Congress also
recognized the economic value of ANWR. While ANILCA confirmed the wilder-
ness designation of the original 8.9 million acres set aside in 1960, Section 1002
of ANILCA deferred decision on oil and gas exploration and development in
1.5 million acres of ANWR protected in 1980, along the coastal plain of Alaska.
This area, referred to as the “1002 Area,” has been a focus of intense debate since
1980, as preservationists have battled interests’ intent of developing oil and gas
production.

The U.S. Energy Information Administration has estimated that oil production
resulting from the opening of ANWR could produce between 2 and 4 billion barrels
of oil over a 12-year period, reducing the United States’ dependency on foreign oil.
On the other hand, the environmental value of ANWR, including the 1002 Area, is
widely regarded as unparalleled. The U.S. Fish and Wildlife Service views ANWR
as: “America’s finest example of an intact, naturally functioning community of
Arctic/subarctic ecosystems. Such a broad spectrum of diverse habitats occurring
within a single protected unit is unparalleled in North America, and perhaps in the
entire circumpolar north.”

Owing to its remoteness, ANWR is one of the least visited destinations in the
national wildlife refuge system, with only about 1,000 visitors per year. Most visi-
tors enjoy ANWR for recreational purposes, although hunters also take advantage
of its plentiful wildlife. While it is possible to reach ANWR overland via the Dalton
Highway (the only road reaching the area), most visitors travel to ANWR by air.

Bruce Taterka

See also: Climate Change and Permafrost; Colville River; Continental Shelf Claims in the
Arctic; Economic Growth in the Changing Arctic; Environmental Concerns, Arctic Min-
ing Operations
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Arctic Observatories

The high latitudes offer ideal locations to observe space weather from the ground,
without the use of expensive satellites. There are several large observatories in the
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Arctic with instruments that are suitable for space weather observations. The most
obvious instrument would be a camera to look at the aurora. More refined would be
instruments that separate the colors of the auroral light, like spectrometers. One of
the oldest methods of observing the processes in the near-Earth space is by record-
ing changes in the magnetic field. Magnetometers are very sensitive instruments
and can see the smallest variations. Some of these variations are due to electric
currents that flow in and near the aurora. Radio waves are also a good method to
learn about processes that take place in the upper atmosphere and space. Radio
wave observations can be made with antennas that listen to naturally occurring
radio emissions, or they can be made by sending a radio signal and then listening
to the echo, as with radar.

All-sky cameras and magnetometers are relatively cheap instruments, and they
can be distributed to hundreds of sites to paint a global picture. Spectrometers tend
to be more difficult to operate and more expensive to build, and they are concen-
trated at a few sites throughout the Arctic and Antarctic. The large radars are few
in number and require large observatories.

One type of radar uses high-frequency radio waves. Antennas for sending and
receiving these radio waves are a series of short towers and are set up through-
out the Arctic and Antarctic. This is the SuperDARN (Super Dual Auroral Radar
Network). This radar looks obliquely into the upper atmosphere and gets return
signals scattered off of meter-sized irregularities in the charged ionosphere. From
the Doppler-shifted return signal, one can obtain the line-of-sight velocity of the
irregularities. By setting up radar sites in pairs that look at the same volume from
different angles, actual drift velocities can be obtained.

There is almost global coverage from this radar network to give global pictures
of the plasma drift and electric field in the ionosphere. The large observatories
are Poker Flat Research Range (PFRR) in Alaska near Fairbanks, the European
Incoherent Scatter Radar facility (EISCAT) in Norway and Svalbard, the Polar
Cap Observatory (PCO) in Resolute Bay in Canada, and the Sondrestrgm Radar in
Greenland. There are similar radars outside of Arctic latitudes, at Millstone Hill in
Massachusetts and Arecibo on Puerto Rico. All these house incoherent scatter ra-
dars, which require either very large dish antennas (EISCAT and Sondrestrgm) or
large arrays of antennas (PFRR, PCO). The large observatories also have many ad-
ditional instruments. Typically, these are spectrometers, interferometers, and vari-
ous cameras. Spectrometers separate the colors of aurora or airglow, which gives
some information on chemical processes that go on at high altitude. Interferometers
usually look at only one emission feature in extremely high resolution. It is pos-
sible to measure the velocity of the emitting atoms and molecules from the Doppler
shift of the emission and thus obtain wind measurements at high altitude. Imaging
cameras can be used to image the entire sky (all-sky camera) or with the use of a
telescope look at the details in auroral curtains.
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INCOHERENT SCATTER RADAR

Radar works by sending out a radio signal and then listening for the echo.
The radio wave in an airport radar is reflected by the metal skin of airplanes.
Weather radar makes use of the reflection of radio waves from raindrops.
There are no objects like that in the upper atmosphere, aurora, or iono-
sphere. The radar used for these purposes is called incoherent scatter radar
(ISR). The radio waves are tuned to be reflected off of individual electrons.
The scattered signal is extremely weak and detectable only because there are
so many electrons in the ionosphere and because the radars use very large
antennas and strong radio signals. The antennas used for this are either large
dishes or phased arrays. The dish antennas are parabolic dishes with 32—-40 m
(100-120 ft.) of diameter. The largest and first ISR was built with a dish
lying flat in an extinct volcano in Puerto Rico. That dish is 305 m (1,000 ft.)
in diameter. The newest ISRs employ phased array antennas. These are foot-
ball-sized arrays of dipole antennas. While the dishes need to be physically
moved and pointed to scan over different areas of the sky, a phased array can
point its sensitivity in any direction by manipulating the timing of the re-
ceiver for each dipole antenna. This is done in software and makes the point-
ing of these antennas very agile. Much information can be extracted from
the scattered signal from an ISR. The total return power gives the density of
the plasma at a given altitude, but the shape, shifts in frequency, and other
parameters of the scattered signal also contain information. Thus, one can
deduce plasma drift, electric fields, temperature, and, with a few assump-
tions, even the composition of the plasma.

Dirk Lummerzheim

Cameras often have filters to concentrate on a single emission feature. It is often
useful to combine observations from many different instruments and instruments in
many different locations to obtain a better understanding of phenomena. The mul-
titude of observatories and additional smaller observation sites makes this difficult.
Every site will have data in different formats or different time or spatial resolution.
To make it easier to combine data from many different sites and instruments, virtual
observatories have been set up. These are, as the name implies, not physically lo-
cated anywhere, but live in cyberspace. An example of a virtual observatory was de-
veloped mainly at the University of Calgary and is hosted on computers in Canada,
United Kingdom, Scandinavia, and China: Global Auroral Imaging Access, GAIA.

Dirk Lummerzheim

See also: Arctic Haze; Aurora Australis; Aurora Borealis; Auroral Substorm; Geospace;
Ionosphere, Polar; Rocket Ranges in the Arctic; Space Weather
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Arctic Ocean

The Arctic Ocean is the world’s smallest ocean. It is the predominant feature of the
Arctic region covering an area of 5.4 million square miles (14.06 million sq. km).
Baffin and Hudson Bay are major features of the Arctic Ocean. The deepest point
of the Arctic Ocean is around 17,850 ft. (5,440 m) with an average depth of around
12,000 ft. (3,658 m). During the winter, the Arctic Ocean is covered by an ice pack
of 5-10 ft. deep, while in the summer, the outside edges are ice free. Over the past
50 years, scientists have noted a persistent loss in Arctic Sea ice.

The Arctic Ocean is bordered by Russia, Alaska, Canada, Greenland, and Nor-
way, and is ringed by various seas, such as the East Siberian, Laptev, and Kara
Seas of Russia; the Chukchi Sea located between Alaska and Russia; Beaufort Sea,
which has a shared coastline by Alaska and Canada; and the Barents Sea that bor-
ders both Russia and Norway. The two international outlets are located between
Greenland and the Spitsbergen Islands of Norway (called the “Fram Strait”’) and be-
tween Alaska and Russia (called the “Bering Strait”). The Fram and Bering Straits
are used for shipping lanes and are also the main routes for surface water exchange.
Another significant strait is Hudson Strait, which is located between the northern
coast of Quebec and Baffin Island. Navigating the Arctic Ocean is precarious due
to frequent encounters with icebergs and ice islands.

The Arctic Ocean supports a small but complex web of life, which flourish with
the change of seasons. On top of the ice, the seasonal melting ice creates pools of
water that enable the development of various biological communities. Brine chan-
nels (tunnels in the sea ice) become home to various bacteria and algae, which are
a food source for flatworms and other tunnel-type creatures. During the melting of
ice, these organisms and nutrients are released into the water, which promotes the
growth of algae under the ice. Zooplankton feed on the algae, and the zooplanktons
are a food source for aquatic and marine mammals such as fish, squid, sea lions,
walruses, seals, and whales. Beneath the ice, various creatures live, reproduce, and
die. These creatures’ bodies drop to the ocean floor, where they become food (nutri-
ents) for various benthic animals, such as sponges, crustaceans, mollusks, and other
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ocean floor—dwelling creatures. This food sources help the ocean floor creatures
to thrive, and in turn, they become food for larger creatures such as fish, squid, sea
lions, walruses, seals, and whales. These aquatic and marine mammals are preyed
upon by larger mammals that live on the ice, such as polar bears.

Most major rivers flowing into the Arctic Ocean are found in Russia, with the
exceptions being the Mackenzie River in Canada and the Colville River in Alaska.
The major Russian rivers flowing into the Arctic adjacent seas and into the Arctic
Ocean from Russia are Khatanga and Lena Rivers flowing into the Laptev Sea; the

ILULISSAT DECLARATION (2008)

The Ilulissat Declaration was announced on May 28, 2008, at the Arctic
Ocean Conference. The Arctic Ocean Conference was held from May 27 to
29, 2008, in Ilulissat, Greenland. The five Arctic coastal countries of Can-
ada, Denmark (Greenland), Norway, the Russian Federation, and the United
States (Alaska) were participants in the conference. The three other Arctic
Nations of Finland, Iceland, and Sweden were not asked to participate be-
cause they are not a coastal country of the Arctic Ocean. The Arctic Council,
Barents Euro-Arctic Council, and the Arctic indigenous peoples were also
not participants in the discussions.

Foreign ministers from each of the five coastal countries formally meet to
discuss Arctic sovereignty (border disputes, demarcation issues, continental
shelf limits, etc.), sovereign right, and jurisdiction authority over their sover-
eign areas. The declaration also focused on climate change effect on the liveli-
hood of Arctic indigenous people, the Arctic ecosystems, and environmental
protection for flora, fauna, and ice-covered areas. A major issue discussed was
the opening of the Northwest Passage with regard to international shipping
routes and emergency response capabilities.

The Arctic Ocean Conference was hosted by the foreign minister of Den-
mark, Per Stig Moller, and the prime minister of Greenland, Hans Enok-
sen. The invited ministerial-level participants were Gary Lunn (minister for
Natural Resources of Canada), Sergey Lavrov (minister for Foreign Affairs
of the Russian Federation), Jonas Gahr Stgre (minister for Foreign Affairs
of Norway), and John Negroponte (deputy secretary of State of the United
States of America). The Ilulissat Declaration was a formal acknowledgment
of the immediate and long-term priorities of the Arctic coastal countries for
the sustainability of the Arctic Ocean region.

Andrew J. Hund
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Indigirka and Kolyma rivers flowing into the East Siberian Sea; and the Pechora,
Ob, and Yenisey Rivers flowing into the Kara Sea.

Over the years, the rivers and seas flowing into the Arctic Ocean have been pol-
luted to various degrees. For example, the discharge of liquid waste (effluents) from
the Mayak and Tomsk nuclear fuel reprocessing plants are released into the Ob River,
and those from Krasnoyarsk nuclear fuel reprocessing plant flow into the Yenisey
River. The various areas of the Pechora River are severely polluted. From 1960 to
1991, low-level radioactive waste was dumped in the Barents Sea and Kara Sea by
the Soviet military. High-level radioactive waste was also dumped into the shallow
fjords of the Kara Sea near the Novaya Zemlya Archipelago. Nuclear waste was also
dumped in the Novaya Zemlya Trough that has depths up to 1,250 ft. (380 m). The
Soviet military also dumped radioactive waste in the east coast of Kamchatka and in
the Sea of Japan.

The introduction of pollution to the ecosystem can have significant and lasting
effects on the already stressed ecosystem. Arctic ecosystems are highly sensitive
to environmental degradation due to the persistent low temperatures, short grow-
ing season, and significant changes to sea ice and permafrost. The food chain of the
Arctic Ocean is based on a few species, and as a result, slight man-made or natural
changes can have significant effects on the fragile ecosystem. The Arctic waters
and sea ice are sinks for pollutants.

There are a number of ports in the Arctic. Some Canadian ports are Inuvik
(68° 21'N 133° 43'W) and Tuktoyaktuk (69° 26'N 133° 1'W) in the Northwest Ter-
ritories and Nanisivik (73° 2'N 84° 32'"W) in Nunavut. Arctic ports for the United
States include Barrow (71° 17'N 156° 45'W) and Prudhoe (70° 19'N 148° 42'W)
in Alaska. Norway ports include Kirkenes (69° 43'N 30° 3'E) and Vardg (70° 22'N
31° 6'E). The island of Svalbard has a port at Longyearbyen (78° 13'N 15° 39'E).
Russian port in the Barents Sea is Murmansk (68° 58'N 33° 5'E), Arkhangelsk
(64° 32'N 40° 32'E) is a port of the White Sea, Tiksi (71° 38'N 128° 52'E) is the
port of the Laptev Sea, and Pevek (69° 42'N 170° 17'E) is the port of the East Si-
berian Sea. Ports of the Kara Sea include Dikson (73° 30'N 80° 31'E), Dudinka
(69° 24'N 86° 11'E), Igarka (67° 28'N 86° 35'E), Labytnangi (66° 39'N 66° 25'E),
and Salekhard (66° 32'N 66° 36'E).

Andrew J. Hund

See also: Arctic Basin; Arctic Shipping; Barents Sea; Beaufort Sea; Beaufort Sea Dispute;
Chukchi Sea; Coastal Erosion; Continental Shelf Claims in the Arctic; Drifting Research
Stations in the Arctic Ocean; East Siberian Sea; Greenland Sea; Kara Sea; Laptev Sea;
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Arctic Redpoll

The Arctic redpoll (Carduelis hornemanni) is a member of the finch family. It is
sometimes called the “hoary redpoll.” There are two subspecies: the Coues’s Arctic
redpoll or the Scandinavian Arctic redpoll (Carduelis hornemanni exilipes) and the
Hornemann’s Arctic redpoll or Greenland Arctic redpoll (Carduelis hornemanni
hornemanni). The Coues’s Arctic redpoll is found in Scandinavian countries and
Canada, and breeds in Alaska, Canada, and Eurasia. It is slightly darker and leaner
than the Greenland Arctic redpoll. The Greenland Arctic redpoll is found mostly in
Greenland and breeds in Greenland and Canada on Ellesmere and Baffin Islands.
It differs significantly from the Coues’s Arctic redpoll and is more pale and has a
white rump.

Arctic redpolls are very social and lively birds that travel in flocks. In the winter,
they will travel in mixed flocks with other finches. They forge and glean feed on
bushes and trees, and scratch the ground eating mostly seeds and insects. Redpolls
frequently hang upside down while feeding in bushes and trees and use their feet
to grasp food items.

Redpolls’ weight ranges between 0.4 and 0.7 ounces (11-20 g). The length of
adult redpoll ranges between 4.5 and 5.5 in. (11-14 cm), with a wingspan of about 9
in. (23 cm). A main characteristic of the redpoll is the red crown on its head. There
are slight color and marking differences between males and females. Females lack
the pink on the breast and have more streaks in the belly area.

The preferred habitat of redpolls is open tundra and woodland areas. In the win-
ter, redpolls live in open woodland spaces in urban and suburban locales. They
nest and breed in open subarctic coniferous forest, scattered brushy scrub, and
near sheltered water banks. Some redpolls live year-round across the Arctic, from
Alaska to Russia. Other redpolls will migrate between further north in the summer
and winter in the Taiga latitudes in Canada, Alaska, and northern Europe. If there
is a significant increase in the population, the range can extend further south into
the middle part of the United States and Europe.

Redpoll pairs bond and are monogamous couples. Typically, with their social
nature, they nest in colonies. The female uses various grass and twigs to fashion a
cup-shaped nest near the ground surrounded by rocks or bushes. The female lays
one to six eggs and can have up to two broods a year. The female sits on the eggs
between 9 and 12 days. The chicks are born featherless, requiring warmth and care
for an additional 9-15 days, after which the young are able to leave the nest and
forage with the flock.

Andrew J. Hund

See also: Gyrfalcon; Lapland Longspur; Rock Ptarmigan; Snow Bunting; Snow Goose;
Snowy Owl
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Arctic Salmon

Salmon and trout are the name given to a number of fish in the Salmonidae fam-
ily. The basic distinction between trout and salmon is that salmon are anadromous
(born in freshwater, travel to the ocean for several years, then return to their fresh-
water birthplace to spawn) and spawn once, while trout are residents and spawn
several times. There are also landlocked salmon, which are similar to trout. There
are eight Arctic salmon, which belong to two groups. The two groups are the Pacific
and the Atlantic.

The one member of the Atlantic group is the Atlantic salmon, while there are
seven species in the Pacific salmon group (chinook, chum, coho, masu, pink, steel-
head, and sockeye). A key difference between the Pacific and the Atlantic salmon is
the oceans where they live. Another difference is that Pacific Salmon are semelpa-
rous (spawn only once), while some Atlantics are iteroparous, meaning they can
migrate up a river and spawn and then can return to the ocean and spawn again.

Atlantic

Natural stocks of Atlantic salmon (Sal/mo salar) inhabit the Atlantic Ocean and
spawn in the northern rivers of Greenland, Iceland, and Norway as far south as

Chum (or dog) salmon. (Andrew J. Hund)
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Portugal on the European side of the Atlantic. On the North American side of the
Atlantic, these salmon inhabit the East Coast Rivers of New England northward to
the Canada Arctic region. They have also been found in Alaska and British Colum-
bia Rivers as an invasive species. These salmon have escaped British Columbia
aquaculture farms. They are also farmed in many other countries, such as Norway
and Chile.

Atlantic salmon that are landlocked are not a different species but have evolved
into a nonmigratory species. Landlocked Atlantic salmon (Salmo salar m. sebago)
inhabit numerous lakes in eastern parts of North America and northern Europe. The
maximum length of an Atlantic salmon is around 59 in. (150 cm) with the average
length being between 28 and 30 in. (71-76 cm). A typical adult Atlantic salmon
weighs between 8 and 12 pounds (3.6-5.4 kg), with some nearing 30 pounds
(13.6 kg). The life span is estimated to be up to 13 years.

Pacific

The chinook salmon (Oncorhynchus tshawytscha) is the largest of the Pacific
salmon species. They are a powerful salmon that is capable of traveling more than
1,200 miles (2,000 km) up the Yukon River to spawn. Chinook salmon are also
called “king salmon” in the United States and “spring salmon” in British Colum-
bia. Chinook salmon originate both in Asia and in North America, and their range
is from mid-California to the Mackenzie River and Kugluktuk of Canada.

The maximum length of a chinook salmon is around 59 in. (150 cm) with the
average length being about 28 in. (70 cm). A typical adult chinook salmon weighs
between 10 and 50 pounds (4.5-23 kg). The maximum weight of chinook is esti-
mated at 135 pounds (62 kg). The largest sport king salmon ever caught was more
than 5 ft. in length weighing 97 pounds and was caught by Les Anderson in 1985
on the Kenai River. Bigger king salmon have been caught in fish weirs and on com-
mercial fishing vessels. All chinook salmon are semelparous (die after spawning).
The life span is estimated to be up to nine years.

The chum salmon (Oncorhynchus keta) is the second most abundant salmon
species and has the largest natural range of all Pacific salmon species. Like the
king salmon, they are capable of traveling more than 1,200 miles (2,000 km) up
the Yukon River to spawn. Chum salmon are also called “calico,” “dog,” or “keta
salmon.” Their range is from mid-California to the southernmost island of Kyushu,
Japan, north to the Lena River of Russia and east to the Mackenzie River of Canada.
Chum salmon are found across the Pacific Ocean and in the waters of the Bering,
Laptev, and Beaufort Seas as well as the Sea of Japan and Sea of Okhotsk.

The maximum length of a chum salmon is around 45 in. (115 cm) with the av-
erage length being about 24 in. (60 cm). A typical adult chum salmon weighs be-
tween 10 and 22 pounds (4.5-10 kg). The maximum weight of chum is estimated at
45 pounds (20 kg). The largest sport chum salmon ever caught was 44 in. (112 cm)
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Editor Andrew . Hund with a king salmon. (Andrew J. Hund)

in length weighing 42 pounds and was caught in British Columbia. Chum salmon
spawn in rivers and streams, and their offspring (fry) make the journey to the ocean
soon after birth. They return to their natal river or streams after three to six years in
the ocean. The estimated life span of the chum salmon is up to seven years.

The coho salmon (Oncorhynchus kisutch) natural stocks are found in Asia
and North America from mid-California to the coastal waters near Point Hope,
Alaska, west to the Anadyr River in Russia, and south to Hokkaido, Japan. Coho
salmon are also called “silver salmon” or just silvers. The maximum length of a
coho salmon is around 43 in. (108 cm) with the average length being about 28 in.
(71 cm). An average coho salmon adult weighs about eight pounds (3.6 kg), with
the maximum weight being estimated up to 35 pounds (16 kg). The coho fry remain
their natal river for one to two years, migrate to the ocean for around 18 months,
and then return to the natal river or stream to spawn and die (semelparous). The
estimated life span of the coho is up to five years.
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The Masu salmon (Oncorhynchus masou) is a small salmon that spawns in riv-
ers of Western Kamchatka and lives in the Western Pacific waters of Japan, Korea,
and Russia. Masu salmon are also called “cherry salmon.” There are a couple
of subspecies, such as the Biwa trout (Oncorhynchus masou rhodurus), the red-
spotted masu (Oncorhynchus masou macrostomus), and the landlocked Taiwanese
masu (Oncorhynchus masou formosanus). The maximum length of a Masu salmon
is around 27 in. (70 cm), with the average Masu being around 20 in. (50 cm).
A typical adult Masu salmon weighs between 4.5 and 5.5 pounds (2-2.5 kg). The
maximum weight of Masu is estimated at 19 pounds (9 kg). Cherry salmon resem-
ble coho salmon. Masu spend at least one year in the ocean, reach maturity around
three to four years of age, and die after spawning (semelparous). From March to
May, Masu return to natal rivers, where they spend the summer, then spawn in the
fall. The estimated life span of the Masu salmon is up to four years of age.

The pink salmon (Oncorhynchus gorbuscha) are the most abundant of the salmon
species. They originate in both Asia and North America and are found from northern
California to Korea and north from the Mackenzie River to the Lena River in Russia.
Pink salmon are also called “humpies.” They are the smallest of the salmon species,
with adults weighing between 2 and 5.5 pounds (1-2.5 kg). The maximum length of
a pink salmon is around 30 in. (76 cm), with the average pink being around 20 in.
(50 cm). The estimated maximum weight of pink salmon is about 15 pounds (6.8 kg).
Humpies spawn in rivers and streams, and their offspring (fry) make the journey to the
ocean soon after birth. The majority of pink salmon spend 18 months in the ocean, re-
turn to their natal rivers and streams after two years, and die after spawning (semelpa-
rous). The estimated life span of the pink salmon is up to three years.

The steelhead trout (Oncorhynchus mykiss) is the anadromous variety of the
rainbow trout. The length of an adult steelhead typically ranges between 19 and
23 in. (50-58 cm). Steelhead weigh between 3 and 15 pounds (1.4-6.8 kg). Like
the other salmon species, the steelhead makes the ocean journey and returns to its
natal river or stream. Typically, steelhead stay in freshwater for two to three years
and then spend another two to three years in the ocean, before returning to the
natal river to spawn. Some steelhead die after spawning (semelparous), while oth-
ers spawn more than once (iteroparous). The estimated life span of the steelhead
isup to 11 years.

The sockeye salmon (Oncorhynchus nerka) is the third most plentiful salmon of
the Pacific salmon species. Unlike other salmon species, the sockeye salmon does not
spawn in rivers or streams. Instead, they spawn in lakes generally at the end of stream
or river. Sockeye salmon range is from the Klamath River in California west across
the Pacific Ocean to Hokkaido, Japan, north to the Anadyr River in Russia, and east to
Bathurst Inlet in Canada. The landlocked sockeye salmon is called “Kokanee salmon.”

The maximum length of a sockeye salmon is around 33 in. (84 cm), with an
average range being from 17 to 20 in. (45-60 cm). Sockeye weight ranges from
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3.5 to 7 pounds (1.6-3.2 kg). Red salmon spawn primarily in lakes (some use riv-
ers and streams, although rare), and their offspring (fry) can grow in the lake for
one to three years before make their journey to the ocean. Sockeye remain in the
ocean for one to four years before returning to the natal lakes and die after spawning
(semelparous). The estimated life span of the sockeye salmon is up to eight years.

Andrew J. Hund

See also: Beluga Whale; Orca; Pacific Sleeper Shark; Salmon Shark; Walrus
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Arctic Seabirds

Seabirds are birds that derive their primary source of energy from oceans. Some
seabirds are a rather ancient species group, and they exist in every ocean in the
world; it includes four orders, 15 families, and 298 species from the Class Aves.
The latitudinal Arctic (66° 33'N and higher) provides breeding grounds for 44
of these species (approximately 15% of all seabird species). These include birds
from the loons (Gaviidae), petrels (Procellariidae), cormorants (Phalacrocoraci-
dae), gannets (Sulidae), skuas (Stercorariidae), gulls (Laridae), and auks (Alcidae).
Of these families, the one petrel (Northern Fulmar, Fulmarus glacialis), the terns,
five species of gulls, the auks, loons, and the four skuas are endemic to the Arctic
and subarctic. The highest species diversity is found in the Chukchi Sea (28 spe-
cies), followed by the Davis Strait/Baffin Bay, Greenland, Norwegian, and Barents
Seas (22-26 species). Modeled species distributions show that these areas of high
species diversity also coincide with areas of high densities of seabirds (i.e., high
likelihood of finding a seabird within a certain area). These areas have high num-
bers of seabirds because these are also the areas where most colonies are found.
Over the last thousand years, humans have often settled near such colonies for col-
lecting food, because such areas can be very productive for fish, marine mammals,
and other resources, too.

Many Arctic seabird species are colonial (i.e., most auks, gannets, cormorants, the
Northern Fulmar, terns, and some gulls). Arctic seabird colonies are often located on
islands around the Arctic, as well as on the mainland of Greenland, and Iceland. The
majority of the colonies are concentrated on the larger islands (e.g., Novaya Zemlya,
Baffin Island, and Svalbard), but some species will nest on small offshore rocks as
well (e.g., common murre; Uria aalge; thick-billed murre, U. lomvia; and Northern
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Gannets, Morus bassanus). The colonial species usually nest along the shoreline,
while the noncolonial species (i.e., loons, skuas, and some gulls) tend to nest on the
open tundra (loons nest on lakes and ponds, skuas nest in grasses, while gulls nest
in a variety of places from the coastline to open grassy areas).

With the exception of residential pigeon guillemot (Cepphus columba), virtu-
ally all of the mentioned families migrate to the Arctic for the breeding season pri-
marily because of the highly productive waters that are opened up as sea-ice melts
(e.g., the Arctic tern; Sterna paradisaea will do a global migration of 80,000 km
to return to the Arctic to breed). The cold Arctic waters, mixing with warmer wa-
ters (e.g., from the Gulf Stream), create a productive environment for seabirds to
raise their chicks. The breeding season extends from June to late September in the
Arctic, but breeding strategies can differ greatly between species. Common murre
and thick-billed murre, cormorants, Northern Gannets, and the Northern Fulmar
nest along the coastline, usually on cliffs. They raise one to two chicks in the nest
until fledging when the young are led to sea by the adults. Small alcids like crested
and least auklet nest in crevices in rock taluses, raising one chick per year. Skuas
and most gulls nest in open tundra and raise one to three chicks per year, feeding
the chicks in the vicinity of the nest. Loons nest on open tundra lakes, but can raise
two to three precocial chicks per year that spend the first two weeks of their lives
on the backs of the adults to conserve heat and avoid predators.

Seabirds of the Arctic forage on a variety of food sources, but most are primarily
piscivorous (fish feeders). Piscivorous seabirds include the larger auks (murres and
guillemots), dovekie, gannets, terns, cormorants, and loons. These birds feed on a
variety of small fish including capelin (Mallotus villosus) and sand lance (Ammo-
dytes spp.). The small alcids are primarily planktivorous feeders, eating large cope-
pods, amphipods, and other large zooplankton. Most of the gulls and the Northern
Fulmar are opportunistic feeders and will feed on carrion, fish, squid, and waste
products. Some species of gulls (e.g., glaucous, herring, and great black-backed)
will take advantage of garbage dumps or human scraps in towns or cities. Many
of the larger gulls show individual culture and will engage in predatory behavior,
killing chicks or adults, and stealing eggs from nests, which has implications in
species management and population trends and when endangered species, for in-
stance, get preyed upon.

Due to the difficulty and expense of performing a census in the Arctic, the exact
number of individual seabirds that breed is unknown; however, it is generally esti-
mated that all but two species of seabirds (ivory gull and Thayer’s gull) have popu-
lations greater than 100,000 individuals. It is also difficult to estimate population
trends in most Arctic species, and sometimes the widely dispersed nonbreeders
can make up of more than 40 percent of the species overall. But studies on com-
mon and thick-billed murres have shown substantial population decreases in some
colonies, for example, in eastern Canada. Despite having estimated population



Arctic Seabirds | 97

sizes of 10 million birds, numbers of both species around West and East Green-
land have diminished due to drowning in gill nets (most recently), harvesting by
humans (historically and ongoing) or other reasons (chronic oil spills, climate
change). Northern Fulmar and black-legged kittiwake (Rissa tridactyla) have also
recently shown decreases in population size. The most dramatic losses to seabirds
have been seen in the ivory and Thayer’s gulls, which are now listed on the [IUCN
red list as near threatened. The Kittlitz’s murrelet is also discussed as a species
for the U.S. Endangered Species Act. It is unlikely that these losses are due to a
single cause as it is clear that there are multiple stressors on seabirds in the Arctic
ecosystem overall. For example, declines in ivory gull populations could be due
to hunting in Greenland, high levels of mercury in eggs, loss of sea ice, or a com-
bination of these three or more factors. Other additional threats to seabirds in the
Arctic include climate change, pollution, and oil/gas exploration, planned drilling,
and shipping routes.

Arctic seabirds have evolved in the presence of seasonal sea ice, which controls
the balance of the ecosystem, and the world climate even. The inevitable loss of
the summer sea ice will invariably affect the ecosystem, seabirds, and the world.
Dovekies have been speculated to buffer some of the effects of sea-ice loss by
adapting foraging strategies within their ecological niche. However, further deg-
radation of their foraging areas (decreased productivity, overfishing, or increased
sea-surface temperature) will certainly cause declines in their population, meta-
populations, and subsequent genetic makeup. It is unknown how other species
will react to climate change; however, current data suggest negative consequences
for all Arctic seabirds. Other negative consequences also occur when seabirds are
subjected to pollution such as plastic, which have been recently found to be in-
creasing in concentration in the Arctic basin, as worldwide. Seabirds will swallow
plastics or feed them to their chicks causing death. Deaths also occur after a bird
has been oiled, which comes from spills caused by drilling or spills from ships. In-
creases in drilling or oil/gas exploration as well as increased shipping will likely lead
to spilled oil in the Arctic, which will invariably kill seabirds. This is primarily due
to the fact that the oil and gas exploration sites occur in seas and shelf areas where
high numbers of seabirds are found (i.e., the Norwegian Sea, Barents Sea, Beaufort
Sea, and Chukchi Sea).

Many Arctic seabirds have already disappeared in their southern ranges, for
example, Dovekies in Iceland, tufted puffins in Japan and California. Subtropical
birds like gannets are now found nesting in Arctic regions, for example, White Sea.
The future of seabirds in the Arctic is uncertain as one school of thought is that as
summer sea ice retreats, seabirds will be able to adapt and change foraging strate-
gies. The other more widely accepted school of thought is that the Arctic ecosystem
will change so drastically that all seabirds will suffer and cannot withstand prey
loss and stress brought by invasive species. It is clear that much more research is
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required to conserve all Arctic seabird species and that an efficient management
model is to be found still to achieve.
Grant Humphries and Falk Huettmann

See also: Agreement on the Conservation of Albatrosses and Petrels (ACAP); Arctic Bot-
any; Arctic Loon; Arctic Redpoll; Arctic Skua; Arctic Tern; Common Raven; Great Auk;
Gyrfalcon; Lapland Longspur; Little Auk; Red-Throated Loon; Rock Ptarmigan; Snow
Bunting; Snow Goose; Snowy Owl; Sooty Albatross; Wandering Albatross
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Arctic Shipping

Arctic shipping significantly changes how business is done, worldwide. The impacts
cover the many aspects of globalization. As a matter of fact, Arctic shipping routes
have already been prepared and explored for many years, even dating as far back the
fifteenth century. The tragic Franklin Expedition (search for Northwest Passage)
became infamous, but numerous other explorations were done too, for example,
along the Russian coast and carried out by many nations.

Arctic shipping lanes are assumed to be equal in impact to the Panama Canal.
At minimum, they connect the major Atlantic ports and markets with the Asian
markets and with the Pacific Rim (this includes global cargo hot spots such as Sin-
gapore, Shanghai, Taiwan, Tokyo, and even Australia, Indonesia, Malaysia, and
India). The geopolitical relevance of the Arctic shipping lanes is appreciated when
knowing the large historical efforts that were undertaken to establish global ship-
ping routes in the first place, such as with the Suez Canal, and alternative routes to
the Panama Canal through the San Juan River and Nicaragua, or that Taiwan and
the United States are so heavily invested with the current Atlantic—Pacific connec-
tion: the Panama Canal.

While Canada was not especially an international leader in Arctic marine or in
any shipping issues so far, the upcoming Arctic shipping lanes have put a new em-
phasis on this part of the world. Presently, Russia is vying to be a global leader for
Arctic shipping. The recent Russian claim of the North Pole signals such a role.
Consequently, the impacts on small nations like Norway or Iceland will also be
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dramatic with the rise of Arctic shipping. That is because many hubs (e.g., airports,
administration) and deep harbors are required to cater all the traffic, for mainte-
nance, and spill preparedness (many types of spills can be expected, e.g., oil spills,
broken ships, so-called rat-spills, and ballast water and chronic oil pollution). Arc-
tic shipping will become a major conduit for introducing invasive species. But also
impacts on land will occur via infrastructure, such as support lines for ports, the
construction of hubs, and roads that connect the worldwide supply arteries. Argu-
ably, Arctic shipping will indeed create its own air traffic and shipping (e.g., in-
creased coast guard efforts). However, a coherent network of protected areas on
land and at sea hardly exists nor are they being addressed.

All of this is directly linked with the human population growth, as well as with
peak oil, species well-being, the consumption of goods, and, first and foremost,
with climate change. There is hardly a better confirmation that climate change is
for real than the topic of Arctic shipping in itself: while many climate facts were
denied for years by political administrations such as with President George W.
Bush, many of those governments then happily signed on to support the prepara-
tion and planning of Arctic shipping routes due to the retreating sea ice in a warm-
ing atmosphere.

Opening the Arctic, such as through shipping and resource extraction, will
have to fit one way or another into such a new world that it creates and contrib-
utes to. From the track record, it is easy to comprehend that population centers,
industrial production facilities, and farming (food production) will adjust to Arc-
tic shipping (e.g., by moving as close to the market arteries as possible and get-
ting connected).

Arguably, the geopolitical aspect of Arctic shipping is hardly touched upon yet,
nor are most people aware. The present revival of Arctic shipping is also linked
with the fall of the iron curtain, and many new powers and nontraditional Arctic
nations want to be involved, such as South Korea, China, India, and the Mediter-
ranean nations (e.g., Malta and Greece as major stakeholders in world shipping).
Arctic shipping will require a world police to watch and regulate this development
and such shipping routes. The situation in Somalia with pirates on the rise makes
that clearer than ever. There are voices that state that the cold war will start all over
again centered on the question of who dominates Arctic shipping.

Presently, the international seas are still free and belong to the global public.
However, the Arctic shipping lanes mostly cross national waters and Exclusive
Economic Zones, such as Canada, United States, Norway, Iceland, and Russia. The
United Nations Convention of the Laws of the Sea (UNCLOS) was supposed to
deal with this situation in a progressive fashion. But it is already delayed for more
than 20 years and is still not signed by the United States and other nations. While
UNCLOS keeps delaying further, it becomes clear that the open and international
seas like the Arctic Ocean are already heavily overcommitted. These regions are
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neither free, nor really available to all citizens (think of the property structure in
Arctic fisheries, seafloor mining, and offshore oil and gas development). Some of
these are among the remotest operating industries to date as well. It is unlikely that
Arctic shipping plans will end any time soon. While complexities are rising dra-
matically in most dimensions, even the most basic issues like oil spill avoidance
and impacts on biodiversity remain not assessed sufficiently, and there is no sign
that this failure will be resolved any time soon and in relevant means.

Falk Huettmann

See also: Arctic Territorial Claims and Disputes; Continental Shelf Claims in the Arctic;
Sector Principle in the Arctic; United Nations Convention on the Law of the Sea (UNCLOS)
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Arctic Shrub Range Expansion

Climate warming is contributing to large-scale productivity and vegetation changes
in the Arctic. One expected response to climate change is an increase in shrubs in
tundra areas. A growing number of observations indicate that abundance of willow,
alder, and dwarf birch is increasing in Alaska, Canada, Scandinavia, and Russia due
to a warming climate and feedback systems. Shrub expansion is not uniform, with
greatest increases by deciduous tall shrubs in drainages, valleys, and disturbance
areas with higher moisture and nutrient availability. Tundra shrub conversion will
have two main global effects: changes in the surface energy budget and decreased
carbon storage. Increases in the shrub cover change surface reflectivity (albedo),
causing further warming patterns, which further increases vegetation change poten-
tial. Transitions from tundra to shrub land release soil carbon into the atmosphere,
increasing global temperatures.

Arctic regions have experienced a one-third relative increase in shrub coverage
since the 1950s. The increasing shrub species include alder, willow, and dwarf
birch, the three most abundant tall shrubs north of the continental tree line. Species
include dwarf and resin birch (Betula nana L., B. glandulosa Michx.); feltleaf, dia-
mond leaf, and gray leaf willow (Salix alaxensis [Andersson] Coville, S. pulchra
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Cham., S. glauca L.); and green alder (Alnus viridis [Chaix] DC. ssp. crispa [Aiton]
Turrill, A. viridis ssp. fruticosa). Growth of other tundra plant types including
graminoids and forbs is also increasing, while growth of mosses and lichens is
decreasing.

Satellite observations (normalized difference vegetation index) of greening in
the tundra biome depict increases in photosynthetic biomass, leaf area, and shrub
biomass, findings collaborated by field studies. A comparison study examined
more than 200 photos of northern Alaskan landscapes to assess the landscape for
changes in shrub density and size. New photographs taken between 1999 and 2003
were compared with photos from the 1950s. Increases in shrub cover are most
detectable on hill slopes, valley bottoms, river terraces, and floodplains. Smaller
shrubs also increased in locations between valleys.

Some shrub communities are expanding while others remain stable. Tall and
low-growing deciduous shrubs have increased in abundance, while dwarf or ever-
green shrubs have not. Low shrub thickets have increased in height over time, and
bare ground areas have decreased in shrub expansion areas. Most shrub expansions
occur in geomorphic locations with highest disturbance, such as channel margins,
floodplains, stream corridors, terraces, and drainages. Nutrients are most available
in these disturbance areas, through higher temperatures, greater moisture avail-
ability, and increased microbial activity. Warming temperatures may also cause
changes in nutrient availability through nitrogen mineralization. Shrubs can more
efficiently use available nutrients compared to many other tundra plants. As shrubs
grow and expand their coverage, they further alter soil thermal, biotic, and moisture
properties at a community scale.

Grazing may have a significant influence on reducing shrub cover expansion in
some areas. Excluding grazing by caribou, reindeer, or musk oxen resulted in dra-
matic increases in shrub cover, leaf area, photosynthesis, and net carbon uptake. In
areas where grazing intensity is low, shrubs have tended to increase both in height
and cover faster than in the surrounding grazed areas. Shifts in phenology such as
earlier budbreak or timing mismatches with pollinators may also limit shrub expan-
sion. Early budbreak, caused by earlier warm temperatures, may lead to frost dam-
age if temperatures fluctuate in early spring. Insect pollination may be disrupted
if insect emergence is offset from flower production, although alder, willow, and
dwarf birch can effectively reproduce vegetatively.

Increased shrub abundance results from warming temperatures and may further
contribute to Arctic warming in a feedback loop. An increase in the abundance and
height of shrubs changes the low albedo of snow-covered tundra to a higher albedo
of exposed darker-colored shrubs. Taller shrubs reduce wind speed and protrude
from the snow, compared with small thin-stemmed shrubs, resulting in even higher
albedo. Higher albedo results in faster rates of snowmelt, warmer near-surface
temperatures, and a deeper soil active layer. Tundra to shrub transition produces
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a net increase in summer heating, completing a positive feedback mechanism with
global warming trends.

Carbon budget alteration also results from tundra to shrub conversion. The Arc-
tic contains approximately 40 percent of the world’s soil carbon. Shrubs store car-
bon in woody stems with longer turnover times compared with annual plant roots
and graminoid biomass. The soil carbon pool loses carbon when the aboveground
biomass of shrubs increases, resulting in a net loss of carbon from the ecosystem.
Permafrost thaw will also make new carbon pools accessible for microbial respira-
tion and increased vegetation productivity. Higher rates and size of wildfire in the
tundra, due to warmer temperatures and increased lightning strikes, release large
pools of carbon, and may result in shrub conversion in postburn locations. Overall
tundra vegetation composition changes may lead to modified litter quality, carbon
storage changes, and nutrient alternations, contributing to feedbacks with climate
and biogeochemical cycles.

Elizabeth Bella

See also: Arctic Botany; Climate Change and Invasive Species in the Arctic; Human Im-
pacts and the Antarctic Wilderness; Protocol on Environmental Protection to the Antarctic
Treaty; Tundra
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Arctic Skua

The Arctic skua (Stercorarius parasiticus) is a fast acrobatic flying avian pirate
resembling a gull. It is cleptoparasitisic in its behavior and commonly obtains food
by pursuing and harassing other birds, generally terns, puffins, and gulls, forcing
them to drop their recent catch. The other common name of the Arctic skua is
parasitic jaeger. The Arctic skua’s superior flight abilities resulted in the British
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Armed Forces, Royal Air Force, naming the first naval dive bomber the “Black-
burn Skua.” It is a transequatorial migrant that breeds in the Arctic northern coasts
in North America and Eurasia and wintering in the southern regions of Australia,
Africa (South Africa and Angola), South America (Argentina and Peru), and New
Zealand. Its life span is about 12 years.

In comparison with other skuas, the Arctic skua is fairly small in size. The Arctic
skua is commonly mistaken for the Pomarine skua (Stercorarius pomarinus) or the
long-tailed skua (Stercorarius longicaudus). The Arctic skua ranges from 16 to 19
in. (41-48 cm) in length, with its tail streamer adding about 3 in. (7 cm) to its over-
all length. Its wingspan is between 42 and 49 in. (107-125 cm). The weight of the
Arctic skua is between 0.66 and 1.5 pounds (300-650 g). Adult Arctic skuas have
two morphs, which are light or pale and dark. In the light or pale morph phase, it has
a dark brown or almost black crown and upper head, with the sides of the head and
neck being yellowish-white. The throat, breast, and under-tail areas are grayish-
brown, while the belly area is white. The adults in the dark morph phase are com-
monly dark or sooty brown all over and have a black crown and pale-colored cheek.
Some will include a third morph phase, which is an intermediate between the light
or pale and dark phases. During the intermediate morph phase, the Arctic skuas
have a light-colored or pale underbelly, head, and neck. In all morph phases, they
have a white flash on their wings.

The preferred habitat of the Arctic skua is coastal marine and tundra areas. Arctic
skua reaches sexual maturity around four years of age. Breeding of the Arctic skua
is in May or June depending on the location with northern breeding areas being later
in the season. They breed in both isolated tundra location and in a colony’s coastal
location. In the tundra breeding locations, the Arctic skua will be more defensive and
territorial of their nesting area. The nesting site is selected by the male. The female
constructs the shallow nest out of the grass, twigs, moss, or lichen. The nest is located
on the ground or a built-up rocky depression. The couple will generally return to
the same location every year. Typically, two eggs are laid, and the male and female
incubate the eggs for around 25—28 days. After hatching, the chicks leave the nest.
Both parents feed and tend to the hatchlings until they are able to fly (fledge) when
they are about 25—30 days old. The Arctic skua’s diet consists of other birds’ catch. It
also eats insects, bird eggs, young birds, small mammals (e.g., rodents), and berries.

Andrew J. Hund

See also: Arctic Seabirds; Arctic Tern
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Arctic Tern

The Arctic Tern (Sterna paradisaea) is one of very few animals whose travels
take it to both the Arctic and Antarctic regions. A member of the tern family
Sternidae, Arctic terns migrate between 36,000 and 49,000 miles/year. It is a
medium-sized tern, with a length ranging from 11 to 15.5 in. (28-39 cm), a wing-
span of 25.5—30 in. (65-76 cm), and a weight of 3.5—4.5 ounces (99-128 g). As
with many species that breed in polar regions, the tern is stocky with short legs.
It is white below and gray above, with a black cap, bright orange bills and feet,
and a deeply forked tail.

The species breeds across the circumpolar region, from islands of the Arctic south
to Massachusetts, Wales, and Brittany. When not breeding, terns spend much of the
year commuting to and from their wintering grounds in the Antarctic, where they feed
along the edge of pack ice in the Atlantic sector of the Southern Ocean, particularly
in the Weddell Sea. The species is highly pelagic, with migration routes in every
single ocean usually well offshore. While at sea, the tern spends all of its time in the
air, including the time it sleeps. Upon reaching its wintering grounds, terns undergo a
molt that, for a brief period of time, leaves them stranded on the edge of the pack ice.

Due to its impressive migration, the Arctic tern has been well studied by ornitholo-
gists, who have collected much data due to bird banding and geo-location. The av-
erage southbound migration, during which birds take a more circuitous route to the
Antarctic, is 93 days. In the spring, the breeding imperative results in a more direct
northbound flight averaging 40 days. Like other longitudinal migrant seabirds, the
tern takes advantage of prevailing wind systems—clockwise in the Arctic, counter-
clockwise in the Antarctic—to maximize the distance traveled. During their north-
bound migration, some birds have been recorded covering 400 miles in a 24-hour
period. The oldest recorded age is 34 years. Although an average age is not known,
it is not a stretch to imagine that birds surviving to adulthood fly more than 1 million
miles during their lifetime, akin to two round-trips between the earth and the moon.

Sexual maturity is achieved in the third or fourth year. Nests consist of a shallow
scrape in open gravel or grassy areas, with clutch sizes ranging from one to three
eggs. Adult terns will protect their nest and hatchlings by aggressively dive bomb-
ing predators, which include herring gulls and, in their southern colonies, cats, rats,
and even hedgehogs. The terns feed on small fish, sand eels, krill, and, on breeding
grounds, insects. Populations declined in the late nineteenth and early twentieth
centuries due to fashion trends, which incorporated tern feathers in women’s hats.
Colonies rebounded well, however, and it is now considered a species of least con-
cern with more than 1 million birds, although southern populations are declining
due to pressure from human populations.

Andrew J. Howe
See also: Arctic Seabirds; Arctic Skua
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Arctic Territorial Claims and Disputes

No country owns the North Pole or the Arctic Ocean region. The five coastal states
of Canada, Denmark (Greenland), Norway, the Russian Federation, and the United
States (Alaska) have been granted the management, jurisdiction, and governance
over Arctic Ocean under the United Nations Convention on the Law of the Sea
(UNCLOS). This international agreement establishes exclusive economic zones
(EFZs) that grants natural resources development rights over all territorial waters
out to 200 nautical miles (230 miles; 370 km) and the continental shelf as a natural
prolongation or seabed that extends beyond the 200 nautical miles, but not further
than 350 nautical miles (400 miles; 650 km).

This provision allows the coastal states to have exclusive rights to and the har-
vesting of mineral resources to the end of the natural prolongation, but not exclu-
sive rights over living resources beyond the EEZ. The UNCLOS does not establish
ownership of North Pole or the Arctic Ocean region, just jurisdiction authority over
coastal states above and mineral resources under the continental shelf. Four of the
Arctic Ocean coastal states have ratified the UNCLOS with the United States hold-
ing out. Members of the U.S. Congress are reluctant to ratify the treaty because
Part XTI is viewed as being against national security interests and is economically
disadvantageous to U.S. companies. The coastal countries’ territorial sovereignty
claims over the Arctic and the seafloor have not been resolved. Under UNCLOS,
there are several disputes, which include the sector principle, Continental Shelf
Claims, Northwest Passage, Hans Island, and the Beaufort Sea Dispute.

Sector Principle

The sector principle is the way in which the territorial claims or boundaries
are made in the Arctic. National claims to the Arctic region were recognized
under International Law when the nation-state could prove physical occupation
of an area. Claims to Arctic sovereignty are based on the sector principle, which
is a version of the geographic doctrine. The geographic doctrine is also called
“doctrine of contiguity, propinquity, hinterland, and continuity.” Under the geo-
graphic doctrine, if a government occupies and/or exercises state functions over
the territory, the government can be granted title to the area. The sector principle
at its basic definition is simply drawing a line out from the coastal country’s bor-
ders along longitudinal parallels to the North Pole. The longitudinal lines result
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in sectors for establishing the coastal countries’ territory from the neighboring
countries. Historically, claims based exclusively on the sector principle have
been rejected by most nation-states. The general consensus in the international
community is that for a country to establish sovereignty over a territory, it must
be accepted under international law and the country must exercise governmental
functions over the territory. Presently, there is an increased interest in mineral
rights and strategic military positioning in the Arctic. The sector principle is
the way in which the territorial claims or boundaries are made. National claims
of sovereignty to the Arctic region can be recognized under international law
providing the nation-state can prove physical occupation or sufficiently exercise
state functions over the area.

Continental Shelf Claims

The continental shelf claims are a current dispute between the coastal countries.
The issue is over who has owned the natural prolongation and gaps in the ocean
boundaries. A claim to a continental shelf off a coastal country can be included if it
is a natural prolongation or seabed that extends beyond the 200 nautical miles, but
not further than 350 nautical miles (400 miles; 650 km). This provision allows the
coastal states to have exclusive rights to and the harvesting of mineral resources to
the end of the natural prolongation, but not exclusive rights over living resources
beyond the EEZ 200 nautical miles limit.

Presently, Canada has not made an official claim with the UNCLOS to extend its
continental shelf. The Canadian government contends that the Lomonosov Ridge is
an extension of Ellesmere Island of the Canadian Arctic Archipelago. The Denmark
government contends that the Lomonosov Ridge is an extension of Greenland. In their
UNCLOS continental shelf claim, the Russian Federation argued that the Lomonosov
and Mendeleev Ridges were an extension of the Eurasian continent, thus an extension
of the Russian territory. The Russian Federation claim only extends to the North Pole.
The United Nations (UN) has not ruled in favor or oppositions to the Russian Federal
continental shelf claim proposal. The UN requested more research on the matter before
deeming the claim valid or invalid. Norway seeks to resolve continental shelf issues
in three areas, which are in the Barents Sea called the “Loophole,” the Norwegian Sea
called the “Banana Hole,” and the Western Nansen Basin in the Arctic Ocean. Each of
these are gaps in the coverage of the EEZ 200 nautical mile limit resulting in fisheries
being not under any country’s jurisdiction or management.

Northwest Passage

Certain parts of the waters of the Arctic are in dispute. In general, Canada, Den-
mark, Norway, the Russian Federation, and the United States regard most of the
Arctic waters as territorial waters out to 12 nautical miles (14 miles; 22 km) and
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allowed the coastal states four specific areas of regulation enforcement, which
are taxation, customs, immigration, and pollution. The disputes arise as to what
constitutes internal waters. The Northwest Passage is one such dispute between
the United States and Canada. The United States along with most maritime nations
acknowledges that Canada owns the Northwest Passage; however, the dispute is
over whether the Northwest Passage is Canadian internal waters or an interna-
tional strait. Classifying the Northwest Passage as an international strait allows for
the free passage without Canadian consent for all international maritime vessels.
Canada claims that the Northwest Passage is part of their internal waters and not
international waters as specified under UNCLOS. Thus, the Canadians claim the
Northwest Passage is under their sole jurisdiction, and they have the right to enforce
their own navigable and shipping laws regarding fishing, vessel safety, and illegal
transportation of goods or persons. Another concern of wanting to maintain the
Northwest Passage as an international strait is that Canadian environmental regula-
tions over internal waters are stricter than the UNCLOS. The Canadian government
does not claim to have the right to close the passage, just to have jurisdictional
authority over enforcement and regulation.

Hans Island Dispute

The Hans Island (80° 49'N 66° 27'W) dispute is between Canada and Denmark
over the ownership of a small area in the Nares Strait, which includes Hans Island.
At dispute are claims to the fishing areas, management, and jurisdiction over the
Northwest Passage. Hans Island is a barren uninhabited knoll measuring 0.5 square
mile (1.3 sq. km) in area and is 0.8 mile (1,290 m) long by 0.75 mile (1,200 m)
wide. Hans Island is positioned in the center of the Kennedy Channel of the Nares
Strait (sometimes called “Robson Channel”). The Nares Strait connects Baffin Bay
to the Lincoln Sea and separates Ellesmere Island, Nunavut, Canada, and northern
Greenland (owned by Denmark). Hans Island is roughly in between the territory of
Canada and Greenland (Denmark). The island was named for Native Greenlander
and Arctic explorer Hans Hendrik (1834-1889).

Beaufort Sea Dispute

The Beaufort Sea dispute is a disagreement over the maritime boundary between
the United States and Canada. The dispute centers on the exact location of the
Beaufort Sea international boundary between Alaska and the Yukon. The Cana-
dians claim the boundary should run along 141st meridian west. The basis for the
Canadian government’s claim is the Treaty of Saint Petersburg of 1825. This treaty
was signed by the Russian Empire and the United Kingdom. Canada, being the
successor to the United Kingdom, argues that the Treaty of Saint Petersburg estab-
lishes their claim to the Beaufort Sea. The United States rejects the 141st meridian
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west boundary line. The United States maintains that the boundary runs straight out
conforming to an equidistance line from the Alaska coast. The difference between
the two countries’ assumed boundaries resembles a wedge and is an area just under
8,300 square miles (21,000 sq. km).

Andrew J. Hund

See also: Antarctic Territorial Claims; Arctic Territorial Claims and Disputes; Beaufort Sea
Dispute; Continental Shelf Claims in the Arctic
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Arctic Wolf

The Arctic wolf (Canis lupus arctos) is a subspecies of the gray wolf and lives north
of 70° latitude, inhabiting the Canadian High Arctic, Alaska, Greenland, Iceland,
and Northern Europe. The Arctic wolf is called the “white wolf” or “polar wolf.”
Arctic wolves are versatile animals that have adapted to year-round subzero tem-
peratures and five months of total darkness. Their harsh and remote habitat has
protected them.

Description and Adaptations

Some wolf species have a little white coloring, but the Arctic wolf is the only one that
is almost completely white. The Arctic wolves are generally smaller than gray wolves,
but have bulkier bodies and are the only subspecies of wolf that is not threatened as a
result of human contact and still inhabits their original range. Arctic wolves can range
in size from 3 to 5 ft. in length from head to tail, 25 to 31 in. (63—79 cm) at the shoulder,
and weigh between 100 and 175 pounds (45-80 kg). Males are bigger and heavier than
females. Arctic wolves have 42 very sharp teeth and powerful jaws.

The Arctic wolves are adapted to bitterly cold environment of the Arctic having
a compact body to retain heat, smaller ears, and a shorter muzzle than other mem-
bers of the canid family. These features reduce the surface area that releases body
heat. While sleeping, Arctic wolves curl up and cover their muzzles with their tails
to avoid frostbite on their noses or mouths. Arctic wolves have two thick layers of
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fur. The thinner undercoat forms a waterproof barrier for the skin, and a heavier
outer layer of fur gets even thicker as winter approaches. Both help insulate the
animal and keep their body temperature steady despite the bitter cold. Unique pad-
ded paws give them a firm grip on the permanently frozen ground. Game is lim-
ited and widespread in the High Arctic. As a result, the Arctic wolf has evolved to
survive on fat stores in their bodies when prey is scarce. The low density of prey
also results in a wolf’s territory ranging up to 1,000 square miles (2,600 sq. km).

Diet

Arctic wolves travel in packs that range from 2 to 20. Like any other wolf species,
they hunt in groups to bring down large animals such as caribou or musk oxen
when available, but frequently hunt small mammals alone, such as Arctic hares,
lemmings, seals, and various rodents. When a hunt is successful, a large animal will
keep the pack in the severe cold and feed for several days. Pack members take turns
feeding and protecting the carcass from other animals. They also remove chunks
of flesh and sneak off to cache them, in case future hunts are less successful. They
waste no part of the kill and even consume the bones and fur. Arctic wolves can
eat up to 20 pounds (9 kg) of meat at a time.

Reproduction

Each pack is led by an alpha male and female who are mates. The pair are the only
ones to breed. Breeding season begins in March, and the female delivers the pups
after about 63 days of gestation. The average litter size is two or three pups, which
is about half the size of gray wolf litters.

When a female is pregnant, she seeks a secure place to give birth. In the Arctic, it
is impossible for wolves to dig a den as other species do, because the ground never
thaws. Arctic wolves use caves or crevices in rock outcrops for shelter. If none are
available, a sheltered depression in the ground is used. The mother stays with her
pups for the first three weeks to protect and care for them. Wolf pups weigh less
than a pound at birth and are blind and deaf. They are completely dependent on their
mother for food and warmth. The alpha wolf brings food to the female during this
time, and the rest of the pack helps protect the den. When the pups are about five
weeks old, they are weaned and are fed with regurgitated meat provided by all the
adults in the pack. They become independent hunters when they are one year old.

Young males reach sexual maturity at two and may decide to leave the pack and
become a lone wolf in search of a mate and territory of his own. Once unclaimed land
is found, the wolf marks the boundary with his scent and starts the cycle of life again.

Jill M. Church

See also: Arctic Fox; Arctic Ground Squirrel; Arctic Hare; Arctic Seabirds; Caribou; Dogs
in the Arctic; Lemmings; Musk Oxen; Polar Bear; Wolverine
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Arctic Woolly Bear Caterpillar/Moth

The Arctic Woolly Bear caterpillar (of the moth species Gynaephora groenlandica)
is the larval form of the Arctic Woolly Bear moth. These moths are found above the
Arctic Circle in Canada and Greenland. The life cycle of all butterflies and moths
is in four stages, which are the egg, larva, pupa, and adult. Due to the Arctic grow-
ing season and temperatures, the Arctic Woolly Bear moth’s life cycle is extended.
The majority of this moth’s life cycle is in the larva or caterpillar stage as a means
to adapt to the Arctic climate.

The Arctic Woolly Bear caterpillar spends around 90 percent of its life frozen.
The other 10 percent is divided among feeding on the tundra (5%) and summer
hibernation (5%). The Arctic Woolly Bear moths in the caterpillar stage have an
extended life span lasting at least 7 years to as long as 14 years before developing
into the pupa stage. Butterflies and moths feed during the larva or caterpillar stage,
and once they have eaten enough food, they become a pupa and entomb themselves
in a silk cocoon. After a certain amount of time, the butterfly or moth emerges from
the cocoon as an adult.

The summer feeding time is limited in the Arctic; thus, the Arctic Woolly Bear
caterpillars’ feeding window is limited. The caterpillar feeds in June. This feeding
time corresponds to the nutritional peak of its primary food source, the Arctic wil-
low. The caterpillar does not feed the entire time it is active; instead it spends time
basking in the sun (thermoregulating) in between feedings.

Since the Arctic Woolly Bear caterpillar cannot eat enough food to advance to
the pupa stage during a single summer, it has to feed over multiple summers (up to
14 summers). If the caterpillar has not eaten enough food to advance to the pupa
stage, it seeks refuge, spins hibernacula, and overwinters. The hibernacula offer the
Arctic Woolly Bear caterpillar protection (by avoidance) from its two main preda-
tors (parasitoids), the ichneumonid wasp and the tachinid fly.

Inside the hibernacula, the caterpillar is inactive until it freezes at around 15.8°F
(—9°C) in late summer. During this period, the caterpillar undergoes a mitochondrial
degradation (cellular breakdown) resulting in an abnormally low metabolic rate
(hypometabolism) and an increase in the production of cryoprotective compounds



Arktisk Station |

(mainly glycerol). The cryoprotective compounds or antifreeze enables the cater-
pillar to tolerate temperatures as low as —94°F (—70°C) during the winter.

In the spring, the mitochondria are rapidly resynthesized, and the caterpillar
emerges from the hibernacula and returns to feeding in an attempt to eat enough
food to advance to the pupa stage. Once the caterpillar has acquired enough food,
it becomes a pupa, spins a cocoon, then emerges as an Arctic Woolly Bear moth
after a certain period of time. After emerging from cocoon, the moth lives only a
few days. The male Arctic Woolly Bear moth dies after mating, and the female
moth dies after laying her eggs. Neither the male or female Arctic Woolly Bear
moth feeds during their short life.

Andrew J. Hund

See also: Canadian Arctic Archipelago; Greenland
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Arktisk Station

Arktisk Station (65° 15'N 53° 31'W) is located east of the town Qeqertarsuaq/
Godhavn (69° 14'N 53° 32'W) on the Disko Island, West Greenland. The sta-
tion was established in 1906 by the Danish botanist Morten Porsild (1872—-1956).
He collaborated with the famous polar researcher Knud Rasmussen (1879—-1933),
when helped to fund the establishment a permanent research station. The location
of the station was probably determined by the nearby location of warm wells that
provided favorable living condition for plants and insects.

The station consists of a main building, the old station building that was com-
pletely restored in 1980. There are kitchen facilities and accommodation for up to
26 persons. West of the main building is a house for the station manager and a new
building from 1966 housing a 6,000-volume library and a laboratory for research.
It is equipped with a car garage and a shed at the harbor used for boats and other
equipment. There is a research vessel called Porsild that was acquired in 1994. The
vessel is 50 foot (15.1 m) long by 16 ft. (5 m) wide. The Porsild has a 362 HP Sca-
nia diesel engine. There is room for 12 passengers, and the ship is well-equipped
for oceanographic and biological investigations.
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The Disko Island consists mainly of Paleogene volcanic rocks, which lay on top of
Paleocene sediments resting on Cretaceous sediments. The Paleocene and Cretaceous
sediments are mainly located on the eastern side of the island. Several glaciers are
located in the central part of the island at altitudes above 3,000 ft. (1,000 m) above
sea level. One glacier has recently surged, in the Kuannersuit Valley, and the glacier
has advanced more than 6 miles (10 km) since 1995. Disko is located on the border
between Low and High Arctic climate and has rich vegetation.

The Arktisk Station has its own weather station that provides data for research
purposes. Average summer and winter temperatures are 45°F (7.1°C [1991-2004])
and 3.2°F (—16.0°C), respectively. Average annual precipitation is around 23 in.
(58.5 cm), of which 42 percent is snow. Because of a relatively warm ocean cur-
rent, the Disko Island ice cover often lasts only from February until May. Whales
may be observed from the station.

Porsild remained the manager of the station until 1946 and carried out mainly
botanical research. Because of the war (1940-1945), visits from foreign scientists
dwindled, and the research activity was limited. In 1946, a new botanist, Paul
Gelting, took over the station. Gelting focused on marine mammals’ investiga-
tion as requested by the Greenland administration. In 1954, the station was af-
filiated to the University of Copenhagen from where scientific station managers
were recruited. In 1976, a physical geographer Niels Nielsen became the station
manager, and the research scope was widened to include geology, landscape evo-
lution, and climate.

The station arranges field courses regularly for botanists, zoologists, geogra-
phers, and geologists. The station hosts scientists from all over the world who carry
out research both on the Disko Island and in the surrounding waters. The station
celebrated its 100-year anniversary in 2006, and a book describing the station, its
history, and research was edited by a group of researchers related to the work at
the station: Arktisk Station 1906—2006, Copenhagen University, publisher Rhodos.

Bent Hasholt

See also: Drifting Research Stations in the Arctic Ocean; Greenland, U.S. Bases in; Nuuk
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Arktisk Station |http://arktiskstation.ku.dk/english/] Accessed January 8, 2014.

Association of Polar Early Career Scientists (APECS)

The Association of Polar Early Career Scientists (APECS) is an international and
interdisciplinary organization for undergraduate and graduate students, postdoc-
toral researchers, early faculty members, educators, and others with interests in the
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polar regions and the wider cryosphere. APECS was founded in 2006 as an early-
career-scientist-driven initiative of the International Polar Year (IPY) 2007-2008,
which was a large collaborative, interdisciplinary, and international effort in study-
ing the polar regions.

One of the features of the IPY was the unprecedented participation of young and
enthusiastic polar researchers. As of May 1, 2013, APECS comprises more than
4,000 members hailing from 76 countries worldwide, corresponding to every major
and minor polar research division and discipline; the APECS membership repre-
sents the remarkable success of the IPY and the diversity that is shaping the future
of polar research. APECS works closely with many international organizations and
leading polar researchers, educators, and funding agencies to provide a continuum
of knowledge in polar research for generations to come.

The main goals of APECS include facilitating international and interdisciplin-
ary networking to develop new research directions and collaborations; providing
opportunities for professional career development; and promoting education, out-
reach, and science communication as an integral component of polar research.

APECS largely focuses on secondary education and training by complement-
ing traditional educational programs. APECS works closely with its partners to
organize in-person career development workshops and discussion panels at major
international polar conferences and symposia. Furthermore, the most successful
online APECS initiatives and resources in recent years include Career Develop-
ment Webinars, Virtual Poster Session, International Polar Weeks, Celebration of
Antarctica Day, and several databases such as the very popular APECS jobs list-
ings, mentor listings, polar funding resources, and graduate programs. In addition
to numerous resources, APECS provides a platform for students, researchers, edu-
cators, and others interested in polar regions to implement their various projects
and initiatives. APECS members publish regularly in peer reviewed and popular
journals, as well as prepare reports, book chapters, and assessments on education,
outreach, polar science communication, skills enhancement, and professional ca-
reer development.

Organizationally, the APECS leadership consists of a council, an executive
committee, and a director. The council is made up of 15-20 members accepted for
participation through an open application process. The five-person executive com-
mittee is annually elected by the council. The executive committee works closely
with the director, who is the only full-time paid employee within the organiza-
tion (as of May 1, 2013). APECS’s International Directorate office is located in
Tromsg, Norway, and is supported by the Norwegian Polar Institute, the University
of Tromsg, and the Research Council of Norway.

Alexey K. Pavlov and Allen Pope

See also: Arctic Circle
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APECS Website| http:/apecs.iJ. Accessed January 8, 2014.

Also access the APECS presence on social media on Facebook |(http:/facebook.com/
) and Twitter (@Polar_Research).

Atomic Detonations and Weapons in the Arctic

A number of atomic weapons have been detonated above and below ground in the
Arctic. At Novaya Zemlya, Russia, 130 nuclear tests were conducted from 1955
to 1990. Starting in 1957 and lasting until 1962, the Soviet Union conducted 85
atmospheric nuclear tests over the Novaya Zemlya Archipelago (74° N 56° E).
Fifteen of these atmospheric tests occurred over 35 days (September 20 to October
25, 1958). On October 30, 1961, the world’s largest atmospheric thermonuclear
weapon detonation took place on the Novaya Zemlya Sukhoy Nos test site (Zone
C). This nuclear detonation was called Tsar Bomba. Tsar Bomba was initially
designed with a nuclear weapon yield of 100 megatons of TNT, but was reduced
to 50 megatons over concerns about nuclear fallout and destroying the delivery
aircraft.

In 1963, after signing the Partial Test Ban Treaty, the Soviet Union’s atmospheric
tests were officially suspended. The first underground test at Novaya Zemlya oc-
curred on September 15, 1964. From 1964 until 1990, there were 32 underground
nuclear tests involving 128 separate nuclear explosive devices at the Novaya Zem-
lya sites. On September 12, 1973, the largest underground test occurred at Novaya
Zemlya occurred. This test used four nuclear devices with a nuclear weapon yield
of 4.2 megatons of TNT resulting in an earthquake that measured 6.97 on the
Richter scale and setting off an 80-million ton rockslide/avalanche. This rock-
slide/avalanche blocked two glacial streams, resulting in the creation of a 2-km
(1.2-mile) lake. The testing of underground nuclear devices peaked in the 1970s
at Novaya Zemlya, which was prior to the Threshold Test Ban Treaty of 1976.
The Threshold Test Ban Treaty of 1976 prohibited underground tests of more
than 150 kilotons.

In the early 1960s, under the direction of the U.S. Atomic Energy Commission,
a nuclear testing facility was created on Amchitka Island in the western Aleutian
Islands of Alaska. These facilities were used for three below ground atomic de-
vices. The first detonation occurred on October 29, 1965. It had a nuclear weapon
yield 0.08 megaton of TNT named “Long Shot.” The next occurred on October 2,
1969, and had a nuclear weapon yield 1 megaton of TNT and was called “Milrow.”
On November 6, 1971, “Cannikin,” an underground atomic device with a nuclear
weapon yield 5 megaton of TNT, was detonated. Cannikin was the largest in U.S.
history.
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PROJECT CHARIOT

As international plans were being discussed for limiting or eliminating nuclear
detonations in the atmosphere, the U.S. Atomic Energy Commission (AEC)
was interested in finding peaceful uses for nuclear devices. The research proj-
ect for the peaceful use of nuclear devices was called “Operation Plowshare.” A
subproject of this research was called “Project Chariot.” Project Chariot was the
name for a proposed experiment to use nuclear devices as a means to construct
an artificial harbor at Cape Thompson, Alaska (or Eebrulikgorruk as named by
the Inupiat). Cape Thompson (68° 8'N 165° 58"W) is located about 30 miles
(48 km) south of Point Hope, Alaska, and about 40 miles (64 km) north of Kiva-
lina, Alaska. The local Inupiat population used Cape Thompson for subsistence
activities. The project was conceived by Edward Teller commonly referred to
as “the father of the hydrogen bomb.” Teller’s project proposed burying a string
of nuclear devices and detonating them to create a deepwater harbor. Dr. Teller
traveled the state of Alaska promoting Project Chariot and garnered significant
support from the Alaska political, church, and university leaders. The project
was also supported by Alaskan newspaper editors. The small group of Alaskan
distracters requested scientific studies to support the claims made by the proj-
ect advocates. The project never took place due to serious concerns by the local
Alaskan Native population, the usability of the harbor due to its remote loca-
tion, and the cost of the project. In 1962, the AEC suspended Project Chariot
and halted all the related environmental studies.

Andrew J. Hund

Since the mid-1950s, nuclear weapons have been placed in the Arctic, acciden-
tally or purposefully. In 1968, a U.S. B52 bomber carrying four nuclear weapons
crashed near Thule Airbase in Greenland, releasing approximately one pound of
plutonium into the atmosphere. The U.S. military also housed nuclear surface-to-
air and other tactical warheads at Thule Airbase, which was in violation to the
Greenland Danish agreement prohibiting nuclear weapons on the island. In 1977,
the Soviet submarine K-171 accidentally launched a nuclear warhead overboard
in the Pacific Ocean near the Kamchatka Peninsula. The lost nuclear warhead was
later recovered.

Andrew J. Hund

See also: Human Impacts and the Antarctic Wilderness; Novaya Zemlya, Nuclear Tests;
Novaya Zemlya, Nuclear Tests, Environmental Legacy of; Nuclear Power in the Arctic;
Nuclear Waste in the Arctic; Radioactivity; Radioactivity in the Arctic; Sunken Soviet/
Russian Nuclear Submarines in Arctic
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Aurora Australis

The southern lights or aurora australis are a colorful display of energy emissions
observed in the southernmost night sky. The southern lights have similar features
to the northern lights (a.k.a. aurora borealis) and change simultaneously with
changes that occur in the northern lights. Auroras help us understand that every-
thing is connected and more specifically demonstrate the spectacular fact that our
planet earth is electrically and magnetically connected to the sun. The dance of the
southern lights is made possible by electrons in solar winds that have the capac-
ity to transfer their own energy as they interact with electrons in elements in the
upper atmosphere. The energy exchange between particles occurs at very high
altitudes between 20 and 200 miles (32-320 km) above the earth’s surface. When
high-energy electrons collide with elements in the upper atmosphere, they excite
the electrons in the matter that they collide with. After some time, these excited
electrons release the excess energy absorbed as photons of visible light. When the
electrons release these photons, they are able to return to their ground state. When
we observe the southern lights, we are seeing the release of excess energy in a lyri-
cal cascade or spirit dance across the southernmost night sky. The southern lights
are equally beautiful and intriguing as the northern lights.

Particular colors observed during a southern light display depend on which kinds
of elements are struck by the high-energy electrons within the solar winds. Of
course, the energy of the electrons in the solar winds is equally important to the
process. The different colors observed in the southern light sky are the result of
electronic transitions of various energies that dominate particular altitudes. At the
highest altitudes, the element of oxygen has particular energies, thus energetic tran-
sitions characteristic of the frequencies associated with the color red, for example,
may be observed. By contrast, at a lower altitude, the element of oxygen may have
different energies that dominate, and thus different electronic transitions would be
possible, perhaps characteristic of the frequencies and energies associated with the
emission of green light. The amount of energy released is directly responsible for
the color observed. The southern lights dance with colors that move along with
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SOLARWINDS

The sun generates high-energy solar winds, which stream away at speeds of
approximately 1 million mph. The solar winds are made up of high-energy
particles that interact with earth’s magnetosphere, which has its own electri-
cal and magnetic properties. Recently, it was discovered through computer
simulations that solar winds have the capacity to further impact earth’s mag-
netosphere by extending its magnetotail up to 1,000 times more in volume
than originally thought. When solar winds come in contact with the earth’s
magnetic field, they have the effect of stretching the magnetic field lines in
such a way to promote reconnection of the field. Moreover, new scientific evi-
dence supports the idea that the source responsible for both the southern and
northern lights is reconnection of earth’s magnetic field through interaction
between electrons in solar winds and the earth’s magnetosphere. Importantly,
electrons from the solar wind come in contact with the earth’s magnetosphere,
and they follow the lines of magnetic force (due to their own charge) and move
through the magnetosphere where they are then accelerated. When the accel-
erated electrons come in contact with elements in the upper atmosphere (e.g.,
diatomic oxygen [O,] and diatomic nitrogen [N, ]), they transfer energy to the
electrons they meet. Auroras occur largely at the higher latitudes because that
is where earth’s magnetic field directs the charged particles toward the earth’s
North and South Poles. The underlying scientific nature of both the southern
and northern lights is the idea of energy transfer through connection.

Karen Knaus

atmospheric currents. Southern lights generally center on the magnetic pole that
corresponds with the Antarctic Circle. Furthermore, the southern lights are an ex-
citing natural phenomenon that can simply be explained as the interaction of elec-
trons in one form of matter upon electrons in another form of matter, where energy
exchange is made possible. The energy exchange concludes with a finale where
excess energy is released in the form of cascading packets of colorful light in the
southernmost sky. The southern lights are a gift from nature and science, which
demonstrates that energy can neither be created nor destroyed, but rather energy
can be transformed through interaction and/or connection events in the universe.
The northern and southern light displays are equally beautiful and intriguing. As
solar winds increase, the number of opportunities to view both the southern and
northern lights increases.

Karen Knaus

See also: Aurora Borealis; Auroral Substorm; Ionosphere, Polar
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Aurora Borealis

The northern lights (a.k.a. “aurora borealis™) are a colorful display of energy emis-
sions that can be seen in the northernmost night sky. It was believed for some time
that the sun was responsible for the northern lights. The dance of the northern
lights is made possible by electrons in the solar winds that have the capacity to
transfer their own energy to electrons in elements in the upper atmosphere that
they come in contact. The energy exchange between particles occurs at very high
altitudes ranging between 20 and 200 miles (32-320 km) above earth’s surface.
When high-energy electrons collide with elements in the upper atmosphere (that
contain their own electrons), they excite the electrons in the matter that they col-
lide with. After some time, these temporarily excited electrons release the excess
energy absorbed as a result of the collision in packets of energy known as photons.
Photons of visible light are released when electrons release this excess energy and
naturally fall back down to their ground energy state. The transfer of energy from
one form to another is natural. Electrons have the ability to further absorb and emit
electromagnetic radiation (energy) in various forms including visible light, which
is what is observed during the display of the northern lights. Without their interac-
tion with other particles and/or energy sources, electrons would not be able to take
and give their own energy, and we would not be able to see the colorful displays
characteristic of the northern lights.

Particular colors observed during a northern light display depend on which kinds
of elements are struck by the high-energy electrons from solar winds. Of course, the
energy of the electrons in solar winds is equally important in the process. The differ-
ent colors observed in the northern light sky are the result of electronic transitions of
various energies that dominate particular altitudes. At the highest altitudes, the ele-
ment of oxygen has particular energies, thus energetic transitions characteristic of the
frequencies associated with the color red, for example, may be observed. By contrast,
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at a lower altitude, the element of oxygen may have different energies that dominate,
and thus different electronic transitions would be possible, perhaps characteristic of
the frequencies and energies associated with the emission of green light. The amount
of energy released is directly responsible for the color observed. The northern lights
dance with colors that move along with atmospheric currents. Northern lights gener-
ally center on the magnetic pole that corresponds with the Arctic Circle. Furthermore,
the northern lights are an interesting phenomenon that can simply be explained as the
interaction of one form of matter upon another, which leads to an energy exchange.
The energy exchange concludes with a final release of energy in the form of a color-
ful light display in the northernmost night sky. In a way, we can say that the northern
lights are a gift from nature, which demonstrates that energy can neither be created
nor destroyed, but rather transferred through interaction events in the universe. As
the solar winds increase, opportunities to see the northern lights increase. The north-
ern lights allow us to see energy being released in the form of visible light of various
energies, and the displays are equally beautiful and intriguing.

Karen Knaus

See also: Aurora Australis; Auroral Substorm; Ionosphere, Polar
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Auroral Substorm

Aurora shows itself in many different forms and shapes. Sometimes there is just
a static broad arc that is just barely bright enough to be seen in the dark sky, and
sometimes the whole sky lights up with colorful and dynamic displays. All auro-
ras are caused by charged particles (electrons and protons) that are impacting the
upper atmosphere. The visible aurora is caused by energetic electrons. The differ-
ence between the different types, shapes, and colors arises from the energy that the
electrons have and the way these electrons get their energy in the first place.

The most spectacular aurora is called an “auroral substorm.” The auroral events
during a substorm follow a pattern that implies that these individual auroral shapes
and movements are a part of a larger event. This is how a substorm looks to an ob-
server on the ground in a perfect position near midnight and at a latitude just south
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of the Arctic Circle: first a quiet diffuse-looking faint green arc in the north starts
moving south. It may take 30 minutes or an hour for the arc to steadily move, until
it is overhead. This is called the “expansion phase.” Then, suddenly, things begin
to happen very fast. The arc gets thinner and develops a few ripples. New, very thin
arcs appear right next to it, and the aurora gets very bright. The arcs bend them-
selves into a large spiral form until the entire sky is filled with bright aurora. This
sudden brightening moves westward like a wedge along the quiet green arc. Small
rays dance along the arcs, and the bottom edge of the arcs turns pink and purple.
This sudden explosion of aurora all over the sky may take only a few seconds. This
is called the “breakup.”

The aurora may stay bright and dynamic with changing colors for several min-
utes, or even tens of minutes. Then, it slowly starts moving north again, staying

AURORA SOUND

People have long reported that they can sometimes hear the aurora. This is a
phenomenon that does not yet have a satisfying explanation. The aurora hap-
pens at an altitude of about 100 km (60 miles), and sound from that distance
would take more than five minutes to travel to the ground. The air at auro-
ral altitude is very thin, and that affects the sound as well: any sound waves
from there would diminish in amplitude as they travel into denser air below.
It is thus not possible that the sound that people report hearing synchronous
with the aurora actually comes from the aurora. Possible explanations that
have been put forward include radio waves that are generated by the aurora
and that are somehow turned into sound near the ground where they would
then be heard at the same time as aurora brightens. Such radio waves are in-
deed observed, using sensitive radio receivers. However, no known mecha-
nism could transform these radio waves into sound without long antennas
and sophisticated electronics. It was postulated in the 1950s that the human
brain might be able to detect radio directly, like migrating birds can sense the
magnetic field and use it as a compass. There were even experiments con-
ducted where people were exposed to artificial high-amplitude radio waves.
But this suspected extrasensory ability was never detected or found. One pos-
sible explanation is synesthesia, where a cross-feed in the brain causes nerve
impulses from the eyes to be perceived as sound. A mild form of synesthesia
is more widespread than most people assume and might well be the best ex-
planation of auroral sound.

Dirk Lummerzheim
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active with curls and spirals, but also slowly diminishing in brightness as the south-
ern edge of the auroral region moves north. There are usually pulsating patches of
aurora developing that can linger for hours as everything becomes quiet again. This
is called the “recovery phase.” If the observers were not at this perfect position, but
further west, they would see a big aurora moving in from the east; if the observers
were too far east, they would see a gradual brightening of the sky north of a quiet
arc and pulsating patches in the entire sky.

It was only in the 1950s that Syun Akasofu and Sidney Chapman at the University
of Alaska recognized that this pattern is a global event, and observers at different
time zones are just seeing different aspects of the same thing. Akasofu had set up
all-sky cameras throughout Alaska, Canada, and Scandinavia, and thus got a global
view of the aurora. At the time, magnetometer observations had already identified
what a magnetic storm is, and there was some understanding that magnetic storms
also caused bright aurora. It was thus that the name “substorm” came about. Today,
we understand that a substorm starts in the earth’s magnetosphere after the magnetic
field in the solar wind turns southward. This makes the connection between the solar
wind and the earth’s magnetic field much stronger, and the solar wind starts trans-
ferring a lot of energy into the magnetosphere. It distorts the entire magnetosphere,
dragging much of it to the side that is opposite of the sun and stretching it into space.
That relates to the expansion phase of the substorm. Eventually, this process has
to stop and reverse, and this happens in a sudden release. At this sudden release of
energy, strong electrical currents start flowing in the magnetosphere toward earth,
and a large number of electrons are accelerated into the upper atmosphere, causing
the breakup. Usually, this happens on the side away from the sun, that is, near mid-
night. And then, everything slowly returns to a normal position, which is the recov-
ery phase of the substorm. When conditions are right, the whole process can repeat
several times during a day, and we can have multiple substorms in a night.

Dirk Lummerzheim

See also: Aurora Australis; Aurora Borealis; Ionosphere, Polar

Further Reading

Akasofu, S. -I. “The Development of the Auroral Substorm.” Planetary and Space Sci-
ence 12 (1964): 273-82.

Sarris, T., and X. Li. “Evolution of the Dispersion Less Injection Boundary Associated
with Substorms.” Annales Geophysicae 23 (2005): 877-84.

121

Australasian Antarctic Expedition (1911-1914)

The main goal of the Australasian Antarctic Expedition (1911-1914) was to explore
approximately 2,000 miles (3,200 km) of Antarctica coastline south of Australia.
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The geologist Douglas Mawson (1882-1958) was charged with the leading of the
expedition, which was mainly financed by the Australasian Association for the
Advancement of Sciences and up to a minor degree by subscriptions and dona-
tions. In contrast to other expeditions of the heroic age of Antarctic exploration that
were predominantly staffed by Europeans, the Australasian Antarctic Expedition
drew the majority of the expedition participants from Australian and New Zealand
universities.

After arriving in Antarctica in December 1911, the expedition established a base
at Cape Denison in Commonwealth Bay and two auxiliary camps. The expedition
ship Aurora, a former auxiliary steamer of the Newfoundland sealing trade, began
immediately with the exploration of the coast, while the main part of the expedition
under Mawson’s command completed the bases and prepared for sledge expedi-
tions to be conducted beginning in the second half of 1912. Routine meteorological
observations as well as other scientific observations began immediately after the
construction of the bases, as the main goal of the expedition was a comprehensive
exploration of the territory and not reaching a new furthest south. The meteorologi-
cal observations proved that Cap Denison was up to a certain degree an ill-suited
place for a base camp due to the extreme strong winds with more or less permanent
katabatic winds.

Five major sledge expeditions were carried out in 1912 of which the last one,
designed to explore King George V Land, became a catastrophe. After the initial
good progress, one of the expedition members fell into a snow-covered crevasse,
pulling much equipment, provisions, and a number of dogs into the crevasse. The
survivors of the incident, Mawson and Xavier Mertz, decided to abandon any plans
of further exploration immediately and began their home journey to Cape Denison
with only insufficient supplies left to them. Consequently, they needed to use the
sledging dogs as assets of last resort, thus limiting their means of transportation
even further. After Mertz died, probably of hypervitaminosis A, caused by eating
the dog livers, Mawson was the sole survivor of the sledging team and needed to
resort to man-hauling. Despite all obstacles, he finally reached safety, still carrying
on his sledge a substantial amount of geological specimen.

Any attempt of picking up the surviving expedition members by the Aurora
failed in February 1913, and Mawson with six men needed to prepare for another
unintended overwintering, before they were finally picked up during the Antarctic
season 1913-1914.

In addition to substantial scientific records that have been published only nearly
a decade after the conclusion of the Australasian Antarctic Expedition, it needs
to be mentioned that the expedition made extensive use of wireless communica-
tion, eventually including the first wireless communication between Antarctica
and another continent, and that the records of the expedition include a substantial
amount of high-quality professional photographs as Mawson had decided taking
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the professional photographer Frank Hurley onboard of the expedition instead of
familiarizing himself and other expedition members with photography.
Ingo Heidbrink

See also: Heroic Age of Antarctic Exploration (ca. 1890s—1920s)
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Baffin Bay

Baffin Bay (73° N 67° W) is a marginal sea of the North Atlantic Ocean measuring
900 miles (1,450 km) long by a range of 70—400 miles (110-650 km) wide. Borders
of Baffin Bay are the west coast of Greenland (east), a line running along 70° N
from Greenland to Baffin Island (south), the east coast of Baffin, Bylot, and Devon
Islands (west), and northern Ellesmere Island across to Cape Bryant of Northern
Greenland (northern limit). The total surface area of Baffin Bay is 266,000 square
miles (689,000 sq. km). The average depth is 2,825 ft. (860 m).

Baffin Bay has been inhabited for thousands of years, starting with the Dorset
(500 BC-AD 1200) being the first people to the region, then the Thule, and then the Inuit.
The first European to visit the bay was John Davis (1550-1605) in 1585, with Muscovy
Company employee William Baffin and Robert Bylot delineating the bay over five
trips from 1612 to 1616. John Ross (1777-1856) visited the area in 1818. Presently,
there are several Inuit villages along the Baffin Bay coasts, such as Arctic Bay (73°
2'N 85° 9'W), Pond Inlet (72° 41'N 77° 57'W), and Clyde River (70° 28'N 68° 35'W).

Most of the year, Baffin Bay is ice covered and is hazardous to travel due to
icebergs. In the northern portion of the bay is a larger polynya measuring more
than 31,000 square miles (80,000 sq. km). This North Water Polynya makes the
Baffin Bay productive for the entire food chain, such as phytoplankton, copepods,
algae, fish, birds, and mammals. Two-thirds of the world population of little auks
and thick-billed murres breed on the shores of Baffin Bay. More than 80 percent of the
world’s narwhals are found in Baffin Bay and are year-round residents. Baffin
Bay is home to almost a dozen mammal species and more than 100 fish. Common
fish species in Baffin Bay include Arctic char, polar cod, Arctic flounder, halibut,
turbot, four-horned sculpins, capelin, and herring. Baffin Bay and Davis Strait are
home to large cold water reefs, sponges, clams, shrimp, and echinoderm species.

The Baffin Bay shores are mostly covered by ice, snow, and rocks and scantly
covered with low biotic diversity and simple vegetation. The vegetation that is
present consists of about 400 plant and tree species consisting of prostrate and
hemiprostrate dwarf shrubs, and mosses, low-growing forbs, sedges, shrubs,
rushes, and lichens. Vegetation grows better in the wetter areas than in drier areas.
In the wet areas, vegetation coverage can reach 60 percent. Typical mosses are tur-
gid aulacomnium, tomentypnum, juniper polytrichum, and splendid feather moss.
Lichen species include Cetrariella deliseii, chocolate chip, and whiteworm. Other
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Icebreaking tankers, the SS Manhattan (left) and the Canadian ship Louis S. St. Laurent,
crunch through the snow-covered ice of northern Baffin Bay, May 22, 1970. Arctic ice
coverage had receded to record lows raising the prospect of greater maritime traffic
through the long-sought waterway known as the Northwest Passage. (AP Photo)

vegetation includes tundra grass, Arctic and polar willows, mountain avens, various
berries, mushrooms, river beauty, purple saxifrage, Arctic poppies, and seaweed
from the ocean. All vegetation is vulnerable to frost at any time.

Birds present year-round are the gyrfalcon, snowy owl, common raven, and rock
and willow ptarmigan. Most of the birds found in the Baffin Coastal Tundra and Baffin
Bay/Davis Strait are migratory. Common migratory geese, swans, and ducks are the
snow, Ross, Brant, and Canadian geese; Tundra swan; king and common eider, surf
scooter, and long-tailed duck. There are several loons such as the red-throated, Pacific,
common, and yellow-billed loon as well as plovers (white-faced, American golden
plover, semipalmated). Birds of prey include the rough-legged hawk, Peregrine fal-
con, and short-eared owl. Other common migratory birds include the sandhill cranes,
Arctic terns, thick-billed murres, black guillemots, black-legged kittiwakes, horned
larks, wheatear thrush, savanna sparrows, Lapland longspurs, snow buntings, and red-
polls (common, Greenland, and Arctic). This ecoregion has no reptiles or amphibians.

Andrew J. Hund

See also: Arctic Camel; Arctic Salmon; Foxe Basin; Greenland; Inuit



Barents Euro-Arctic Council (BEAC) |

Further Reading

Greene, C.H., et al. “Arctic Climate Change and Its Impacts on the Ecology of the North
Atlantic.” Ecology 89, no. 11 (2008): S24-38.

Zweng, M.M., and A. Munchow. “Warming and Freshening of Baffin Bay, 1916-2003.”
Journal of Geophysical Research 111 (2006): 1-13.

127

Barents Euro-Arctic Council (BEAC)

The Barents Euro-Arctic Council (BEAC) was officially formed on January 11,
1993. The BEAC formation was initiated by the Norwegian minister of foreign
affairs, Thorvald Stoltenberg. The BEAC is made up of two bodies: the Barents
Euro-Arctic Council (an intergovernmental body) and the Barents Regional
Council (BRC; an interregional body). The official BEAC members are from
Denmark, Finland, Iceland, Norway, the Russia Federation, Sweden, and the
European Commission. The Ministries of Foreign Affairs from the respec-
tive countries are representatives to the BEAC. The BEAC chair is selected
from the group from the one of the four countries of Norway, Finland, Russia
Federation, and Sweden, on a two-year rotating schedule. At the XIII BEAC
Ministerial Session at Kiruna, Sweden, in October 2011, Norway took over
the BEAC Chairmanship. The prior BEAC chairmanship belonged to Sweden
from 2009 to 2011.

The focus of the BEAC is to be an intergovernmental and interregional body to
discuss, cooperate, and deliberate issues affecting the Barents region. The Barents
region is a regional and international cooperative formed after the fall of the Soviet
Union. It is primarily a social and political group with an overall objective of ad-
vancing and discussing the sustainable development of the region. A current proj-
ect of the BEAC is the planning and the development of the 930-mile (1,500-km)
Barents Road. The Barents Road is based on an ancient trade route that runs from
Bodg, Norway, across Sweden and Finland to Murmansk, Russia.

The countries included as regular BEAC members are those roughly border-
ing the Barents Sea. The Barents region is considered to stretch from Nordland
(66° 50'N 14° 40'E) in Northern Norway to the Kola Peninsula (67° 41'N 35° 56'E)
to Novaya Zemlya in the Russian Federation. The southern borders are considered
the Gulf of Bothnia (63° N 20° E) of the Baltic Sea between Sweden and Fin-
land, over to Ladoga Lake (61° N 31° 30'E) near St. Petersburg and Lake Onega
(61°41'N 35° 39'E). The Barents region has a population of around 6 million peo-
ple, of which around 75 percent live in the Russian Federation.

Included in the BEAC membership are three northern indigenous groups, which
are the Nenets and the Vepsians (or Veps) of the Russian Federation and the
Sami people of Norway, Sweden, Finland, and the Kola Peninsula of the Russian
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Federation. These northern indigenous groups form the Working Group of Indig-
enous Peoples (WGIP) and work in an advisory capacity for the BEAC and BRC
as well as participate in all the Barents Working Groups. The WGIP chair is a
member of both the Committee of Senior Officials (CSO) and the BRC. Since
2011, representatives from each indigenous group became participants in the CSO,
and the indigenous groups are represented at the BEAC Ministerial sessions. The
BEAC membership also includes observer states. The observer states are Canada,
France, Germany, Italy, Japan, the Netherlands, Poland, the United Kingdom, and
the United States.

The BRC is made up of 13 regional locations and a representative from the
three indigenous groups. The 13 regions, counties, or provinces represented are in
Finland (Kainuu, Lapland, and Oulu); Norway (Finnmark, Nordland, and Troms),
Russia (Arkhangelsk, Karelia, Komi, Murmansk, and Nenets), and Sweden (Nor-
rbotten and Visterbotten counties). In 2008, a county in Finland (North Karelia)
was approved for observer status. The four countries rotate chairmanship duties
of the cooperative every two years. In October 2013 Finland took over the BRC
chairmanship, which will expire in October 2015.

Besides the two main bodies, there are a number of committees and working
groups. Within the BEAC, the committee and working groups are Joint Commit-
tee on Rescue Cooperation, Working Group on Customs Cooperation, Working
Group on Economic Cooperation (WGEC), Working Group on Environment, and
the Steering Committee for the Barents Euro-Arctic Transport Area. A subgroup of the
WGEC is the Barents Forest Sector Task Force. Each of these BEAC committees
and working groups focus on and work on intergovernmental issues relating to their
respective title. The BRC working groups include the Regional Working Group on
Environment, the Regional Working Group on Investments and Economic Coop-
eration, and the Regional Working Group on Transport and Logistics. Each of these
BRC committees and working groups focuses on and work on interregional issues
relating to their respective title.

The BEAC and BRC have joint working groups, such as the Joint Working
Group on Culture, the Joint Working Group on Education and Research, the Joint
Working Group on Energy, the Joint Working Group on Health and Related So-
cial Issues (JWGHS), the Joint Working Group on Tourism, and the Joint Work-
ing Group on Youth. The JWGHS has three subgroups, which include the Steering
Committee on Children and Youth at Risk, the Barents Tuberculosis Programme,
and the Barents HIV/AIDS Programme. The BEAC and the BRC on occasion will
coordinate with other northern and Arctic groups, such as the Arctic Council, the
Council of Baltic Sea States, and the Nordic Council of Ministers.

Andrew J. Hund

See also: Arctic Council
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Barents Sea

The Barents Sea is a marginal sea of the Arctic Ocean and is located off the coast
of Norway and Russia between the Norwegian (west) and Kara (east) Seas. The
western sea border is the Svalbard (78° N 16° E). The eastern sea border is the Kara
Strait, Novaya Zemlya Archipelago (74° N 56° E), and Franz Josef Land (80° 34'N
54° 47'E). The Barents Sea was formerly known as the “Sea of Murmans” by the
Russians.

The Barents Sea’s northern border is Cape Kohlsaat (81° 14'N 65° 10'E) of
Graham Bell Island, on the eastern side of Franz Josef Land, Russia. The western
northern border is Cape Leigh Smith on North East Land of Archipelago of Sval-
bard, Norway. Russia and Norway have an ongoing border dispute over the Bar-
ents Sea. This is called the Barents Sea “loophole.” The main difference between
Russia and Norway was whether to determine the area based on the median line
(favored by Norway) or meridian (favored by Russia). In 2010, Russia and Norway
reached an agreement to divide a 67,000-square-mile (175,000-sq.-km) disputed
area and resolve fishery protection and management and ownership of oil reserves.
The Barents Sea is a significant fishery, and it is estimated to have 250 million re-
coverable barrels of oil.

Several rivers empty into the Barents Sea, such as the Indiga, Kola, Korotaikha,
Oma, Pechenga, Pesha, Soima, Tuloma, and Voron’ya Rivers. The total area of the
Barents Sea is about 542,473 square miles (1,405,000 sq. km). The average depth
is about 760 ft. (230 m) with a maximum depth of around 1,500 ft. (450 m). The
shallow Barents Sea has a highly productive seafloor. The Barents Sea supports
more than 40 different species, 20 million seabirds, and more than 1,500 nesting
colonies in the summer season. The most common species are the thick-billed
murre, black-legged kittiwake, and little auks. Other common seabirds are cormo-
rants and various gulls.

There is radioactive contamination in the Barents Sea. Nuclear waste has been
dumped on the western and eastern sides of Novaya Zemlya, from 1960 to 1991, in
the Barents Sea and Kara Sea, respectively. Low-level radioactive liquid waste has
also been dumped in the open Barents and Kara Seas. Scientific assessments by the
International Atomic Energy Agency claimed that the radioactive contamination
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per individual of the Kara and Barents Seas ranges from 1 to 20 microsieverts
annually.

There have also been nuclear accidents in the Barents Sea. For example, on Au-
gust 28, 2003, on a recovery mission, the pontoons supporting the submarine K-159
broke free resulting in its rolling and sinking down 781 ft. (238 m) to the Barents
Sea seafloor. Nine people perished in the incident. Another incident was that in-
volving K-278 sub in which its compressed air system enabled a fire to burn for
about five hours, until the sub sank 5,510 ft. (1680 m) to the seafloor of the Bar-
ents Sea. On August 12, 2000, the Russian Oscar II class submarine K-141 Kursk
sank in the Barents Sea.

Andrew J. Hund

See also: Arctic Basin; Arctic Ocean; Benthic Community; Continental Shelf Claims in the
Arctic; Kara Sea; United Nations Convention on the Law of the Sea (UNCLOS)
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Bartlett, Robert ‘“Bob’”’ Abram (1875-1946)

The evacuated crew watched from the ice, the strains of Chopin’s funeral march
streaming through the Arctic air as the ship slowly sank. Alone on the foundering
ship, Captain Bartlett removed this last record from the gramophone, threw it into
the stove, walked calmly to the lowering deck, and stepped off onto the ice. Such
cinematic moments were the stuff of Captain Robert Abram Bartlett’s long career
as a sealer, a skipper, an Arctic explorer, a speaker, and a writer. The 1914 sinking
of the Karluk and Bartlett’s subsequent 700-mile trek, with an Inuk hunter named
Kataktovik, across the Chukchi Sea ice fields to Siberia may have been his most dra-
matic accomplishment. Bartlett accompanied the controversial Admiral Robert Peary
on his trek to the North Pole, which Peary claimed to have reached. In this capacity,
Bartlett was the first captain to take a ship north of 88°. Bartlett’s enduring loyalty to
the dubious Peary was one of many marks of his own unfathomable character.
Bartlett was the eldest of the 10 children of Captain William Bartlett and his wife
Mary Jemima Leamon, who were among the aristocratic residents of Brigus, New-
foundland, an affluent fishing and sealing town. Born in the summer of 1875, Bob
spent many summers fishing with his father, a celebrated sealing skipper who held
the record catch for the Gulf of St. Lawrence. As a boy, Bob was a witness to the
1885 Labrador or Eskimo Coast Disaster in which 80 fishing ships were wrecked
and 75 people killed, many of them women and children from Newfoundland who



Bartlett, Robert “Bob” Abram |

went north annually as part of family fishing enterprises. Captain William Bartlett
rescued dozens of survivors, taking them back to the island in the Panther.

This would not be Bob’s only time facing down the cruelty of the sea. As a young
man, he was shipwrecked off Newfoundland and spent the Christmas season nurs-
ing his wounds, most of them psychological. With surprisingly gentle encourage-
ment from his normally stern father, to whom men would nervously doff their caps,
Bob returned to the sea in the spring on a sealing vessel—and never looked back.
He was ready for the Karluk episode when it came and for another crisis three years
later when he saved the survivors of Donald Baxter MacMillan’s Crocker Land Ex-
pedition, who had been trapped in ice for no less than four years.

Captain Bartlett had been rewarded with many honors over his life. For his suc-
cessful rescue of the Karluk men stranded on desolate Wrangel Island, Bartlett was
rewarded by the Royal Geographical Society. In 1909, the National Geographic
Society awarded him the Hubbard Medal for his achievements in exploration and
research. The next year, he was awarded an honorary fellowship from the American
Geographical Society. After his death, his childhood home, Hawthorne Cottage,
became a national historic site, a Canadian stamp was issued in his honor, and a
Canadian Coast Guard ship was named after him even though he was a U.S. citi-
zen. Even though he was born in Newfoundland, he became an American citizen
(Newfoundland joined Canada only in 1949, after Bartlett’s death).

Bartlett led numerous scientific expeditions to the Arctic, the place that gave him
true peace. These trips were sponsored by various museums, such as the Cleveland Mu-
seum of Natural History, for which he collected specimens such as polar bears, musk
ox, murres, and the tiny Arctic flowers he loved and gathered as a hobbyist. These voy-
ages were also funded by paying and working guests—young men from wealthy New
England and New York families who, in their words, sought manly pursuits for their
sons. Bartlett never married, and the love of his life seems to have been his mother.

Bartlett gave his papers to Bowdoin College, Maine, but did not keep copies of
most of the letters he wrote himself. His books were almost certainly ghostwrit-
ten. He kept no diary. He remains a hard man to read. But he did leave us with the
lasting image of Chopin and the sinking Karluk and, just as revealingly, in his tiny
black appointment book, he had pasted the verses of Omar Khayyam.

Maura Hanrahan

See also: Bering, Vitus Jonassen (1681-1741); Cook, James (1728—-1779); Cook, James,
Voyages of; Kotzebue, Otto von (1787-1846); Peary, Robert Edwin (1856—1920); Rasmus-
sen, Knud (1879-1933)
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Bearded Seal

Bearded seals (Erignathus barbatus) are the largest of the northern seals from
the family Phocidae. Bearded seals have a patchy circumpolar distribution, in
north Canada, Greenland, Barents Sea, Russian Arctic, Bering, and Okhotsk Seas.
Currently, two subspecies are recognized: the Pacific bearded seal (Erignathus
barbatus nauticus) inhabits the Bering and Okhotsk Seas and is also found near
Hokkaido, Japan, and the Atlantic bearded seal (Erignathus barbatus barbatus)
that inhabits the western Laptev Sea, Barents Sea, and North Atlantic Ocean, as far
south as the Gulf of St. Lawrence, Iceland, and Norway. However, the validity of
these subspecies has been questioned.

Bearded seals are large and heavy bodied with comparatively small head, small eyes,
and short, square-shaped front flippers with strong claws. They have conspicuous and
very abundant long pale whiskers, often forming a dense patch that gives the species
the common name. Adults can reach 6.5-8.2 ft. (2-2.5 m) and have pale or dark gray
to brown color, sometimes with irregular light-colored patches. The average weight is
about 550-660 pounds (250-300 kg) but varies a lot during the annual cycle. Females
are larger than males and can reach more than 930 pounds (425 kg) in the spring.

The bearded seal is an ice-obligate species that relies on sea ice as a platform for
resting, breeding, molting, and hauling out, and the availability of sea ice is its major
habitat determinant. They generally inhabit areas of shallow water of less than 650 ft.
(200 m) that are at least seasonally ice covered. They prefer drifting pack ice over

Bearded seal in Alaska's Bering Sea. (National Oceanic and Atmospheric Administration)
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shallow water shelves and generally prefer to stay near polynyas and other natural
openings in sea ice for breathing, hauling out, and access to prey.

Their movement patterns are highly dependent on the local ice conditions. In the
spring, large numbers of bearded seals move north as the seasonal sea ice retreats
and subsequently move south in the autumn/winter as sea ice forms. Bearded seals
feed predominantly on or near the bottom and dive to depths around 325 ft. (100 m),
although they are capable of deeper dives, up to 980 ft. (300 m), and one-year-old
seals have been recorded diving down to almost 1,650 ft. (500 m). They can stay
under the water up to 19 minutes, but usually the dive is shorter than 10 minutes.
They eat clams, shrimps, crabs, octopuses, fish, and other prey that can be found
in, on, or near sea bottom. The diet varies by age, location, season, and possibly
also changes in prey availability in marine communities.

Bearded seals usually occur at quite low densities and are typically solitary ani-
mals, except when breeding or molting. When sea ice is limited, they form small,
loose aggregations, for example, at the time of molting in midsummer. Bearded
seals live usually 20-25 years (maximum 31 years) and reach their final body size
at the age of 9—10 years. Females become sexually mature at 3—6 years and males
at 67 years. Mating takes place at the end of lactation period. Bearded seals are
highly vocal, especially during the breeding season when males sing to attract fe-
males or when males defend their aquatic territory. Their song can be heard for
up to almost 20 km. They give birth to a single pup in the spring, from March
to May. Pups are born on small drifting ice floes in shallow areas and enter the
water and swim only hours after birth. They grow rapidly at an average rate of
more than 7 pounds (3.3 kg) per day and become proficient divers during the next
18-24 days. During this time, pups consume an average of more than two gallons
(8 liters) of milk a day and reach about 220 pounds (100 kg) by the time they are
weaned. Mothers spend more than 90 percent of their time in the water while caring
for a dependent pup. The amount of time spent in the water and the pup’s ability
to swim quickly after the birth are probably an adaptation to polar bear predation.

The size of the global population is not known, and crude estimates suggest a pop-
ulation of 500,000, of which more than 50 percent stay in the Bering Sea. Polar bears,
killer whales, Greenland sharks, and walruses are important predators upon bearded
seals. Bearded seals have been hunted by indigenous peoples of the Arctic for sub-
sistence for thousands of years and are still hunted. Current levels of subsistence
harvest are not well known and are estimated to be annually approximately 6,800
in the United States, roughly 2,400 in Canada, and 500-1,000 in Greenland. They
are protected by various laws, and subsistence hunting by indigenous people of the
Arctic is allowed for personal use and not regulated unless populations are depleted.

Monika Kedra

See also: Antarctic Fur Seals; Crabeater Seal; Harp Seal; Hooded Seal; Leopard Seal; Polar
Bear; Ribbon Seal; Ringed Seal; Ross Seal; Sealing and Antarctic Exploration; Southern
Elephant Seal; Spotted Seal; Weddell Seal
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Bear Island (Bjornoya)

Bear Island (Norwegian name Bjgrngya) (74° 31'N 19° 1'E) is an uninhabited Arc-
tic island located in the Barents Sea approximately halfway between Cape North
(Norway) and the Spitsbergen Archipelago. The size of the island is about 69 square
miles (178 sq. km) with a maximum north—south extension of around 12.5 miles
(20 km) and about 9.5 miles (15.5 km) west—east. The tallest peak on Bear Island
is Myserifjellet (74° 26'N 19° 10'E) at around 1,750 ft. (536 m). Temperatures are
moderate for the latitude with a January mean of 17.4°F (—8.1°C) and 40°F (4.4°C)
mean temperature during July and August. Besides providing a potential base for
fishing and whaling operations, coal deposits have attracted attention for commer-
cial activities during several historical periods.

The first recorded sighting of the island dates back to June 10, 1596, when Dutch
explorers Wilhelm Barents (1550-1597) and Jacob van Heemskerk (1567-1607)
saw the island. Despite Bear Island being considered as terra nullius, several na-
tions claimed sovereignty over the island during the centuries or used it as an op-
erational base for the hunting of ocean mammals like walrus. In the context of these
economic activities, a number of small settlements were established. For example,
a small Russian settlement in the eighteenth century, or the coal mining settlement
of Tunheim at the beginning of the twentieth century, but all of them given up after
short periods. Today, the only permanent settlement on Bear Island is the meteo-
rological station at Herwighamna.

The question of sovereignty over Bear Island became particularly relevant when
steam-powered fishing and whaling vessels were introduced to the European fleets
at the end of the nineteenth century, and the German Empire and Russia recognized
the geostrategic importance of the island at the entrance to the Barents Sea. The
German Sea Fisheries Association with the support from the imperial navy sent
out expeditions to Bear Island in 1899. Primary objective of the expedition was to
explore options for a fisheries and whaling station, but an obvious secondary ob-
jective was claiming the island for the German Empire. Russia’s reaction was also
sending out a naval vessel, and finally the conflict was solved with none of the na-
tions claiming sovereignty. The question of sovereignty was finally ended with the
Spitsbergen Treaty of 1920. While giving sovereignty over the island, the treaty
established a controlled open access regime for economic activities of all treaty
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nations and prohibited any kind of military installations in the treaty area. During
World War II, Bear Island gained attraction due to its proximity to allied convoy
routes, but was not occupied by adversaries.

Opposite of Spitsbergen today, cruise ships only rarely visit Bear Island, leaving
the island largely to nature and a few scientists, mainly ornithologists. A noticeable
threat for the ecology of the island and the surrounding sea consisted of the wreck
of the Soviet nuclear-powered attack submarine K-278 Komsomolets, which sank
in April 1989. The sunken submarine is located 118 miles (190 km) southwest of
Bear Island. The nuclear reactor and its radioactive fuel are still onboard the wreck,
and ongoing corrosion might cause a radioactive pollution in the future.

Ingo Heidbrink

See also: Abandoned Arctic Islands; Barents Sea; Sunken Soviet/Russian Nuclear Subma-
rines in Arctic
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Beaufort Sea

The Beaufort Sea represents an extension of the Arctic Ocean situated between
Alaska, northwestern mainland Canada (Yukon, Northwest Territories), and the
western islands of the Canadian Arctic Archipelago (Banks Island, southwestern
Prince Patrick Island). To the north, it connects to the Arctic Ocean proper, while
to the west it borders the Chukchi Sea, another marginal sea of the Arctic Ocean.
In total, it covers an area of approximately 18,000 square miles (476,000 sq. km).
Named after Sir Francis Beaufort (1774—1857), rear admiral of the Royal Navy,
the sea was navigated by Robert McClure onboard HMS Investigator in 1850 in
the search for the lost Franklin Expedition into the Northwest Passage. Today, the
sea is shared by the United States and Canada, though there is a territorial dispute
over seaways from the Alaska-Yukon border. The Beaufort Sea coast is sparsely
populated with Tuktoyaktuk, Canada (population 930), and Prudhoe Bay, Alaska
(population 2,150), being the major settlements. Prudhoe Bay is the Trans-Alaska
Pipeline starting point, which transports crude oil southward from Prudhoe Bay. The
latter reflects the large reserves of oil and natural gas underneath the seafloor of the
Beaufort Sea. Exploration of these reserves, first started in the 1950s, has continued
to the present day, with major oil- and gas-fields discovered in the past few decades.

The Beaufort Sea is frozen over for much of the year, though parts of it become
ice free during summer (August—September). The relatively narrow coastal strip
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Aerial view of Prudhoe Bay, Alaska. One of the world's largest oil fields, it serves the
Trans-Alaska Pipeline. (U.S. Fish and Wildlife Service)

of summer open water has greatly expanded in the early twentieth century so that
larger parts are now seasonally ice free. This was evident in the sea ice minimum
year of 2012, when virtually all of the sea became open during summer. Neverthe-
less, sea ice still dominates the Beaufort Sea for much of the year. Near the coast,
sea ice is attached to the land or landfast, whereas farther offshore, it can drift with
the wind and currents as pack ice. The blanket of sea ice covering the sea is not
uniform, but open areas (flaw leads and polynyas) occur throughout. Ice breaks
up in late May, promoted by the seasonal river discharge near the coasts. By late
September, most of the Beaufort Sea is ice free, though freeze-up occurs in mid to
late October.

Close to the coast, the influence of rivers is substantial. In particular, Canada’s
longest river, the Mackenzie River, flows into the Beaufort Sea and constitutes an
important, though seasonally fluctuating, source of freshwater, nutrients, and sedi-
ments for the sea. Water depths in the Beaufort Sea are relatively shallow close to
the coast along the 55-mile (90-km) wide continental shelf, typically less than 200 ft.
(60 m). Deep water is found farther offshore, where depths reach a maximum of
16,000 ft. (5000 m). The oceanography of the Beaufort Sea is strongly influenced
by the Beaufort Gyre, one of two major current systems of the Arctic Ocean (the
other being the Transpolar Drift). This wind-driven clockwise current transports
sea ice and surface waters westward. Sea ice in the Beaufort Gyre can be circulated
for several years, attaining maximum thicknesses and a ridged appearance (due to
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floes bumping into each other) compared with other regions of the Arctic Ocean.
Below the surface water driven by the Beaufort Gyre is a reversed (counterclockwise)
flow of water initiated by the Beaufort Undercurrent, which flows eastward near
the coast in relatively shallow water (165 ft. [S0O m] depth). Water masses of both
Pacific and Atlantic Oceans occur in the Beaufort Sea. Pacific water flows in via
the Bering Strait, the waterway between Alaska and Siberia. Deeper waters (650 ft.
[200 m] depth and more) are of Atlantic origin, and transported into the Beaufort
Sea via the Transpolar Drift, which moves sea ice from the Arctic coast of Rus-
sia across the Arctic Ocean basin and eventually into the North Atlantic via the
eastern coast of Greenland. Both Pacific and Atlantic waters are moved eastward
along the continental margin by the Beaufort Undercurrent.

The Beaufort Sea became an important whaling ground in the late nineteenth
century. It is still rich in marine mammals, though modern-day hunting (as well as
fishing) is largely restricted to local inhabitants. The world’s largest stock of bow-
head whales frequents the area, along with sizable populations of beluga whales and
walrus, as well as seals (bearded seal, ringed seal) and polar bears. These animals
ultimately rely on phytoplankton (photosynthesizing algae) productivity, which
provides food for zooplankton. In turn, this supplies food for mollusks, crustaceans,
seabirds, and fish, including regionally abundant species such as Arctic cod, polar
cod, and Pacific herring.

Anna J. Pienkowski

See also: Arctic Basin; Arctic Ocean; Beaufort Sea Dispute; Chukchi Sea; Continental
Shelf Claims in the Arctic; United Nations Convention on the Law of the Sea (UNCLOS)
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Beaufort Sea Dispute

The Beaufort Sea dispute is a disagreement over the maritime boundary between
the United States and Canada. The dispute centers on the exact location of the
Beaufort Sea international boundary between Alaska and the Yukon. The Cana-
dians claim the boundary should run along 141st meridian west. The basis for the
Canadian government’s claim is the Treaty of St. Petersburg of 1825. This treaty
was signed by the Russian Empire and the United Kingdom. Canada, being the
successor to the United Kingdom, argues that the Treaty of St. Petersburg estab-
lishes their claim to the Beaufort Sea. The United States rejects the 141st meridian
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west boundary line. The United States maintains the boundary runs straight out
conforming to an equidistance line from the Alaska coast. The difference between
the two countries’ assumed boundaries resembles a wedge and is an area just under
8,300 square miles (21,000 sqg. km).

The Beaufort Sea is a marginal sea to the Arctic Ocean. In the area where
Alaska and the Yukon meet, there is continental shelf running offshore for
about 40 nautical miles near the 141st meridian west. This continental shelf
runs from Russia, under the Chukchi Sea and along the northern Alaska and the
Canadian provinces of the Yukon and Northwest Territories to approximately
the Amundsen Gulf. Geological studies have uncovered hydrocarbon potential
like Prudhoe Bay State #1 oil around Tuktoyaktuk on the Canadian side. To the
west of the Tuktoyaktuk area, in Alaska, is the Prudhoe Bay State #1 oil well in
Prudhoe Bay off the coast of Alaska (70° 18'N 148° 43'W). In 1968, Prudhoe
Bay was a major discovery and the largest oil field in North America measuring
213,543 acres (86,418 hectares). Original estimates claimed that the oil well had
25 billion barrels of oil with 13 billion barrels considered recoverable. Prudhoe
Bay also contained 26,000 billion cubic feet of natural gas.

Canada and the United States both agree with the United Nations Convention
on the Law of the Sea (UNCLOS) in regard to the continental shelf provision.
The Convention on the Continental Shelf specifies that coastal states have author-
ity over their continental shelf and the areas surrounding them. Under UNCLOS,
coastal states are granted exclusive economic zones, which give exclusive devel-
opment rights over all natural resources on continental shelf and territorial waters,
which grant coastal states control over their fishing, mineral, and oil rights up to
200 nautical miles (230 miles; 370 km) from the coast. The Beaufort Sea area in
dispute has considerable natural resources, especially natural gas and oil resources.

Both countries agree that the maritime boundary should be equitable, as estab-
lished under the International Court of Justice. However, neither the United States
nor Canada can agree on what is equitable. The United States argues in favor of the
equidistance principle as an equitable boundary, while Canada argues the equidis-
tance principle would not be an equitable boundary and would unfairly favor the
United States. The Canadians note that the Yukon coast is curved in (concave) and
the Alaska coast is curved out (convex). The different coastal shapes results in the
United States getting a larger area of the Beaufort Sea than Canada is willing to re-
linquish. Both countries are not pushing for a resolution in the International Court
of Justice to the maritime boundary. Both countries do agree and have cooperated
on measures aimed at preserving and protecting the coastal waters environment.

Canada and the United States have issued oil exploration permits in the disputed
area of the Beaufort Sea, but have placed a moratorium on further exploration. Up
to 2004, the United States has leased eight ocean surface plots in the area with the
intention of bringing possible oil reserves to market. The Canadian government
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has lodged a diplomatic complaint over the United States’ leasing. The Canadian
complaint is problematic because the United States for years has accepted the UN-
CLOS as customary law, but refused to ratify the treaty over objections to Part XI
(International Seabed Authority [ISA]). As aresult, no resolution over the Beaufort
Sea has occurred, but if the United States ratified UNCLOS, Canadian could have
their case heard in a tribunal.

The U.S. secretary of commerce, Gary Locke, in 2009 announced a fishing mor-
atorium on the Beaufort Sea. This moratorium included the disputed area. In re-
sponse, the Canadian government filed a diplomatic note with the United States
over the fishing moratorium. In 2010, the United States and Canada started nego-
tiations over resolving the Beaufort Sea differences. The two sides are continuing
to discuss the disputed area and working on an equitable solution.

Andrew J. Hund

See also: Arctic Ocean; Beaufort Sea; Continental Shelf Claims in the Arctic; Sector Prin-
ciple in the Arctic; United Nations Convention on the Law of the Sea (UNCLOS)
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Belgrano Il Antarctic Station

In the history of Antarctic Stations, three of them had the name “Belgrano”: stations
Belgrano I, Belgrano II, and Belgrano III. All of the stations were built and managed
by Argentina. Belgrano I station was founded in 1955, being the southernmost sta-
tion built by Argentina. In 1979, Belgrano II station was erected in replacement of
Belgrano L. Later, another station was built, Belgrano III, which functioned from 1980
until 1984. The only one of the three bases that is still in operation is the Belgrano II.
It remains today as the southernmost of the permanent scientific stations of Argentina.

The Idea

Belgrano I station was inaugurated on January 18, 1955, to ensure Argentinean
presence south of the Weddell Sea, to start scientific research activities, and as
a starting point for a proposed expedition to the South Pole (which would take
place years later, in 1965). It was the southernmost station in all the Antarctic
Continent until the foundation of U.S. Station Amundsen-Scott in the South Pole,
one year later.
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It was placed about 2 miles (3 km) off the coast on the ice barrier. The initial crew
of 14 men who stayed for the first Antarctic year-round camping endured outside
temperatures below —76°F (—60°C) with winds of more than 150 mph (250 km/h).
During winter, the station was completely covered by ice, leaving only chimneys,
antennas, and towers free of snow. When the ice shelf began to destabilize, the sta-
tion had to be abandoned for safety reasons. Some years after it was no longer in-
habited, the ice area where the base was located disconnected into a large tabular
iceberg of about 60 miles (100 km) long. The remains of the buildings drifted in
the ocean on top of the iceberg and have not been found. To continue with the sci-
entific projects that started at Belgrano I, Argentina government decided to build
a new station.

Belgrano 11

On February 5, 1979, Belgrano II replaced Belgrano 1. After the previous expe-
rience, it was decided to establish the new facilities on land. The location and
characteristics of the new emplacement of the station had to be carefully chosen
to continue with the auroral, atmospheric, and meteorological studies. Belgrano II
was built and is located on the largest rock promontory of Bertrab Nunatak, in the
Filchner-Ronne Ice Barrier, on the southern edge of the Weddell Sea (77° 52 'S 34°
37'W). It is approximately 800 miles (1,300 km) north of the South Pole and is the
southernmost station built on solid ground.

Since the station is about 6 miles (10 km) away from the ocean, and accessible
only for a few weeks of the year, access to the area is complicated and only pos-
sible by helicopter or small aircrafts. Usually, resupply of the station and rotation
of personnel is done by ship to the ice edge and then on to Belgrano II by helicop-
ter or ski aircrafts.

Extreme Conditions

One of the most interesting features of the station is that due to its latitude, it has
four months of daylight, four months of twilight (low daylight and short nights)
and four months of polar night. Thanks to this, the magnificent aurora australis is
common during the polar twilight and night periods. The average temperatures
range from 40° F to —76° F (5°C to —60°C). Flora and fauna are scarce around the
station and are highly specialized for living in the frigid climate. Flora in the area
is represented mainly by mosses and lichens (very particularly, organisms adapted
to extreme temperatures and drought) that live on rocks, and also unicellular algae
that live under the ice. Fauna is present only during the Antarctic summer, repre-
sented mostly by birds: skuas, petrels, seagulls, and eventually migratory species
that are traveling south.
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Activities in the Station

The station operates all year-round, and the activities carried out by the personnel
(usually between 18 and 20 men) are related to science. Although the logistics of
the Argentine Antarctic stations is carried out by military, their presence relates
only to science support. General station tasks are primarily scientific: maintenance
of shelters, survey, and exploration; support for foreign scientific activity; com-
munications; and operating and maintenance of satellite dishes.

The studies are conducted at the Belgrano Laboratory (LABEL, Laboratorio
Belgrano), which operates a full meteorological station and collects data for sev-
eral scientific programs from different areas such as ozone layer and southern au-
rora studies jointly with Spain and Italy; astronomic observations; magnetic field
variation analysis; cosmic rays and atmospheric studies; and solar energy resources
through a satellite station that is allowed to transmit data on a real-time basis. Since
February 1998, in cooperation with AWI joint program from Germany, the lab has
a geodetic GPS receiver and a seismological recording station that is the southern-
most seismograph operating over firm rock.

Luciana M. Motta

See also: Antarctic Programs and Research Stations/Bases
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Bellingshausen Sea

The Bellingshausen Sea is a marginal sea of the Southern Ocean, located off of the
Antarctic coast between the Antarctic Peninsula (west) and Amundsen Sea (east).
On the western border is the western side of the Alexander Island (71° S 70° W),
while the eastern border is Cape Flying Fish on Thurston Island. The southern
border is the southern part of Peter I Island (68° 51'S 90° 35'W). The northern
border is the Antarctic coast and includes the English, Bryan, and Eights coasts.
The Bellingshausen Sea is named after Admiral Fabian Gottlieb Thaddeus von
Bellingshausen (1778-1852), who explored the area in 1821.

The Bellingshausen Sea covers an area more than 180,000 square miles (480,000
sq. km). There are three major islands in the Bellingshausen Sea, which are Alex-
ander I, Peter I, and Charcot Islands. Alexander I Island is the largest Antarctica
Island at about 240 miles (390 km) long and 50 miles (80 km) wide. It is separated
from the mainland by Marguerite Bay and the George VI Sound. The George VI
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Ice Shelf fills in the George VI Sound with ice, making an ice bridge from Palmer
Land to Alexander I Island. Peter I Island (68° 51'S 90° 35'W) is a volcanic island
approximately 250 miles (400 km) off the Antarctic coast. It is about 11 miles (18
km) long and around 5 miles (8 km) wide. The Charcot Island (69° 45'S 75° 15'W)
is about 30 miles (48 km) long and around 25 miles (40 km) wide and lies approxi-
mately 55 miles (89 km) west from Alexander I Island. Other notable islands in the
Bellingshausen Sea are Latady (70° 45'S 74° 35'W), Smyley (72° 55'S 78° W), and
Spaatz Islands (73° 12'S 75° W).

There are two significant bays in the Bellingshausen Sea, which are the Ronne
Entrance and Marguerite Bay. The Ronne Entrance (72° 30'S 74° W) is in between
George VI Sound (71° S 68° W) and the Bellingshausen Sea just southwest of Alex-
ander Island. Marguerite Bay (68° 30'S 68° 30'W) is located between the Adelaide
Island in the north, runs along the Fallieres Coast of the Antarctic Peninsula and
Alexander I Island and the George VI Sound to the south. Within Marguerite Bay,
there are several islands, such as Horseshoe (67° 51'S 67° 12'W), Lagotellerie (67°
53'S 67° 24'W), and Pourquoi Pas Islands (67° 41'S 67° 28'W). There are three re-
search stations in Marguerite Bay, which are Argentina San Martin Base (68° 8'S
67° 6'W) and the British Antarctic Survey bases Rothera (67° 34'S 68° 8'W) and
Fossil Bluff (71° 20'S 68° 17'W).

The maximum depth of the Bellingshausen Sea is approximately 14,000 ft.
(4,400 m). Over 2 mya, an asteroid crashed into the Bellingshausen Sea. The asteroid
is called the “Eltanin” and is estimated to be between 0.5 and 2.5 miles (0.8—4 km)
in diameter. The impact of an asteroid of this size is estimated to have triggered a
tsunami of more than 600 ft. (200 m) tall that crashed onto the Antarctica Penin-
sula and southern Chile.

Andrew J. Hund

See also: Amundsen Sea; Weddell Sea
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Beluga Whale

The beluga whale (Delphinapterus leucas) is a small cetacean found in locations
throughout the Arctic and subarctic regions. Although technically not a whale in
that it belongs to the smaller toothed suborder of cetaceans that includes dolphins,
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the name is commonly used due to its popular associations, much as with the killer
whale. The beluga is alone in its genus, sharing the Monodontidae family with only
one other species: the narwhal. The beluga was first described by Peter Simon Pal-
las in 1776. Pallas, who was appointed to the St. Petersburg Academy of Sciences
by Catherine II of Russia, discovered and described numerous animals during his
expeditions to northern Russia. The English word “beluga” is a corruption of the
Russian word for white (belyy). The beluga whale is not at all related to the beluga
sturgeon of the Caspian and Black Sea regions.

The beluga is one of several cetaceans that lives exclusively in a polar region and
as such enjoys anatomical advantages that facilitate its survival. Among these evolu-
tionary advantages are its large stores of blubber for warmth (layers of up to 6 inches
[15 cm]), white coloration for camouflage, and a large thyroid for increased metabo-
lism. Unlike other cetaceans, Belugas shed their skin every season. During the winter
months, the skin thickens to develop an extra layer, which is then rubbed off using
the gravel of estuary riverbeds in their summering range. Perhaps the most interesting
physiological feature is a highly developed sonar capability that allows the whales to
easily discover blowholes. The sonar process is called echolocation and is affected
by the animal’s melon, a large organ located in the head that focuses and interprets
sound vibrations. The beluga’s melon gives the animal the appearance of having a
large swollen protuberance on its forehead. It is malleable, changing in shape and

Beluga whale. Beluga whales are almost an endangered species and considered “near

threatened.” [Shutterstock.coml)
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appearance with the sounds produced by the animal. The whale’s propensity for pro-
ducing high-pitched twittering sounds has led to the colloquial name “Sea Canary.”

The beluga’s most striking feature is its pure white coloration. Calves are dark
gray when born but lighten over time and achieve full white coloration by their 10th
year. Size is variable, and there is a fair degree of sexual dimorphism. Adult males
are bigger and heavier, reaching 18 ft. (5 m) in length and sometimes weighing in
excess of 3,500 pounds (1,500 kg). After achieving sexual maturity, females give
birth on average once every third year; the gestation period is fairly long (14-15
months). Calves nurse for an entire year until their teeth develop, and they can
begin hunting. Diet varies according to season, although fish is generally the food
of choice. Belugas can dive to more than 2,000 ft. (600 m) in depth to find food,
although most dives are less than 100 ft. (30 m). Rough estimates of the beluga
whales’ life span are between 35 and 50 years, but the normative age of a whale in
the wild has yet to be determined to a scientific certainty.

Beluga whales are social, traveling in pods that average a dozen but can include
many more. Typically, a single dominant male leads a pack. In the summer months,
pod conglomerations can number in the high hundreds and can be observed in es-
tuaries and coastal areas free of ice. Distribution is circumpolar, with an estimated
150,000 individuals found along the coasts of Alaska, northern Canada, Greenland,
and northern Russia. Generally, pods winter further north but migrate south when
the sheet ice begins to melt. Some populations, however, do not migrate and are
considered resident pods. During the summer, pods inhabit large river estuaries
and will sometimes swim well upriver in search of food or to avoid the predation
of calves by killer whales.

Belugas were hunted through the early part of the twentieth century for their
meat, blubber, and oil from their echolocation chambers, the latter of which was
used for lighthouse lanterns. Despite this legacy of hunting and climate change de-
velopments such as earlier melting of the pack ice, the global population is fairly
robust. Locally, however, some pods have experienced recent decline, including
several of the Alaskan populations (endangered).

Due to their size and coloration, beluga whales are highly sought after by aquari-
ums. Breeding programs have met with little success, so whales have been caught
in the wild at places such as the Churchill River estuary and specially flown to Van-
couver and other large aquariums. Canada banned Beluga capture in 1992, leaving
Russia as the only country currently selling to aquariums. Belugas both in captiv-
ity and in the wild have displayed a curiosity about humans, perhaps also leading
to their popularity.

Andrew J. Howe
See also: Bowhead Whale; Gray’s Beaked Whale; Gray Whale; Humpback Whale; Long-
Finned Pilot Whale; Narwhal; Narwhal Tooth; Northern Bottlenose Whale; Southern Bot-
tlenose Whale; Southern Right Whale; Sperm Whale; Whaling and Antarctic Exploration;
Whaling and Arctic Exploration; Whaling Fleet Disaster of 1871
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Benthic Community

Benthos is a term derived from the Greek word bathys, meaning “depth (of the
sea).” It refers collectively to all aquatic organisms that live on, in, or near the bot-
tom of the sea or other water bodies. Benthic communities are found in all marine
sedimentary environments, at all depths, from seashore and shallow coastal areas to
the abyssal depths. The marine benthic communities include a wide range of fauna
and flora, and marine sediments are home to very diverse and abundant communi-
ties of animals.

Benthos can be classified as phytobenthos, which includes plants, mainly algae
and diatoms, and zoobenthos, which comprises animals and protozoans. Organ-
isms that live buried in the soft sediment such as mud or sand are called infauna,
while the ones that live either attached to the bottom or other substrate, or live on
the sediment surface, are called epifauna.

Hyperbenthos include animals that live in the water layer close to the seabed.
Hyperbenthic communities are distinctly different from that of other benthic and
planktonic (water column) ones. Benthic animals are classified as either being ses-
sile, or discretely motile, or motile. Sessile organisms are attached to the seafloor,
or solid substrate, such as rocks or other organisms, and through their life span,
they do not move sufficiently to feed in an area different from that in which they
settled as larvae.

Discretely motile organisms move only between bouts of feeding, while motile
organisms move about the bottom freely and independently of feeding. Depend-
ing on the size range, benthic organisms are further classified into (1) macrofauna:
organisms that are larger than 1 mm such as polychaete worms, mollusks, includ-
ing bivalves and gastropods; echinoderms like sea stars, sea cucumbers, and brittle
stars; crustaceans like crabs, lobsters, amphipods, or cumaceans; and corals or
sponges; and (2) meiofauna: organisms between 0.1 and 1 mm in size, such as
nematodes, foraminiferans, gastrotichs, and small crustaceans such as copepods
or ostracodes; (3) microbenthos: organisms smaller than 0.1 mm, mainly bacteria,
diatoms, ciliates, and flagellates.

Benthic organisms can display a variety of feeding modes. Suspension feeders
(filtrators), such as sponges, cnidarians, bryozoans, or ascidians, are animals that
feed by straining suspended matter and food particles from water. They can feed
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on a wide range of particulate organic matter, from bacteria and organic particles
to small and large zooplankton. Surface deposit feeders and subsurface deposit
feeders (burrowers) feed on the organic matter from the sediments, either on or
near the surface or burrowing in the sediment. Predators feed on the other fauna in
benthic assemblages and scavengers feed on the dead animals or plants. In shal-
low waters, where light easily penetrates water column, primary producers, such as
algae or benthic photosynthesizing diatoms, may become a significant food source.
In deeper areas, benthic organisms are dependent on the production in the overly-
ing water column and organic matter, which sediments down to the depths. Thus,
benthic abundance, biomass, and distribution are highly related to the downward
transfer of organic material between water column and seafloor. Thus, most or-
ganisms in deep sea are detritivores, consuming detritus (decomposing plant and
animal parts as well as organic fecal matter) or scavengers. Many are also omni-
vores. The diversity, abundance, and biomass of benthic communities vary with
latitude, depth, water temperature and salinity, sediment type, and ecological cir-
cumstances such as predation and competition. Hard and sandy substrates are often
populated by suspension feeders, while soft bottoms are mainly dominated by de-
posit feeders, of which the polychaetes are the most important. Demersal fishes,
starfish, snails, cephalopods, and the larger crustaceans are important predators
and scavengers.

Polar marine ecosystems are characterized by seasonal or permanent ice cover,
low temperatures, variable salinities near shore, and strong seasonality including
changing light availability during the polar night and midnight sun and variable
levels of organic material input. At high latitudes, seasonality and quantity of food
resources strongly affect the survival of polar benthic fauna, which is additionally
exposed to extreme disturbance like ice scour, especially in shallower areas. Ice
scour can be very effective at removing bottom organisms, especially the ones at-
tached to the bottom in shallow coastal areas causing considerable damage to ben-
thic communities.

Polar benthic fauna has to face harsh polar conditions but it has become highly
adapted to these. In many polar shelf systems, benthic biomass is very high, mainly
due to low grazing in the water column and large organic matter flux fueling sea-
floor communities and further supporting high biomass, abundance, and diversity
of benthic organisms. The highest export of organic matter, produced in the sur-
face layers, to the seafloor, is observed in spring when primary production is far
greater than the water column consumption. Also, compared to the counterparts in
the warmer regions, many polar benthic organisms reach much greater sizes, and
gigantism is quite common especially in the Antarctic benthic faunas. Lower water
temperatures slow metabolic rates to the extent that growth rates are slow enough
to enable organisms to live longer. As a result, many polar organisms can have
considerably longer life spans and may reach larger sizes.
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Due to high biomass and abundance of many polar benthic organisms, they be-
come key prey for higher trophic level animals foraging on the seafloor. In the
Arctic diving sea ducks, bearded seals, walrus, and gray whales are among benthic
feeding predators. In the Antarctic, benthic animals are an important source of food
for fish, penguins, and seals. It should be stressed that benthic communities in the
Arctic and Antarctic are quite different. The Antarctic species diversity is likely
much higher than the Arctic and is characterized by much higher level of ende-
mism (species unique to the region). However, recent studies suggest that the dif-
ference in benthic diversity between the two polar regions might be much smaller
than previously anticipated.

Monika Kedra

See also: Arctic Basin
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Bering, Vitus Jonassen (1681-1741)

During his Russian service, Vitus Jonassen Bering crossed Russia, Siberia, and the
North Pacific Ocean. Vitus Bering was born in Horsens, Jutland, now Denmark,
in 1681. The three great influences in his life were his ambition, marriage, and
service to Russia.

Born into a poor family, Bering signed on as a ship’s boy at the age of 15. For
the next eight years, he served under Danish and Dutch captains, trained in the Am-
sterdam navigation school, sailed to India and the Dutch East Indies. He met the
Russian admiral Cornelius Ivanovick Cruys in 1704 in Amsterdam, who persuaded
him to join Russian Naval service as a Russian sublieutenant at the age of 22. Ber-
ing advanced higher in officer ranks reaching captain of second rank in 1720.

In 1713, Bering married Anna Christian Piilse. She was from a wealthy German-
speaking Swedish family. Letters to her family portray her as dominating the fam-
ily’s life. During the war with Sweden, Vitus was the captain of various ships and
to their humiliation, in 1721, he was not promoted again after the war although
other service men were. The final insult came when Anna’s younger sister married
Thomas Saunders, who ranked as Vitus’s superior thus rendering Anna socially
subordinated to her younger sister. They made a decision that Vitus would retire
from the navy, which he did. Within six months, he realized that he had made a
mistake, attended an interview at Admiralty College, and requested return to active
service. It was granted the same day, and he returned in the rank of captain first
class and was assigned to the Baltic fleet.
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In 1724, Peter the Great ordered two decked vessels to be built in Kamchatka,
which would explore the northern coasts to see whether the Asian and American
coasts were connected and locate a harbor for European vessels. On December 29,
Bering was appointed the commander of the First Kamchatka Expedition. Leav-
ing St. Petersburg in February 1725, he traveled across Siberia to its capital To-
bosk. The following spring, he made his way to Kamchatka to set up a base for
building the ships. In the summer of 1728, the ship Gabriel was launched carrying
provisions of fish and fish oil for a year. It sailed from Kamchatka to the Bering
Straits then into unknown seas. For most of the voyage, the seas were dark and
cloudy with reduced visibility. At the narrowest place, the Bering Straits are only
39 miles wide, and with clear weather, it would be possible to see both continents
as Cook would later observe. Bering did not observe this, but was convinced that a
northwest passage did exist. He returned back to St. Petersburg in 1730 as his
equipment was in poor condition and provisions running low. He was successful
in charting new coastline and fixed the latitude and longitude points so accurately
that Captain Cook later used them.

Bering was again commissioned on another expedition with two ships, the St.
Peter, commanded by him, and St. Paul, to be commanded by Lieutenant Alexei
Chiriskov (also spelled Chirikoff). Both ships were built in Okhotsk and sailed to
Kamchatka. In June 1741, they set sail toward North America, but the two ships
became separated during a storm. Chiriskov sited North America on July 15, and
a day later, Bering sited a volcano, which is the second highest peak in the United
States in the Prince William Sound of modern-day Alaska. He named it Mount St.
Elias in honor of the patron saint of the day.

Bering is believed to have landed on Kayak Island but, due to poor weather con-
ditions, began his voyage again discovering Aleutian Islands along the Kodiak Ar-
chipelago and naming them along the way. With unfamiliar waters, bad weather,
turbulent seas, and dwindling supplies, on August 10, the decision was made to
stop charting the American coast and head immediately for home. Fierce storms,
fog, and strong headwinds greeted them. The crew was ill, and men were dying.
Bering has been reported to have also been very ill. On the night of November 6,
1740, St. Peter became shipwrecked on the shores of the largest island in the Com-
mander Islands, which now bears his name, Bering Island. It is a high, rocky, and
desolate island that still experiences severe weather. Cold, hungry, and weak, more
of the crew died with Bering himself dying on December 19, 1741, from what has
historically been reported as scurvy. Six years after his death, the Russian classic
poet Mikhail Lomonsov named Bering “The Russian Columbus.”

For many reasons, Bering’s work as an explorer was not well documented or
recognized until the latter half of the twentieth century. In 1991, Danish archaeolo-
gists created a team to find Bering’s grave. Six graves were discovered on Bering
Island. Although there is not 100 percent proof that one was Bering, the expedition
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journal entries by Georg Steller, Bering’s physician, and other evidence point to one
of the remains discovered as being Bering’s. Forensic examination of his remains
revealed that he was of strong muscular build and of ideal weight for his size thus
dispelling early paintings portraying him as overweight. It was previously assumed
he died from scurvy, but his teeth were in good condition, thus refuting that theory.
The cause of death was determined to be from heart failure. In 1992, all the remains
were reinterred at a new burial site in Commander Bay near the original site on Ber-
ing Island. The Vitus Bering Memorial marks the new burial site.

Intimate glimpses of Bering’s personal life with his wife can be found in 16 let-
ters written between them from 1739 to 1740, which have now been translated from
German into English. They are reported to have had nine children, many of whom
perished in childhood.

Leslie McCartney

See also: Bransfield, Edward (1785-1852); Cook, James (1728-1779); Cook; James, Voy-
ages of
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Bharati Research Station

The Indian political leadership and scientific community have given importance
to mapping Antarctica region since 1980s. The Bharati research station became
operational on March 18, 2012. It was Indian’s third station, which was preceded
by the Dakshin Gangotri (1982) and Maitri (1988) research stations. The research
bases were temporary shelters for the expedition teams and centers for gathering
data about Antarctica. The Maitri research station is located in the Schirmacher
Oasis and Dakshin Gangotri is a summer day shelter that was abandoned in 1990.

The Indian scientists planned for a station at a distance of 1,800 miles (2,900 km)
from Maitri. Unlike Maitri, which was located more than 60 miles (100 km) from
Antarctic Sea, Bharati on Larsemann Hills, one of the few geological arenas for
constructing the history of Antarctica, was constructed on a rocky promontory. The
nodal organization coordinating and executing India’s polar expedition from 1998,
National Centre for Antarctic and Ocean Research (NCAOR), Goa, in India took
about more than a decade to make it a reality. When India expressed its desire to
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set up a third base in 2006, Australia objected to its proposed location. The area
had been designated as “specially protected” by Australia. But India, which had
signed the Antarctica treaty on August 1, 1983, cited Article 1 to justify its plan.
India raised the issue in May 2007 about the new research center in the 30th Ant-
arctica Treaty consultative Meeting (ATCM). The proposal for the new research
base was granted by the ATCM.

In 2008, the 28th expedition of Indian Antarctica program found a suitable loca-
tion in Larsemann Hills on the northeastern coast of Antarctica, situated roughly in
middle of Thala Fjord and Quilty Bay at 69° 24’ 28"S 76° 11’ 14"E. Construction
started in 2009 with a helipad and the installation of heavy equipment and ma-
chinery as well as pipelines being completed by 2011. In winter of 2011-2012, the
structure of the base was assembled. As per the provisions of the Atlantic treaty,
the self-sufficient structure could be disassembled. The center was constructed to
withstand ice drifting. Bharati has its own source of energy and freshwater. The
Bharati polar station, encompassing an area of 27,000 square ft. (2,500 sq. m),
was built using 134 shipping containers brought from Germany. The three-tiered
structure’s ground floor contains laboratories and a workshop. The 24 bedrooms,
kitchen, dining room, office space, and gymnasium and theater hall constitute the
second floor. The air-conditioning system is installed in the third floor along with
a storage facility.

The foundation stone of Bharati was laid on January 11,2011, in New Delhi, and
the ice hub became operational from March 18, 2012. Approximately 47 research-
ers will work in the center with only 24 overwintering. The station is capable of
withstanding 200-mph (320-km/h) winds. The center’s design will withstand ex-
treme weather conditions and check snow drifts. India began preparations for the
32nd expedition of India’s Antarctic program around the middle of August 2013
under the auspices of NACOR. By August 14, logistic personnel were selected, and
medical tests were conducted for the first batch after a week. The rigorous train-
ing for acclimatization in extreme weather condition was over by September 5.
A thorough study was made of atmospheric conditions with the help of digital flux
gate magnetometer. The expedition will begin its journey to Bharati station on De-
cember 5, 2013, from launching station in Cape Town, South Africa. The expected
time of arrival in the center is December 29, and the team will leave the station on
January 8, 2014.

The third polar station in Antarctica will benefit Indian scientific researchers by
providing various disciplines such as meteorology, earth sciences, environmen-
tal sciences, microbiology, communication technology, oceanography, glaciology,
and cold region engineering with data. The analysis of minerals in the glaciers sur-
rounding the Larsemann Hills as well as rocks of the river basins of Indian subcon-
tinent will bring into light many facts of the massive tectonic shift since Antarctica
was called Gondwanaland. The data gathered from Bharati also will be helpful in
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predicting natural disasters to a considerable extent. The station will assist in get-
ting high-speed data by transmitting directly to National Remote Sensing Centre,
Hyderabad, India, through special antennas. The communication linkage spanning
ice stations Bharati as well as Maitri and NCAOR would facilitate data sharing for
further research.

Patit Paban Mishra

See also: Antarctic Programs and Research Stations/Bases
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Blood Falls, Antarctica

Blood Falls is a vibrant red waterfall-like feature located at the tip of the Taylor
Glacier in the McMurdo Dry Valleys of Antarctica. This feature forms when fluid
from below the glacier reaches the surface through a crevasse or crack and spills
over the glacier surface. This subglacial fluid is a hypersaline brine with a high
concentration of iron; living microorganisms have also been discovered in Blood
Falls. When the brine reaches the surface and interacts with the atmosphere, the
iron oxidizes (see “What Causes the Color of Blood Falls?—Iron Oxide” side-
bar) and stains the ice a rusty red color. Blood Falls is one of the many subglacial
aquatic features that are now known to exist below Antarctic ice. The subglacial
brine of Blood Falls provides unique access to subglacial samples for biological
and chemical analyses.

Taylor Glacier, an outlet glacier of the East Antarctic Ice Sheet, flows into the
Taylor Valley, which is part of the ice-free region of Antarctica known as the dry
valleys. These valleys represent the coldest, driest desert on our planet. The Taylor
Glacier has played an important role in carving out the valley landscape as it ad-
vances and retreats over geological time in response to climate change. During the
warmer climate of the Tertiary, the length of the Taylor Valley was a deep fjord,
submerged with marine water. A pocket of marine water was covered during an
advance of the Taylor Glacier, apparently trapping the marine water below the gla-
cier. Episodically, this marine brine is released to the surface at Blood Falls. It is not
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WHAT CAUSES THE COLOR OF BLOOD
FALLS?—IRON OXIDE

The rich red color of Blood Falls is attributed to oxidized iron. The process of
staining the Taylor Glacier red is similar to the process of rust formation. The
brine below the glacier is devoid of dissolved oxygen, and the iron is chemi-
cally reduced, in the form of ferrous iron (Fe?*). When the brine emerges from
the glacier, it interacts with the atmosphere, and the reduced iron is oxidized,
becoming ferric iron (Fe**). The source of this iron is believed to have come
from the bedrock below the glacier. Although samples of subglacial bedrock
have not been collected, iron is the fourth most common element in the earth’s
crustal material. As the glacier advances and retreats, it grinds the bedrock
into smaller pieces, liberating minerals and increasing the surface area for mi-
crobial interactions. Some of the microorganisms discovered in the brine are
capable of using bedrock minerals in their energy metabolism, for example,
respiring iron in the absence of oxygen in a process called iron reduction.

Jill Mikucki

exactly clear what causes the release of brine; however, it is likely connected to the
glacier hydrological regime. The brine below the glacier might exist as a subglacial
lake or as salty saturated sediments. Scientists will have to drill through the thick
(approximately 1,500 ft. [450 m]) glacial ice and collect samples from the ancient
marine source to fully understand this unique subglacial system.

Blood Falls has been a scientific curiosity for more than a century. Members of
Robert Falcon Scott’s 1911 expedition, which was led by the geologist Griffith Tay-
lor, first discovered Blood Falls. These scientists originally thought the red color on
the glacier was due to red-pigmented algae. It was not until the 1960s that scientists
conducted chemical analyses on samples collected from Blood Falls and discovered
that the color was due to iron. They also learned that Blood Falls was extremely
saline, approximately two to three times saltier than seawater. Over the decades,
scientists have continued to study this feature and have determined that the salt com-
position is similar to the composition of seawater. The brine is also extremely cold
(=5 to —7°C or —23°F to 20°F). The brine remains liquid despite these subfreezing
temperatures, because salts depress the freezing point of water. More recently, scien-
tists began examining the brine for the evidence of life. They discovered that approxi-
mately 100 million microbial cells exist in every liter of the brine from Blood Falls.

The microbial residents of Blood Falls share similarities in their genomic
material to marine organisms from other cold environments, such as cold ma-
rine sediments. These organisms have several interesting properties that allow
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them to survive and grow below the glacier. Many of these microorganisms are ca-
pable of growth at the subzero temperatures in Blood Falls and are considered psy-
chrophiles. Psychrophiles are cold-loving microorganisms that prefer to grow at low
temperatures (at or below 15°C or 59°F). These microorganisms have unique adapta-
tions that allow them to survive at permanently cold temperatures such as modifica-
tions to their cell walls that promote fluidity or changes to their enzymes that allow
them to manipulate substrates better in the cold. Other organisms found in Blood Falls
are able to use iron instead of oxygen when they respire or breathe. Still others are able
to fix inorganic carbon into cellular material in a process called chemosynthesis. Un-
like photosynthesis, which converts sunlight into usable energy, chemosynthesis uses
chemical energy. This process may play a role in supporting this microbial community
despite being isolated from the surface, and sunlight, for perhaps millions of years.
The existence of this active marine ecosystem below the Taylor Glacier demon-
strates that life can survive beneath thick glacier ice for hundreds or possibly mil-
lions of years. This fact intrigues scientists for several reasons. The Blood Falls
ecosystem can provide insight into how life on earth was able to survive past global
glaciation events, the so-called snowball earth events. Blood Falls can also provide
an analog to possible extraterrestrial ecosystems such as what may exist below the
polar ice caps of Mars. Perhaps the ice cover is a protective layer from the harsh
surface conditions of Mars. The psychrophiles that have acquired unique traits to
survive in Blood Falls, such as cold-adapted microbial compounds, are of interest
to modern biotechnical industries.
Jill Mikucki

See also: McMurdo Dry Valleys of East Antarctica; McMurdo Dry Valleys of East Ant-
arctica, Biology of
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Bowhead Whale

The bowhead whale (Balaena mysticetus) is a large baleen whale and is the only
mysticete endemic to the Arctic. The bowhead whale has a nearly circumpolar
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distribution in the Northern Hemisphere and is able to live in polar waters year-
round since this species is morphologically and physiologically adapted to the ex-
treme Arctic environmental conditions (e.g., cold water, sea ice cover, and scarcity
of food). There are four recognized bowhead whale populations in the world: Sea
of Okhotsk (Russian Federation), Spitsbergen (Svalbard-Barents and Kara Sea)
(Norway, Greenland, Russian Federation), Bering-Beaufort-Chukchi Seas (Alaska,
Canada, Russian Federation), and the Eastern Canada-West Greenland population
(Canada, Greenland [Denmark]). Bowhead whales live in association with sea ice
throughout their range. Sea ice strongly influences the seasonal distribution of bow-
head whales as they undergo long seasonal migrations between their wintering and
summering grounds. Bowhead whales tend to select areas of lower ice concentra-
tion and thickness during winter, likely to reduce risks of ice entrapment, while the
opposite is observed during summer, probably to increase feeding opportunities
near the productive marginal sea ice zone and reduce exposure to predators such
as killer whales (Orcinus orca).

Bowhead whales are dark in color with a white chin and their body is shaped like
a barrel. They have no dorsal fin and a large head that allows them to break through
heavy ice cover (up to 17 inches [45 cm] thick). Their head comprises up to 35 per-
cent of their body length, and their skull resembles the shape of the bow of a ship.
One of their greatest adaptations to life in cold waters is perhaps the thickness of
their blubber. They have the thickest blubber among all whale species, which can
reach up to 20 inches (50 cm) thick in certain areas of their body. Bowhead whales
also have the longest baleen plates (up to 45 ft. [14 m]). In terms of body size,
calves are usually 13-16 ft. (4-5 m) long at birth and weigh around 2,000 pounds
(900 kg). Adult bowhead whales measure between 45 and 59 ft. (14—18 m) and
weigh between 150,000 and 200,000 pounds (75-100 tons). Bowhead whales are
long-lived animals, and recent data support a life span of more than 200 years.
Bowhead whales have a delayed onset of sexual maturity, a low fecundity, and a
long inter-birth interval. Their sexual maturity is acquired at 25 years, and a female
can produce a calf every three or four years following a gestation period of nearly
14 months. Bowhead whales are specialist feeders on zooplankton, and they have
three known feeding modes: skim feeding near the surface, in the water column,
and near the seafloor. Their main preys are calanoid copepods, euphausiids, and
mysids, as well as other invertebrates.

Commercial whaling severely depleted bowhead populations worldwide dur-
ing the fifteenth to nineteenth centuries. The abundance of bowhead whales prior
to commercial harvesting was estimated to be 30,000-50,000, and the population
was depleted to near extinction by 1920. Following the end of commercial exploi-
tation, bowhead whale populations have been slowly recovering, but the num-
bers of whales are still far from what they were prior to the fifteenth century. The
populations of the Sea of Okhotsk and Spitsbergen are endangered and critically
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endangered, while those of the Beaufort-Bering-Chukchi and the Eastern Canada-
West Greenland have been assigned the status of special concern by the Com-
mittee on the Status of Endangered Wildlife in Canada. Climate change, through
deterioration of their habitat, and increase in human activities within their distribu-
tion range via shipping, noise, pollution, and industrial development (oil and gas
exploration and exploitation) are all posing threats to the recovery and preservation
of this unique Arctic species.

Corinne Pomerleau

See also: Beluga Whale; Gray’s Beaked Whale; Gray Whale; Humpback Whale; Long-
Finned Pilot Whale; Narwhal; Narwhal Tooth; Northern Bottlenose Whale; Southern Bot-
tlenose Whale; Southern Right Whale; Sperm Whale; Whaling and Antarctic Exploration;
Whaling and Arctic Exploration; Whaling Fleet Disaster of 1871
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Bransfield, Edward (1785-1852)

Edward Bransfield was born in Ballinacurra, County Cork, Ireland, and is best
known for discovering Antarctica. Little is known about his family and or his
background, but the Bransfields had a respectable reputation and were catholic.
Bransfield attended a local Hedge School.

In 1803, at the age of 18 years, Bransfield was taken from his father’s fishing
boat and coerced into service for the British Royal Navy on the Ville de Paris as
a seaman. During this assignment, he befriended William Edward Parry (1790-
1855). In 1805, Bransfield’s diligence and skill resulted in him being assigned to the
Royal Sovereign, which had seen service in the Battle of Trafalgar (1805). Edward
rose to the position of an able seaman in 1806, the second master’s mate in 1808,
and midshipman in 1808. He worked also as a clerk in 1809 and again a midship-
man in 1811. Edward was promoted to the rank of second master in 1812. The same
year, he was elevated to the post of the acting master of the Goldfinch, under the
Cherokee, commanded by William Cornwallis (1744-1819). He had also partici-
pated in the Bombardment of Algiers in 1816. Later, he was made the master of
the Andromache in September 1817, under the command of Captain W. H. Shirreff,
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and raised to the position of the new Pacific Squadron of Valparaiso in Chile under
the Royal Navy.

In 1819, Captain Shirreff appointed Bransfield as the man in charge of a mission,
along with two midshipmen, a surgeon, and William Smith as pilot, to explore South
Shetland Islands. Through the Southern Ocean, they reached King George Island.
Moving ahead, and crossing the Bransfield Strait on January 30, 1820, Bransfield
saw the northeastern view of the Antarctic mainland, which is known as the Trin-
ity Peninsula today. On the way, he had also found two high mountains, covered
with snow and, later, discovered Elephant Island and Clarence Island. After the
Arctic mission, he handed over the charts and records of the exploration to Captain
Shirreff for submitting these to the Admiralty. The original journals are lost with the
passage of time, but the charts are available with the Hydrographic Department in
Taunton, Somerset. On October 31, 1852, he passed away and was buried in Brigh-
ton, England.

Ravindra Pratap Singh

See also: Amundsen, Roald Engebrecht Gravning (1872-1928); Klénova, Mariya Vasi-
levna (1898-1976)
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British Antarctic Expedition (1910-1913)

In September 1909, Captain Robert F. Scott (1868—1912) announced that he would
lead his second Antarctic expedition. His program, like the one during his 1902-1904
expedition, included exploration and science, along with a run south, this time
using mechanized sledges, ponies, dogs, and man-hauling. When Scott’s ship, the
Terra Nova, stopped at Melbourne, Australia, in October 1910, Scott picked up a
telegram from the Norwegian explorer Roald Amundsen (1872-1928), indicating
that he was also making a bid for the pole.

The Terra Nova took 21 days to get through the pack ice, and Scott was unable
to land at his first choice to winter (Cape Crozier), or his second choice, off Hut
Point. Finally, on January 4, 1911, the Terra Nova approached Cape Evans on Ross
Island, where a base was set up.

During the first winter, Dr. Edward “Bill” Wilson, Lieutenant Henry “Birdie” Bow-
ers, and Apsley Cherry-Garrard (assistant zoologist) undertook a journey from June
27 to August 1, in which they endured the harshest polar conditions ever experienced
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CHERRY-GARRARD,APSLEY (1886-1959)

Apsley Cherry-Garrard was a British writer, Antarctic explorer, and survivor
of Robert Falcon Scott’s ill-fated Terra Nova Expedition of 1910-1913. Born
in Bedford, England, Cherry-Garrard inherited a substantial estate upon the
death of his father in 1907.

At the age of 24, Cherry-Garrard applied to join Scott’s Terra Nova Ex-
pedition, but was rejected twice due to his lack of scientific training and poor
eyesight. Cherry-Garrard later secured a place by donating £1,000 toward
expedition expenses, joining as assistant biologist.

Hisrole in the expedition was primarily one of support; he was not chosen to
accompany Scott on his final journey toward the South Pole. Instead, Cherry-
Garrard and several others spent part of the austral summer of 1911-1912
laying supply depots along the expected route of Scott to and from the South
Pole. As the austral summer drew to an end in March 1912, Cherry-Garrard
and dog handler Dmitri Gerov were forced to leave One Ton Depot to return
to base camp. Robert Scott and his polar party perished 19 days later only
11 miles from the depot. Cherry-Garrard was one of several expedition mem-
bers who found the remains of Scott and his men frozen to death several
months later. Upon his return to Britain, he wrote his well-known account of
the expedition, The Worst Journey in the World.

David Raley

by humans. Traveling to the Emperor Penguin rookery at Cape Crozier to collect
eggs, Wilson hoped the penguin embryos would provide evidence of a link between
reptilian scales and feathers; later examination did not provide any connection.
Three parties made up the main land operations over two years: Lieutenant Vic-
tor Campbell was to explore King Edward VII Land with his Eastern Party; Geolo-
gist Thomas Griffith Taylor was to lead the Western Party in the glacier region west
of McMurdo Sound; and Scott’s Southern Party was to lay supply depots along the
proposed route to the pole, and later three groups made up the party heading south.

The Eastern/Northern Party

Campbell’s six-man Eastern Party became the Northern Party through a series of
difficult circumstances and nearly met with disaster. In January 1911, the party
sailed in Terra Nova and was supposed to explore King Edward VII Land, but ship
could not find a suitable landing place, so steamed westward along the edge of the
shelf for the Bay of Whales. However, in the first week of February, Amundsen’s
Fram was found in that area, and Campbell did not want to establish his base so

157
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Located on a point near what is now McMurdo Station in Antarctica, this shelter was used
by Robert Falcon Scott in Antarctica before he departed on his fatal trip to the South Pole.
The hut at Cape Evans, and all of the supplies inside, have been preserved as a historical
monument to the explorer. (National Oceanic and Atmospheric Administration)

close to the Norwegians. Terra Nova sailed to Cape Evans to report on Amundsen
and afterward went north to Cape Adare, Victoria Land, putting the Northern Party
ashore on February 17.

After attempting to survey previously unexplored coastline west of North Cape
and naming Oates Land, the ship left to spend the first of two winters refitting at
Lyttelton, New Zealand.

Campbell and his men conducted exploratory and scientific work, and con-
structed a winter hut that accompanied the two huts left behind by Borchgrevink’s
1898-1900 expedition. On January 4, 1912, Terra Nova returned and picked up
the party, and carried it farther south to Terra Nova Bay. Here the party was dis-
embarked with six weeks of sledging rations, two weeks of pemmican, and mini-
mal rations for four weeks. The men made a survey and conducted a geological
study of the area around Mount Melbourne and were supposed to meet the ship
around February 18, but Terra Nova never arrived. The ship had tried several
times to penetrate the pack ice 30 miles (48 km) offshore, but had to abandon
the attempt.

The party cut an ice cave in the snowdrift of a rocky outcrop they named Inex-
pressible Island, supplemented their meager food supply as best they could with
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seals and penguins, and spent the winter in darkness. Only three weeks before the
weather would allow the party to leave its ice cell behind in early September, the
men were struck with inflammation of the small intestine (enteritis), which nearly
killed Browning and Dickason. Leaving on September 30, the party made the jour-
ney to Cape Evans, arriving on November 7.

The Western Party

Taylor’s four-man Western Party was landed by Terra Nova on January 27, 1911,
at Butter Point (at the mouth of Ferrar Glacier), with the task of exploring the area
between Dry Valley and Koettlitz Glacier. Taylor met up with Scott’s depot-laying
party at Hut Point and made the journey across the sea ice, returning to Cape Evans
on March 13.

Taylor set out again in November on a new western journey with another team,
beginning his topographical work at Cape Bernacchi. Terra Nova was supposed
to pick up the party at Granite Harbor on or about January 15, 1912, but was pre-
vented by ice offshore. The men moved to the more accessible Cape Roberts for
three weeks, but the ship still could not reach them.

In early February, the party was living off reduced rations, and the possibility of
having to be forced to winter at Cape Roberts was becoming all too real. However,
Taylor decided to go southward along the coast to find an easier place for Terra
Nova to pick them up. By February 13, the ship was able to come close enough at
the mouth of Koettlitz Glacier. The ship then tried to rescue Campbell’s party be-
fore heading back to base, which was reached on February 25.

The Southern Party

Scott set off in the first week of February 1911 to lay supply depots along the pro-
posed route to the pole, hoping to lay a major one at 80° S. Due to weather condi-
tions and the ponies’ inability to cope, by February 17, Scott decided to establish
the major One Ton Depot (70° 28' 30" S) over 30 miles (48 km) further north than
he had wanted. It would prove to be a crucial shortfall. On the way back, Scott
waited for Taylor’s Western Party at Hut Point, and they returned to Cape Evans
by mid-March.

On October 24, the first of three southern groups departed, aiming for a rendez-
vous (80° 32'S). The motor sledge team left camp, but the machines soon broke
down, and the team reverted to man-hauling. Scott followed up with ponies on
November 1 and afterward came two dog sledges. Everyone met up at the rendez-
vous on November 21, and one month later, the top of the Beardmore Glacier was
reached, giving way to the polar plateau; now there were only three sledge teams,
and one more was sent back.
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On January 4, 1912, the final Pole Party was set at five men, one more than the
original plan of four. Since Scott decided to take an extra man along, this meant a
recalculation of food and weight, and a more crowded than usual tent on the trail.
Scott chose Dr. Wilson, Lieutenant Bowers, Captain Lawrence Oates, and Petty
Officer Edgar Evans. Five days later, Shackleton’s 1909 Farthest South was sur-
passed, but jubilant expectations were shattered on January 16 by a marker flag left
by the Norwegians. The following day, Scott and his men stood at the South Pole,
where they found the tent and messages left by Amundsen.

With an 800-mile trek back to Cape Evans, Scott left the pole on January 18.
Initially, the party made good progress, but as Scott approached the summit of the
Beardmore, two of the men, Wilson and Evans, were suffering particularly badly,
the latter having received a concussion after a bad fall. The effects of weather and
the limited sledge diet had taken their toll. Evans made it to the bottom of the gla-
cier, but died in his sleep on February 17. A month later, not wishing to continue
to be a hindrance to his comrades’ chances for survival, Oates sacrificed his life by
walking out of the tent during a blizzard.

In the meantime, on February 26, the assistant zoologist Apsley Cherry-Garrard
and the Russian dog driver Dmitri Gerov departed from the coast with two dog
teams to deposit extra rations for the Pole Party at One Ton Depot. They arrived
on March 4, but not finding Scott, they waited six days and then amid deteriorating
weather and diminishing supplies made a turn for home—at this time the desper-
ate Pole Party was fewer than 70 miles (110 km) away. One more attempt to reach
Scott was made through the man-hauling trip of Surgeon Edward L. Atkinson and
Petty Officer Patrick Keohane, but they were unsuccessful.

By March 19, Scott, Wilson, and Bowers had struggled to within 11 miles (18 km)
of One Ton Depot—and safety—until a ferocious blizzard trapped them in their tent.
Scott’s last journal entry was 10 days later. Atkinson led a sledge party that found
the bodies of the three men that November. Terra Nova reached Cape Evans on
January 18, 1913, and sailed for Lyttelton eight days later, arriving on February 12.

Glenn M. Stein

See also: British Arctic Expedition (1875-1876); Heroic Age of Antarctic Exploration (ca.
1890s—1920s); Ross Sea; Shackleton, Ernest (1874-1922)
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British Arctic Expedition (1875-1876)

The British Arctic Expedition, led by Sir George Strong Nares (1831-1915), was
a geographic and scientific exploration to find an open polar sea, reach the North
Pole, and explore the coasts of Greenland and adjacent lands. Two ships (the HMS
Alert and the HMS Discovery, captained by Henry Frederick Stephenson) sailed
from Britain with 120 men. They wintered off the northern coast of Greenland
and then sent out several sledge parties the following summer. Scurvy outbreaks
and outdated equipment caused disaster, and the expedition returned to Britain
in the fall of 1876. Although the expedition failed to reach the North Pole, they
explored and mapped the coasts of Greenland and Ellesmere Island and collected
scientific data and photographs of the region.

British Arctic exploration stalled after the loss of the Franklin expedition in
1847. By 1874, the political climate had shifted, and the government agreed to fi-
nance the new expedition, organized by the Arctic Committee of the Admiralty, as
an exploratory and scientific mission. The ships sailed from Portsmouth, England,
on May 29, 1875.

The ships traveled up the west coast of Greenland through Baffin Bay, then
through the channel between Greenland and Ellesmere Island (now Nares Strait)
to the Lincoln Sea. The route supposedly would lead to the mythical open polar
sea, an ice-free region surrounding the North Pole. In late August 1875, the ships
found overwintering locations. The Discovery sheltered in Lady Franklin Bay off
Hall Basin, while the Alert went a further 80 km around the tip of Grant Land be-
fore retreating to a bay in Robeson Channel. Though he doubted any chance of a
successful pole attempt upon seeing the ice-covered terrain, Nares followed orders
and began laying depots in preparation for the next summer. The crews were kept
busy all winter by constructing an ice rink and holding musical theater, evening
classes, and other events.

In March 1876, dog-sledging parties set out from the Alert to contact the Discov-
ery 80 km away. They returned a few days later with severe frostbite and exhaus-
tion after only covering 26 km. The next party set out a few weeks later in better
weather and reached the Discovery. The poor success with dog sledges convinced
them that a man-hauling sledge was a better method.

Exploratory sledge teams headed out in early April. Commander Albert
Markham and Lieutenant Alfred Parr led 15 men in two sledges with boats and
three support sledges toward the North Pole. Scurvy, heavy equipment, and terrain
slowed the team, which stopped 400 miles (640 km) short of the pole in mid-May
(achieving the furthest north point of any expedition thus far at 83° 20" 26" N).
Parr went back for help, walking for 24 hours without a break. Pelham Aldrich
and Lieutenant George Giffard started out with the Markham party with another
sledge party and turned west to Grant Land with eight men and two sledges.
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A third expedition led by Lieutenant Lewis Beaumont and Dr. Richard Coppinger
later went east to explore northern Greenland. These teams also developed scurvy
and were rescued in June.

Aside from scurvy, the sledge teams were slowed by old-fashioned equipment.
Sledges were heavy and difficult to pull through deep snow and pressure ridges.
Paths had to be cut with shovels and pick axes. Clothing absorbed sweat, which
then froze, making the clothes stiff enough to require beating with axes to flex the
knees. In bad weather, teams had to spend days in thin tents in communal sleeping
bags; clothes would thaw and saturate bags, which would then freeze and increase
sledge weight. Each team lost men to exhaustion and scurvy. Realizing that the re-
maining men could not survive another winter, Nares retreated southward in late
summer 1876 as soon as all sledging parties returned, arriving back in Portsmouth
in November.

The expedition was initially greeted with acclaim. Nares was honored, and the
expedition was recognized for its scientific and exploratory contributions. Public
and press opinion later turned against Nares for the failure to reach the pole and
the prevalence of scurvy. An official inquiry blamed Nares for failing to carry out
orders correctly to prevent the disease. Though lime juice was included in sledge
provisions, it had been distilled in copper pans, which destroys vitamin C, but this
was not understood for years.

Altogether, they explored around 300 miles (480 km) of the northern Ellesmere
Island and northern Greenland coastlines, which were previously undocumented
by Europeans. They disproved the open polar sea theory by documenting the fro-
zen Arctic Ocean. Scientific samples were taken, and northern indigenous peoples
and landscapes of what became Canada’s Northwest Territories and Nunavut were
documented in photos.

Elizabeth Bella

See also: British Antarctic Expedition (1910-1913); Canadian Arctic Expedition
(1913-1918); First German North Polar Expedition (1868)
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Canadian Arctic Archipelago

The Canadian Arctic Archipelago (or just called the “Arctic Archipelago”) is a
collection of around 36,500 islands located in Northern Canada. The archipelago
is considered the world’s second-largest high-Arctic landmass (Greenland being
the first). The numerous islands are separated by many waterways, straits, and
channels making up the Northwestern Passages. The collection of islands is pre-
dominately covering all of the Nunavut and a section of the Northwest Territories.
This archipelago stretches east to west about 1,500 miles (2,400 km) and about
1,200 miles (1,900 km) north to south. Cape Columbia (83° 6" 41"N 69° 57’ 30"W)
on Ellesmere Island is the northernmost point of the archipelago.

The Arctic Archipelago is bordered by the Arctic Ocean in the north, the Beau-
fort Sea to the west, Baffin Bay, the Davis Strait, and Greenland to the east, and the
Canadian mainland and Hudson Bay to the south. The archipelago covers an area
of 550,000 square miles (1,425,000 sq. km). The British claimed the Foxe Basin,
Hudson Bay, and Strait area of the Arctic Archipelago based on the Northwest Pas-
sage explorations of Martin Frobisher and Henry Hudson. Frobisher interacted with
the Inuit inhabitants during his explorations. Vikings from Greenland are believed
to have visited the area prior to the British. In 1894, Britain conveyed the area to
Canada, where it was labeled the Provisional District of Canada or the District of
Canada. In 1999, this district was adjourned with the creation of Nunavut. The ma-
jority of the Canada Arctic Archipelago is uninhabited and consists of a number of
relatively small islands. There are 94 islands that are larger than 50 square miles
(130 sq. km). Important islands over 3,900 square miles (10,000 sq. km) include
Axel Heiberg, Baffin, Banks, Bylot, Devon, Ellesmere, Melville, and Somerset.

Axel Heiberg Island

Axel Heiberg Island (79° 26'N 90° 46'W) is located west of Ellesmere Island and
separated by the Nansen and Eureka Sounds. It covers an area of 16,671 square miles
(43,178 sq. km). It is part of the Sverdrup Islands, which include the islands Axel
Heiberg, Ellef Ringnes, Amund Ringnes, Cornwall, Graham, Meighen, King Chris-
tian, and Stor. McGill University has a seasonal Arctic Research Station (79° 26'N
90°46'W) on Axel Heiberg Island. The island has forest fossils dating back 56-33.9 mya
to the Eocene.
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Baffin Island

Baffin Island (69° N 72° W) is the largest island in Canada covering an area of
195,928 square miles (507,451 sq. km) making it the fifth largest island on the
earth. South of the Baffin Island is Hudson Strait, Foxe Basin, and the Gulf of Boo-
thia. East is Davis Strait and Baffin Bay. In between Baffin Island and Devon Island
is the Lancaster Sound. The highest elevation is Mount Odin at more than 7,000 ft.
(2,100 m) tall. There is an ice cap, called Barnes Ice Cap, roughly in the center
of Baffin Island. Barnes Ice Cap covers an area of more than 2,300 square miles
(6,000 sq. km). There are two large lakes on Baffin island, which are Nettill-
ing Lake (66° 30'N 70° 50'W) and Amadjuak Lake (64° 55'N 71° W). Baffin
Coastal Tundra dominates the northeastern coast of Baffin Island (70° 25'N
68° 75'W) and corresponds with the Baffin Island Coastal lowlands ecoregion
of the Arctic Cordillera ecozone. Clyde River (70° 28'N 68°35'W) or Kanngig-
tugaapik (in Inuktitut) is the largest village with a population of approximately
800 people mostly Nunatsiarmuit (meaning the people of the beautiful land), an
Inuit subgroup. There are more than 10,000 people living on the island, with the
almost three quarters being Inuit. The three largest cities are the capital of Nunavut
“Iqaluit,” and the cities of Pangniqtuuq and Pond Inlet. Only Pond Inlet (72° 41'N
77° 57'W) is located in above the Arctic Circle of the these three cities.

An ancient Inuit inukshuk serves as a landmark for seafarers in a fjord of Baffin Island,
Nunavut, Canada. This inukshuk is estimated to be at least one thousand years old.

[Shutterstock.con)
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Banks Island

Banks Island (73° N 121° 30'W) is located in the Northwest Territories of Canada
and lies west of Victoria Island and is separated by the Prince of Wales Strait, the
Amundsen Gulf (south), and the Beaufort Sea on the western side. On the northwest
side are Melville and Prince Patrick Islands that are separated by the M’ Clure Strait.
Banks Island covers an area of more than 27,000 square miles (70,000 sq. km). It the
24th largest island on the earth measuring 240 miles (380 km) long and 180 miles
(290km) wide. The highest elevation is Durham Heights at more than 2,400 ft. (730 m)
tall. There are just more than 120 people on Banks Island all of which are located
in the village of Sachs Harbor (71° 59" 8”N 125° 14’ 53"W). The island is home to
around 65 percent of the earth’s lesser snow goose (Chen caerulescens caerulescens)
and the majority of the earth’s musk oxen population.

Bylot Island

Bylot Island (73° 16'N 78° 30'W) is located north of Baffin Island and the Eclipse
Sound. To the northeast is Lancaster Sound, east is the Navy Board Inlet, and to the
northwest is Baffin Bay. Bylot Island covers an area of more than 4,200 square miles
(11,000 sq. km). In 1999, Bylot Island and the Bylot Island Migratory Bird Sanc-
tuary (73° 14’ 58"N 78° 35' 15"W) were included in the Sirmilik National Park.
Bylot Island precipitation is around 37 inches (95 cm) in the summer months, and
snow accumulation in the winter months is around 10 inches (26 cm). The amount
of precipitation contributes to a diverse flora population of more than 350 different
plants. It is home to 74 species of birds, such as the thick-billed murres, black-
legged kittiwakes, Arctic skua, king eider, little auk, old-squaw, northern fulmar,
gyrfalcon, ruddy turnstone, red-necked phalarope, Iceland gull, snowy owl, and
snow bunting. There are also about 20 mammals, such as polar bears, ermine, Arctic
fox, Arctic hare, brown and collared lemmings, walrus, and seals (e.g., bearded,
harbor, harp, hooded, and ringed).

BYLOT ISLAND MIGRATORY BIRD SANCTUARY

The Bylot Island Migratory Bird Sanctuary (MBS) (73° 14’ 58"N 78° 35'15"W)
is located on Bylot Island (73° 16'N 78° 30'W) and is part of the Canadian Arc-
tic Archipelago. Bylot Island is located north of Baffin Island and the Eclipse
Sound. To the northeast is Lancaster Sound, east is the Navy Board Inlet, and
to the northwest is Baffin Bay.

The Bylot Island MBS is the second largest MBS in Canada. The larg-
est MBS is Queen Maud Gulf MBS. On January 1, 1966, the Canadian
government established Bylot Island as a marine, intertidal, and subtidal
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conservation area. In 1999, Bylot Island was included in the Sirmilik Na-
tional Park. Under the International Union for Conservation of Nature,
the Bylot Island MBS is categorized as a Category IV or a habitat/spe-
cies management area. The Bylot Island MBS has a total land area of
1,263,500 hectares (3,122,176 acres) and has a marine, intertidal, and sub-
tidal area of about 580 square miles (1,500 sq. km).

Bylot Island average yearly temperature is 5.9°F (—=14.5°C), with sum-
mer temperatures averaging 40°F (4.5°C) and winter temperatures averaging
—27°F (—32.8°C). Precipitation is around 37 inches (95 cm) in the summer
months, and snow accumulation in the winter months is around 10 inches
(26 cm). The amount of precipitation contributes to a diverse flora popula-
tion of more than 350 different plants. It is home to 74 species of birds, such
as the thick-billed murres, black-legged kittiwakes, Arctic skua, king eider,
little auk, old-squaw, northern fulmar, gyrfalcon, ruddy turnstone, red-necked
phalarope, Iceland gull, snowy owl, and snow bunting. There are also about
20 mammals, such as polar bears, ermine, Arctic fox, Arctic hare, brown and
collared lemmings, walrus, and seals (e.g., bearded, harbor, harp, hooded,
and ringed).

Andrew J. Hund

Devon Island

Devon Island (75° 08'N 87° 51'W) is located in the Qikiqtaaluk Region, Nunavut,
Canada. It is surrounded by Ellesmere Island to the north, Baffin Bay to the west,
the Lancaster Sound and Bylot Island to the south, Cornwallis Island and Wel-
lington channel to the east, and the Norwegian Bay to the northwest. At more
than 21,000 square miles (55,000 sq. km), Devon Island is considered the largest
uninhabited island in the world. There are several small mountain ranges on Devon
Island, including Cunningham, Haddington, and Treuter Mountains. The Treuter
Mountains are part of the Devon Icecap.

Ellesmere Island

Ellesmere Island (79° 50'N 78° W) is located in the Qikiqtaaluk region, Nunavut,
Canada. Cape Columbia (83° 6’ 41"N 69° 57" 30"W) on Ellesmere Island is the
northernmost point of Ellesmere Island and the Canadian Arctic Archipelago. Elles-
mere Island covers an area of more than 75,000 square miles (196,000 sq. km). It is
the 10th largest island on the earth measuring 520 miles (830 km) long and 400 miles
(645 km) wide. The highest elevation is Barbeau Peak at more than 8,583 ft. (2,616 m)
tall. The largest populated area on Ellesmere Island is Grise Fiord (76° 25’ 3"N 82°
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53" 38"W) with just more than 110 people. Around 20 percent of the island is part
of Quttinirpaaq National Park.

There are two large ice fields on Ellesmere Island, which are Manson and Svdp
(south) and Prince of Wales (eastern side). On the northern coast are the Agassiz
Ice Cap and the Ellesmere Ice Shelf. Originally, the Ellesmere Ice Shelf (82-83° N
64-90° W) was located from Point Moss to Nansen Sound on the northern coast of
Ellesmere Island in Nunavut, Canada. It was called the Ellesmere Ice Shelf because
when discovered, it was a single continuous ice mass. The Ellesmere Ice Shelf no
longer exists as single continuous ice mass. Over the past hundred years, more than
90 percent of the Ellesmere Ice Shelf has collapsed and continues to fragment with
each passing year. By the twenty-first century, the remaining Ellesmere ice shelves
had shrunk to just under 350 square miles (900 km). The remaining ice shelves were
the Ayles, Milne, Markham, Serson, Petersen, and Ward Hunt.

Melville Island

Melville Island (75° 30'N 111° 30'W) is split at the 110th meridian west between
Nunavut (east) and the Northwest Territories (west). The island measures from 165
to 212 miles (265-341 km) in length and 130 to 181 miles (210-292 km) wide.
Melville Island is the 33rd largest island in the world and covers an area of more
than 16,000 square miles (42,000 sq. km). It is an inhabited island, but has a diverse
mammal population that includes Arctic fox, Arctic wolves, musk oxen, caribou
(Peary), lemmings, and ermine. There is only sparse vegetation on the island.

Somerset Island

Somerset Island (73° 15’'N 93° 30'W) is located between Prince of Wales Island
and Baffin Island. To the east is the Peel Sound and the west is Prince Regent Inlet.
South of Somerset Island is Boothia Peninsula, which are separated by the nar-
row 1.2-mile (2-km) wide and 15-mile (25-km) long Bellot Strait, while north of
Somerset Island is bordered by the Barrow Strait. The uninhabited Somerset Island
is approximately 9,500 square miles (24,800 sq. km). Archaeological evidence
suggests that the Thule people have inhabited the island since at least AD 1,000. In
1937, the Hudson Bay Company established a trading post at Fort Ross. Fort Ross
was located on the southeastern end of Somerset Island on the Bellot Strait. Fort
Ross was the last fort of the Hudson Bay Company and closed in 1948. After the
closing of Fort Ross, Somerset Island was uninhabited.

There are two major disputes of the Canadian Arctic Archipelago. The Hans Is-
land (80° 49'N 66° 27'W) dispute is between Canada and Denmark (started in 1973)
over the ownership of a small area in the Nares Strait that includes Hans Island.
At dispute are claims to the fishing areas, management, and jurisdiction over the
Northwest Passage. Since 2012, both countries are negotiating, and it is suspected
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that Hans Island will be divided roughly in half between the countries. Claims to
and the jurisdiction over the Northwest Passage are presently disputed. The dispute
is primarily between the United States and Canada. The United States along with
most maritime nations acknowledges that Canada owns the Northwest Passage;
however, the dispute is over whether the Northwest Passage is Canadian internal
waters or an international strait that would allow for the free passage without Ca-
nadian consent for all international maritime vessels.

Andrew J. Hund

See also: Arctic Ocean; Foxe Basin; Greenland; Hans Island Dispute; Lomonosov Ridge
Claims; Northeast Greenland National Park; Tuktut Nogait National Park; Vuntut National
Park of Canada
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Canadian Arctic Expedition (1913-1918)

The Canadian Arctic Expedition was the first entirely Canadian Arctic scientific
expedition, led and organized by Vilhjalmur Stefansson (1879-1962), a Canadian-
born Icelandic anthropologist. The expedition experienced setbacks including loss
of the flagship Karluk and subsequent crew being stranded and starving. Despite
the hardships, the expedition was considered a success due to the collection of
thousands of specimens of animals, plants, fossils, minerals, photographs, film, and
cultural artifacts, and for mapping new lands for Canada.

The expedition was originally sponsored by the U.S. National Geographic Soci-
ety but was taken over by the Canadian government to strengthen Canada’s claim to
sovereignty in Arctic islands. The change shifted the expedition’s emphasis toward
geographical exploration rather than solely ethnological and scientific studies. The
American sponsors withdrew subject to the condition that expedition rights would
be reclaimed if Stefansson failed to depart by June 1913. Subsequent criticism of
the expedition points to rushed planning and poor attention to food and equipment
details by Stefansson.

The expedition was divided into a Northern Party on the Karluk led by Stefans-
son, and a Southern Party on the schooners Mary Sachs which was Alaska led by
Rudolph M. Anderson (1876-1961). Besides looking for new land, the Northern
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Party’s program included meteorological, oceanic, and biological investigations.
The Southern Party’s purpose was anthropological studies and survey in the is-
lands off the northern Canadian coast to document geography, geology, resources,
wildlife, and people of the region, with particular attention to copper deposits and
trade routes.

The ships set out from Nome in June 1913. They encountered rough conditions
almost immediately. The smaller ships navigated north to Collinson Point, Alaska,
where they overwintered. The flagship Karluk was trapped in sea ice and sank in
January 1914 after drifting for months in the Beaufort and Chukchi seas toward
Siberia. Stefansson left the Karluk with a hunting party of five after the boat had
been stuck for a month. Two days later, a violent storm propelled the Karluk on a
rapid new trajectory, permanently separating Stefansson and his party from the ship.

The Karluk crew initially set up camp on the ice. Four men died after indepen-
dently leaving the camp to travel toward Russia. Four more reached Herald Island
but died there of uncertain causes, possibly from fumes from a faulty stove; their
fate was unknown until 1924 when their remains were discovered. After reaching
Wrangel Island with the remaining crew, Bartlett and Kataktovik, one of the ex-
pedition’s Alaskan Inupiat hunters, set out on a harrowing journey to the Russian
mainland, then to Alaska to arrange a rescue. The USS Bear reached the survivors
in the fall of 1914. Three more had died of a starvation diet based on faulty pemmi-
can, and one crew member (Breddy) died of a gunshot wound, either self-inflicted
or murdered for stealing food.

Stefansson and his group eventually reached the Mary Sachs. Here assembled the
Northern Party with local hires and purchased two more small schooners, the North
Star and the Polar Bear. Exploration continued until 1918. They discovered land
previously unknown even to the Inuit, the only lands in Arctic exploration docu-
mented by a solely Canadian expedition. They also remapped significant errors in
prior maps. At the expedition end, the schooner North Star was given as payment
to Natkusiak, a hunter and a key crew member, while the Polar Bear ended her
career in Siberia. Historians have divided views on Stefansson’s decision to leave
the Karluk. Survivors were critical of his indifference to their ordeal and the loss
of life. He was not officially censured for his actions and was publicly honored for
his expedition results despite the Canadian government’s reservations about its
overall management.

The Southern Party completed detailed mapping of the Arctic coast from Alaska
to Bathurst Inlet, as well as the East Channel of the Mackenzie River. Regular
soundings of ocean depth during ice trips established polar continental shelf infor-
mation. The schooner Mary Sachs was left in what is now the town of Sachs Har-
bor, forming a new settlement point. The Alaska returned to Nome in 1916, with
thousands of specimens of animals, plants, fossils, rocks, artifacts from the Copper
Inuit and other cultures, and more than 4,000 photographs and 9,000 ft. of movie
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film. The material has been applied to countless scientific projects, publications,
films, and exhibits. A number of books have detailed the Karluk disaster and overall
expedition events. Changes in the culture and demography of the region came as
expedition employees stayed in the region and brought others to the area. Trading
for artifacts introduced new tools, guns, and various utensils to Inuit people, and
fox trapping was established as a local industry and lifestyle.

Elizabeth Bella

See also: British Antarctic Expedition (1910-1913); British Arctic Expedition (1875-1876);
First German North Polar Expedition (1868)
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Caribou

Caribou (Rangifer tarandus) are northern herbivores and a Holarctic species of
deer, living in Arctic and subarctic tundra and taiga. Caribou migrations, still occur-
ring in North America, are a spectacular characteristic of this species as herds
can travel up to a thousand miles from more southern winter ranges to northern
calving grounds. For millennia, caribou have served as a critical source of protein
and clothing to northern subsistence hunters. Now, caribou herds in the north are
threatened by air pollution, thawing permafrost, shrinking acreage, and climate
change impacts to lichen and other nutritional plants.

The caribou originated more than 400,000 years ago, as indicated by the fossil
record, in northern Asia or eastern Alaska. Called reindeer in Europe and “tuktu” by
the Inuit, they are described as a large Arctic deer, a ruminant mammal of the Cer-
vidae family. Scientists generally organize this two toed, hooved, antlered animal
with a four-chambered compartmentalized stomach into three groups or subspe-
cies: woodland caribou (R. tarandus fennicus, R. tarandus caribou, and R. tarandus
dawsoni); barren-ground caribou (R. tarandus groenlandicus); and Peary caribou
(R. tarandus pearyi). A fourth type, Grant’s caribou (R. tarandus granti), live in
Alaska and are very similar to barren-ground caribou. Woodland caribou live in
boreal forested areas and are generally a little larger and darker than the tundra-
residing barren-ground caribou. Peary caribou live their lives on Canada’s Arctic
Islands and are a smaller animal with an almost white coat.
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The caribou’s natural habitats are tundra and taiga ecosystems, including alpine
tundra. The tundra was considered barren by early biologists but in fact provides
sedges, grasses, lichens, and herbs. Lichens are an extremely important winter re-
source for these nomadic animals, which have the ability to generate nutrients and
energy from these low-nutrient and difficult-to-digest organisms. Lichens are able
to grow under snow in severe weather and on dying branches in the taiga. The no-
madic existence of caribou herds allows them to find the slow-growing reindeer
lichens, and this wandering behavior also enables the lichen to regenerate, thus
preventing overgrazing. Currently, the largest herds are found on Alaska and Can-
ada’s mainland. In summer, sedges, grasses, and berries enable caribou to build up
energy reserves.

The term “reindeer” is commonly used to denote semidomesticated animals,
whose herd movements are largely directed and controlled by people. These semi-
domesticated animals are smaller, tamer, and can vary in shades of color from
brown to white. These reindeer have been selected, over centuries, for their ability
to produce meat. Fossils show signs of caribou hunters dating back thousands of
years. Peoples of Asia and northern Europe chose to stay close to specific herds
year-round and direct the animals toward quality winter, summer, and calving
grounds as well as protect them from common predators.

Caribou are well adapted to the tundra and marshy wetlands by having very large,
wide hooves that allow them to travel more easily over snow and soft ground. The
large dewclaws also provide stability. Caribou use their front hooves to dig away
snow to locate lichens, a behavior called “cratering.” This behavior has led some
northern people to call caribou “the digging ones” or “snow shoveler.” Another
important adaptation is their thick two-layered coat with hollow hairs that can
trap air and provide increased insulation. The caribou’s vascular system acts as a
heat exchanger between cold deoxygenated blood (veins) and warm oxygenated
blood (arteries) contributing to the conservation of heat. A fine network of veins in
the nasal passages surrounds the arteries and reduces heat loss in the extremities.
A very unusual adaptation in caribou is the presence of antlers in females and the
young, even in the winter.

Caribou calves are born during a short period of time in the spring on the calving
grounds. Bull caribou live about 10 years, and a general rule for mammals, females
live a few years longer. Caribou lifespan and reproduction can be affected not only
by the changing lichen cover but also by air pollution. Some pollutants transported
to the north kill lichens while others such as mercury are absorbed through the food
chain, affecting their physiology and biochemistry.

Lawrence K. Duffy

See also: Arctic Fox; Arctic Ground Squirrel; Arctic Hare; Arctic Seabirds; Arctic Wolf;
Dogs in the Arctic; Lemmings; Musk Oxen; Polar Bear; Wolverine
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Cartography of the Arctic

The mapping of the Arctic was a subject of speculation since antiquity, and the
immense difficulties involved in reaching and exploring the polar regions meant
that the true nature of their geography and therefore their cartography was finally
resolved only during the twentieth century.

The earliest maps including reference to the Arctic were known as “zonal maps.”
They represent attempts made during late classical times to organize strictly limited
knowledge of the world. Zonal maps were little more than diagrams in which the
global disk was divided into habitable temperate regions and uninhabitable regions,
including frigid zones in the far north, which they knew existed, and the far south,
the existence of which they inferred.

The developing medieval worldview was quite different from the modern one
and is exemplified by the type of world map known as mappae mundi. In effect,
they were compendia of current information based on classical knowledge, the
Bible, travelers’ tales, and some natural history, all set within a Christian context
that placed Jerusalem at the center of the map, which was often oriented to the east.
This worldview only just included the Arctic, as can be seen in the famous Hereford
mappae mundi (ca. 1290), which depicts a small Norwegian figure on a ski at the
very edge of the known world, just inside the encircling ocean.

In about 1360, an English friar, Nicholas of Lynn, reputedly sailed from Nor-
way to a coast where the sea froze in winter, which may have been Greenland. He
reported that the North Pole was a magnetic rock in the middle of a whirlpool sur-
rounded by mountainous lands and channels through which the sea was drawn in.
It may be that the magnetic rock owed something to the workings of the magnetic
compass, and the whirlpool was perhaps connected to the maelstrom believed to
lie off the Arctic coast of Norway. Whatever the truth, Nicholas’s account had a
great effect on Arctic cartography. The earliest extant globe, for example, made by
Martin Behaim in Nuremburg in 1492, clearly followed Nicholas’s concept though,
with Greenland depicted as an extension of Norway, and as late as 1595, Gerard
Mercator considered it appropriate to reproduce the same concept in even greater
detail in his atlas.

The persistence of such concepts was assisted in 1558 by the publication of an
account of an Arctic voyage reputedly made about 1380 by two Venetian broth-
ers, Niccolo and Antonio Zeno. As well as describing their visit to Greenland and
the mythical island of Frisland or Frislandia, the account included a map showing
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Greenland as extending in a great arc north of Iceland and joining Norway. The
Zeno map, possibly originating in the medieval concept that all lands must be united
since all civilization originated from a common center, served to confuse genera-
tions of future Arctic cartographers and explorers.

The medieval image of the world began to undergo radical change in the late
fourteenth century, when Turkish pressure on Constantinople resulted in the emi-
gration of Byzantine scholars to Italy. They took with them Greek manuscripts,
including Ptolemy’s Geographia. By 1427, less than 20 years after the first Latin
translation, a copy of the Geographia was made in France to which was appended
a map of the northern lands by the Danish geographer Claudius Clavus—the first
modern map to be added to a Ptolemaic manuscript. All the early editions of the
Geographia were copied by hand, text and maps alike, and various changes were
introduced. In 1466, a copy of the world map showed Greenland west of Norway;
by 1468, it had been moved to the north. The first printed edition was published
in Bologna in 1477; by the famous Ulm edition of 1482, a northern extension rep-
resenting Scandinavia had been added. The sea beyond is simply mare glaciale,
and there is no Siberian coast. Much geography at this time was hypothetical, and
cartographical progress was in consequence uneven. Martin Waldseemiiller’s 1507
world map, for example, depicts the Arctic coast of Eurasia joining Scandinavia
with the Far East. In about 1504, a chart of the North Atlantic by Pedro Reinel ap-
peared, the first to show the direction of the North Magnetic Pole. In 1569, Merca-
tor showed two magnetic poles—one on an island in the Strait of Anian (roughly
Bering Strait) and the other farther to the northwest, stating in an explanatory note
that he believed the true magnetic pole lay somewhere between these two positions.

Actual exploration of the Arctic began in the mid-sixteenth century, when Eng-
lish and Dutch navigators began to search for the Northeast and Northwest Passages
to Cathay and the Spice Islands. There was by now general agreement among car-
tographers that northeastern Asia and northwestern America were not connected
and that the polar lands were separated by sea from both. The Arctic Ocean was
believed to be largely ice free and appeared to offer a short route to the Far East
and its luxury products. It may have been this concern that led cartographers at an
early date to draw maps on a polar projection—a bird’s eye view of the circumpo-
lar lands centered on the Pole itself, for example, John Dee’s map of about 1582.

One of the earlier English expeditions to investigate the Northeast Passage was
that of Stephen Borough in 1556—1557, whose brother William compiled a chart de-
picting the route from North Cape to the Kara Sea. By the time Abraham Ortelius’s
world map was published in Amsterdam in 1587, the Siberian coast was depicted
and Novaya Zemlya had appeared. However, beyond Iceland and Greenland—now
roughly in the right positions—and stretching right across the world lies a vast polar
continent, Terra Septemtrionalis Incognita, mirroring the contemporary concept
of a great southern continent (Terra Australis Incognita). The Dutch also explored
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the Northeast Passage, and the map compiled by Willem Barents on the basis of
his voyages in the 1590s was published posthumously by Cornelius Claesz in 1598
in a polar projection that combined Barents’s discoveries of Spitsbergen and Bear
Island with existing knowledge of the Arctic, including Davis Strait, the northwest
coast of Novaya Zemlya, and the supposed position of the magnetic pole in the
Strait of Anian. Later Dutch cartographers improved upon mapping of the Sval-
bard Archipelago on the basis of discoveries, particularly to the north and the east,
reported in the seventeenth and eighteenth centuries by Dutch whalers.

A landmark event in Arctic cartography was the Great Northern Expedition of
1733-1743, launched by Tsar Peter the Great and led by Vitus Bering. Seven de-
tachments, almost 1,000 men in all, set out by ship and dog sledge to explore and
map a possible Northeast Passage, the Eurasian Arctic coast, the Bering Strait, and
Alaska—which was a Russian possession until 1867. By the time these surveys
were completed, often in conditions of the greatest hardship, almost the entire
Arctic coastline of mainland Russia had been explored. Maps compiled in the field
were sent back to the St. Petersburg Academy of Sciences to be collated, redrawn,
and engraved. Initially, efforts were made to keep these maps secret, but doing so
proved impossible, and they were published in the great Russian atlas of 1745, to
be revised as further surveys were carried out subsequently.

The mapping of the North American Arctic, with its labyrinth of islands and
straits, proceeded more slowly. Charting of the Hudson Bay region began with
the seventeenth-century English voyages in search of the Northwest Passage. The
Arctic coast was first depicted in 1772 on Samuel Hearne’s map showing the Cop-
permine River to the Arctic Ocean (published in 1795). Between 1818 and 1838,
British naval and Hudson’s Bay Company expeditions continued the process, the
pace accelerating during the period of the search for Sir John Franklin’s lost expedi-
tion (1847-1859), when many islands were surveyed for the first time. Vilhjalmur
Stefansson’s discovery and survey of the last unknown islands between 1913 and
1918 concluded the outline mapping of the region.

The first recorded European—as opposed to Inuit—maps of Greenland were
those compiled in 1605 by James Hall, pilot of John Cunningham’s Danish ex-
pedition. Hans Egede’s map of southern Greenland in 1737 significantly omitted
Frobisher’s Strait, which earlier cartographers show cutting across south Greenland
as a result of circumstances described in the entry for Martin Frobisher. Despite
Egede’s insisting that it did not exist, “Frobisher’s Strait” continued to be depicted
there rather than on Baffin Island by many maps into the nineteenth century.

Arctic cartography has continued to develop into modern times, as the more in-
accessible regions were finally reached by explorers: Severnaya Zemlya, for ex-
ample, discovered in 1913 and not surveyed until 1930-1932 by Georgiy Ushakov;
and East Greenland, mapped by a succession of Danish expeditions from 1884
when Ammassalik was first reached by Gustav Holm. Aircraft and, more recently,
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satellites have led to significant improvements in accuracy, particularly in the por-
trayal of interior detail.
David Clammer

See also: Arctic Circle; Bering, Vitus Jonassen (1681-1741); British Arctic Expedition
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Chamisso Wilderness

The Chamisso Wilderness is managed under the U.S. Fish and Wildlife Service and
is part of the National Wilderness Preservation System. In 1975, the U.S. Congress
under Public Law 93—-632 designated 455 acres (184 hectares) as a wilderness area
and officially established the Chamisso Wilderness (66° 13'N 161° 49'W). Prior to
the Congressional designation, the areas of the Puffin and Chamisso Islands and
a few nearby rocky islets were established as a wildlife refuge on December 7,
1912. In 1980, the Chamisso Wilderness became part of the Chukchi Sea Unit of
the Alaska Maritime National Wildlife Refuge.

Chamisso Island (66° 13'N 161° 49'W) and Puffin Island (66° 13'N 161° 51'W)
are located in the Kotzebue Sound off Spafarief Bay and at the mouth of Eschscholtz
Bay. Chamisso Island is a small almost arrowhead-shaped island about 1.5 miles
long and 0.125 miles wide. The highest elevation of the island is around 225 ft.
above sea level. The island’s vegetation is a beach zone, bogs, and tundra. The
beach zone consists of a long sandy spit and low-lying beach area. There are a
few marshy bogs and the terrain above the sandy beaches is mostly tundra. There
are about a 40 different plant species on the island. The primary bird species of
Chamisso Island is horned puffins. The island was named after German poet and
botanist Adelbert von Chamisso (1781-1838), who was the first European to reach
the island in 1816.

Two miles away from Chamisso Island is Puffin Island. Puffin Island is smaller
than Chamisso Island and is primarily a steep rock. Puffin Island has a higher pop-
ulation of nesting birds than Chamisso, and its terrain provides excellent nesting
habitat for birds, especially horned puffins, black-legged kittiwakes, and murres
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(common and thick-billed). Around 25,000 seabirds nest on Puffin Island, while
3,000 nest on Chamisso Island. There are about a dozen different plant species on
the island, which are mostly different grass species. Puffin Island was named by
English Naval Officer Frederick William Beechey (1796-1856) in 1831.

Prior to Adelbert Chamisso and Captain Beechey’s arrival, the local Inuit/Eskimo
population had been utilizing the islands for subsistence activities for hundreds of
years. Both islands are still used by the local Eskimo population for subsistence ac-
tivities, where they gather mostly kittiwake and murre eggs. Beyond the bird popu-
lations, the islands are most uninhabited. The islands are available for recreation
purposes, such as camping, hiking, bird-watching, and kayaking, as are all federal
lands listed under the National Wilderness Preservation System. The islands fre-
quently experience rough seas resulting in boating being risky.

Andrew J. Hund

See also: Arctic National Wildlife Refuge (ANWR); Climate Change and Invasive Spe-
cies in the Arctic
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Chinstrap Penguin

The chinstrap penguin (Pygoscelis antarctica) is a medium-sized penguin that nests
on the Antarctic Peninsula and islands in the circumpolar region of the subantarctic,
including the southernmost islands in all three major oceans. Birds grow to 27 inches
(68 cm) in length, although weight is highly variable due to both sex and breeding
cycle, ranging from 6.5 to 13 pounds (3-6 kg). By the end of the breeding cycle in
March, adults have run through most of their fat reserves and spend the rest of the
year building up weight for the next breeding cycle, which begins in November.

As with all other penguin species, the chinstrap is flightless although with flip-
pers built for swimming underwater. It is black above and white below with a black
bill and diagnostic narrow black band running from crown to chin, appearing like
a helmet chinstrap. When combined with reddish-brown eyes and white edgings to
black flippers, the chinstrap penguin is one of the most easily recognizable. There
is no sexual dimorphism in plumage.

The chinstrap is classified as a species of least concern, with a global population
of over 15 million birds. Both population and range were thought to expand dur-
ing the 1960s due to increased commercial whaling, which served to remove much
of their competition for krill. To find food, which also includes fish and shrimp,



Chukchi |

chinstraps have been known to swim up to 100 miles (160 km) in a day. Their
main predator is the leopard seal.

Like the Adélie and emperor penguins, the chinstrap is one of the three truly
Antarctic penguins. But unlike the Adélie and emperor penguins, the chinstrap
penguin does not breed away from the Antarctic Peninsula. Similar to its cousins,
the chinstrap has evolved a highly developed defense system against cold tempera-
tures. Blubber provides insulation, and blood vessels in the feet and flippers aid in
the retention of body heat. The density of body feathering, second in the bird world
only to the emperor penguin, provides a watertight seal keeping the frigid waters
from coming into direct contact with skin. Although they do not breed in the slightly
warmer waters of the northern subantarctic region, beach-wrecked birds in heavy
molt have been found as far north as Tasmania and New Zealand.

The chinstrap has the dubious reputation of being the most pugnacious and ag-
gressive species in the penguin family. Despite their unique look, there are very few
depictions of this species in popular culture. An exception to this is the bizarre case
of Roy and Silo, two male chinstraps that improbably found themselves at the fore-
front of the culture wars during the early part of the new millennium. After form-
ing a pair bond at the Central Park Zoo in New York, these two males successfully
hatched and raised a chick from an egg placed in their exhibit. A 2005 children’s
book based on this episode, And Tango Makes Three, found itself subject to cen-
sorship and bans due to perceptions that the book served as a metaphor condoning
homosexuality and same-sex child rearing.

Andrew J. Howe

See also: Adélie Penguin; Emperor Penguin; Gentoo Penguin; King Penguin; Macaroni
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Chukchi

The Chukchi are an indigenous group inhabiting the Chukotka Autonomous Okrug
in the northeastern part of Russian Far East. It is a region with a severe climate with
winter temperatures dropping as low as —58°F (—50°C) and summer temperatures
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averaging around 50°F (10°C). The Chukchi population is approximately 16,000
with most (12,800) living in the territory of Chukotka. About 1,500 Chukchi live
in Kamchatka and 250 in the Magadan in the south, while 600-700 live in the
Nizhnekolymsk. Scattered minor groups live elsewhere, including Saint Peters-
burg, Russia.

Historically, the Chukchi population were nomads with a coastal population
called the Maritime Chukchi (self-designation anga’lit “coastal men”) and interior
Reindeer Chukchi (self-designation av ulat “reindeer men”). This division is due
to their means of subsistence. The coastal dwellers are whale and walrus hunters,
while those living on the tundra are reindeer nomads. They speak the same dialect
(although some lexical differences exist), intermarriage is common, and very few
cultural differences exist. The Maritime Chukchi are believed to be ancestors of
Chukchi who mixed and assimilated the Yup’ik hunters who earlier lived in the area.

The Chukchi came in contact with Russians in the early seventeenth century
when Cossacks and fur traders began to visit the area. A fortress and trading post
was founded at Nizhnekolymsk in 1644 and in Anadyrsk near their settlements
in 1649, but the natives had a wary approach toward the Russians, which mini-
mized contact. In the year 1700, the Chukchi numbered approximately 6,000. Rus-
sian Cossack units’ attempts to conquer the Chukchi-inhabited areas during the

Chukchi in traditional clothing leads with dog harness. [Shutterstock.com))
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eighteenth century met with fierce resistance. In a battle in the spring of 1747,
the Chukchi defeated a Cossack regiment headed by Dmitry Pavlutsky, who him-
self was killed. The Czarist administrative influence was therefore nominal for a
long time. Early written records of the Chukchi date back to 1716, when Ambj6rn
Molin, lieutenant in a Swedish cavalry regiment, traveled in their areas and reported
on their way of life. They are described in 1755 in a travelogue by the Russian ex-
plorer Stepan Krasheninnikov.

When whaling ships began to visit the area from the end of the eighteenth century
and onward, the contacts between the Chukchi and the outside world expanded.
Trade products were brought with these ships. Russian Orthodox missionary works
began in the early nineteenth century, which increased contacts. Ferdinand von
Wrangel, who had led a Russian expedition, reached their area in the 1820s and
provided some information about them to the other world. At the end of the 1870s,
the numbers of Maritime Chukchi were estimated at around 3,000 persons, distrib-
uted over a vast area from the Bering’s Strait to Cape Shelagsky, a stretch of almost
775 miles (1,250 km). When the Swedish Vega expedition had to stay a winter out-
side Pilgykey in 1878-1879, the crew was visited by neighboring Chukchi hunt-
ers. The scholars on board conducted a unique fieldwork among them during the
long winter stay, researching their language, material culture, and religion, and the
botanist F.R. Kjellman made a methodologically exemplary ethnobotanical field
survey. Their art, which was also studied, included traditional walrus ivory carved
works. Being in exile, ethnographer Vladimir Bogoraz was able to conduct in-depth
fieldwork over the next decade and collected rich ethnographical data. In 1900, he
was invited to join the Jessup North Pacific expedition, which made it possible for
him to continue the fieldwork. His results were published in four large volumes. In
the winter of 1919-1920, the Norwegian oceanographer Harald Sverdrup traveled
with Chukchi reindeer herders and later wrote a book about them.

Traditional Way of Life

To survive in this remote and harsh environment, the Maritime Chukchi were
almost exclusively dependent on hunting and fishing, especially the hunting of
marine mammals, such as bowhead whales, walruses, and seals. The polar bear was
also among their prey until 1956 until Soviet government banned its harvesting.
Whales and walruses were hunted in walrus-hide canoes. During the summer sea-
son, they also caught a lot of birds and gathered eggs on the cliffs. Chukchi fed and
still feed their dogs with walrus meat. Fish were used as a kind of supplementary
dog food, although they also caught cod for their own consumption. The endemic
freshwater small fish, Dallia delicatissima, found in small tarns in their settlement
area was regarded as a delicacy among the Chukchi. Observations in the late nine-
teenth century show that not only several kinds of seaweed were used as food, but
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also other plants and roots were gathered during the brief summer season and stored
fermented in bags. The coast dwellers also bartered food (among other things, algae
gathered in the wintertime) with their nomadic kinfolks, Reindeer Chukchi, in the
interior. The nomadic reindeer herders kept quite large herds and used dogs for
guarding the herds. In the early twentieth century, the wealthiest Chukchi owned
herds numbering between 3,000 and 5,000 animals. Those households with smaller
herds hunted some seals in the summer. The herds provided the Reindeer Chukchi
with most food, including the fresh or fermented stomach contents from newly
slaughtered reindeers. Their usual morning meal consisted of hot soup made from
the contents of reindeer stomachs. However, this dish seems to have become less
important after the introduction of tea. Bird-hunting also provided food for the
reindeer nomads.

The winter season lasted from 9 to 10 months. During the brief summer from
the end of June to September, hunting season is very active and provides most of
the game for the winter. Pacific walruses and polar bears were hunted with inge-
niously constructed spears, while seals were captured with large-mesh nets made
of walrus hide. The Chukchi lived all year-round in skin tents (yarangas), made
of walrus-hide and reindeer skins. The Maritime Chukchi used dogs as draft ani-
mals during spring hunting on the ice and traveling to their neighbors. The Chuk-
chi dogs were considered as good though slow draft animals, and were capable of
long-continued exertions.

Modern Way of Life

By the late 1920s, about 70 percent of the Chukchi were still nomads; however,
after 1929, they were collectivized under the Soviet Union and made to settle. In
the 1950s, the Chukchi’s ancestral land was used for gold, tin, tungsten, and coal
mining operations and oil discoveries threatening subsistence ways of life. The
atmospheric nuclear tests of the late 1950s and early 1960s on Novaya Zemlya and
the nuclear fallout affected also Chukotka and its inhabitants, who, for instance,
have an increased cancer mortality rate. Also, heavy metals have passed through the
food chain and are damaging the local populations that rely on subsistence foods.
The Chukchi have also had high prevalence of tuberculosis and cirrhosis. Climate
changes and the permafrost melting are a new threat toward the Chukchi way of life.

Whaling is still important for the Maritime Chukchi; they are allowed to harvest
a certain number of gray and bowhead whales each year under a five-year block
quota by the International Whaling Commission. Walruses and seals have an im-
portant role in their diet. Many traditional habits are still practiced, including food
habits, local religion, and lifestyles.

After the breakup of the Soviet Union, there has been an increased interest in
their area and in their lifestyle in the Arctic. Scholars from all over the world are
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coming to Chukotka, but there is also a growing tourist industry, which may be
beneficial for their future. Local museums with a lot of traditional Chukchi arti-
facts exist in Anadyr and in the Uelen village. Mining continues to be important to
the local economy. The large coal reserves of Chukotka are of interest for foreign
developers, such as China.

The Chukchi Language

The Chukchi belongs to the Chukchi-Kamchatkan group of Paleosiberian lan-
guages (related to Alutor, Itelmen, and Koryak languages) and is considered an
endangered language. The United Nations Educational, Scientific, and Cultural
Organization list the Chukchi language as severely endangered with 7,742 fluent
speakers. About one-third of the Chukchi speak their native language on a daily
basis, while the other half speaks Russian. Most Chukchi are at least bilingual; only
a few master only their native language, and these people are now in their 70s. An
interesting observation is the existence of Chukchi gender dialects: women’s lan-
guage differs from the Chukchi men’s variety in a number of ways. The Chukchi is
also used by the neighboring now-almost-assimilated Kerek people (only four left),
which were highly influenced by them. Also the reindeer-herding Chuvans living
within Chukotka speak the Chukchi language. During the international whaling era
from 1850 to around 1900, a Chukchi-English-Yup’ik-based pidgin was used in the
contacts between the ship crews and the natives.

The written language was created in 1932 at the Leningrad Institute of North-
ern Peoples, using the Latin alphabet. A few school textbooks were published. In
1937, the Latin script was replaced by a Cyrillic alphabet. Currently, there are radio
broadcasts in Chukchi, the regional newspaper Krainy Sever (“The Far North”)
has a page in Chukchi language, but the literature is still very sparse. There is an
increasing interest in the revival of the culture and use of language in all domains
of the local society.

With the breakdown of the Soviet Union, political mobilization also began
among the indigenous peoples of Siberia. Contemporary Chukchi are politically
quite active, and they also participate in several important international organiza-
tions, such as the International Whaling Commission, Alaska Eskimo Whaling
Commission, Eskimo Walrus Commission, and U.S.-Russian polar bear meetings.

Ingvar Svanberg
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Chukchi Sea

The Chukchi Sea is a marginal sea of the Arctic Ocean and is located between the
Beaufort (west) and East Siberian (east) Seas. It is named after the Chukchi peo-
ple from the Chukotka Peninsula, who have traditionally used the sea and coastal
regions for subsistence activities, such as hunting fur-bearing animals and marine
mammals (whales, walrus, etc.), and reindeer herding. The Chukchi Sea is an
ocean link between Siberian Rivers and ports in the Russian Far East, Canada, and
the United States. The shallow Chukchi Sea has a highly productive seafloor that
enables bottom-dwelling prey, such as fish, crustaceans, and mollusks, to thrive.
The abundance of prey attracts many predators, such as seabirds, gray whales,
walrus, and seals. The sea ice of the Chukchi Sea also provides denning area for
polar bears.

The Chukchi Sea is bordered to the west by the De Long Strait near Wrangel
Island (71° 14'N 179° 25'W), to the east by Point Barrow, Alaska (71° 23'N 156°
28'W), to the south by the northern limit of the Bering Sea (66° 33'N—the Arc-
tic Circle), and to the north the Arctic continental slope. The northern boundary is
sometimes determined as a line from the northernmost point of Wrangel Island to
Point Barrow, Alaska (71° 20'N 156° 20'W to 179° 30'W). The total area of the
Chukchi Sea is about 230,000 square miles (595,000 sq. km). The average depth
is about 250 ft. (77 m) with more than half the Chukchi being less than 160 ft.
(50 m) deep.

The Chukchi Sea is fed by the Pacific Ocean via the Bering Strait. There are
three main currents in the Chukchi Sea, which are the Bering Sea Water, the Alaska
Coastal, and Siberian Coastal Currents. The Bering Sea Water flows north and is
fed or comprises the Pacific Ocean and Anadyr River. This current exits the Chuk-
chi Sea via the Barrow Canyon, Central Channel, and Herald Canyon. The Alaska
Coastal Current flows just off the coast of Alaska. The Siberian Coastal Current
flows along the Siberian coast and is believed to exit into the innermost part of
the Chukchi Sea. During the summer and fall, the Siberian Coastal Current is no-
ticeable, while in the winter and spring, it is nonexistent or faint. The Chukchi is
navigable four months (July and October) of the year. The remaining months of
the year, the Chukchi is frozen. The flow or current of ice into the Chukchi moves
along the Siberian coast in a southeastward direction.
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Several rivers empty into the Chukchi Seas, such as the Amguema, Chegitun,
Kavalina, Kobuk, Kokolik, Noatak, Ulik, Utukok, and Yeni-Veyem Rivers. Kot-
zebue Sound and Kolyuchin Bay are the largest inlets. Compared with other mar-
ginal seas, the Chukchi has a limited number of islands. The major islands in the
Chukchi Sea are Herald, Kolyunshin, and Wrangel Islands. The main port of the
Chukchi is Uelen (66° 9'N 169° 48'W), Russia. The International Date Line (IDL)
generally runs along the 180th meridian, but it deviates in one place through the
Bering Strait into the Chukchi Sea. The IDL deviates eastward through Bering
Strait into the Chukchi Sea then deviates westward above the Wrangel Island back
to the 180th meridian.

Located off the Alaskan coast, the Hope Basin is the key geological characteristic
of the Chukchi seafloor. There are two submarine canyons, called the Herald and
Barrow, which cut across the seafloor of the Chukchi Sea. The Herald canyon is
about 295 ft. (90m) deep and starts around 70° N and continues northward roughly
along the 175° W meridian. Part of the Barrow Canyon is in the Chukchi Sea. The
Barrow Canyon starts out roughly west of Point Barrow, Alaska, runs parallel to
the Alaska coast in a northeastward direction, and then enters the Beaufort Sea just
north of Point Barrow. The depth of the Barrow Canyon ranges from around 160
to 330 ft. (50-100 m) deep.

Andrew J. Hund

See also: Arctic Basin; Arctic Ocean; Barents Sea; Beaufort Sea; Chukchi; East Siberian
Sea; Kara Sea; Laptev Sea
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Climate, Long-Range Investigation, Mapping,
and Prediction (CLIMAP) Project

CLIMAP project was established in 1971 and ended in 1981. The project coincided
with the International Decade of Ocean Exploration and was funded by the National
Science Foundation. The objective of the CLIMAP research project was to deter-
mine ocean-ice—atmosphere factors that contributed to the global climatic changes
from the past million years. The data collected for the study were fossil abundance
from the seafloor sediment cores to create a climatological map of the earth during
the Last Glacial Maximum (LGM) or approximately 18,000 years ago.

The original members of the CLIMAP project consisted of researchers from
Oregon State University, the Lamont Doherty Geological Observatory, Columbia
University, and Brown University. The focus of the original group was to study
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climate change that resulted from the most recent cooling period of 18,000 years
ago in Antarctica, North Atlantic, and North Pacific. The researchers sought to re-
construct the sea-surface conditions and temperatures of the planet during the LGM
and develop seasonal maps to understand the oceans response to the cooling pe-
riod. Maps of vegetative zones across continents were also developed. Collectively,
more than 100 researchers participated in the project. The scientists were focused
on the origins of ice ages and how the planet responded to them. They believed that
understanding the processes related to an ice age could possibly provide insight into
predicting future climate changes.

The data collected during the project primarily focused on the LGM between
18,000 and 21,000 years ago and also included samples from the interglacial pe-
riod dating back to 120,000 years ago. The CLIMAP data consist of 635 sediment
cores that include micropaleontology files on geochemistry, plankton in marine
sediments, rock and sediment layers (stratigraphy), microscopic skeletal plate of
calcite that makes a protective cover over a number of ocean phytoplankton that
are in a fossilized state (coccoliths), and ameba-like single-celled aquatic animals
(radiolarian).

CLIMAP made several advances for the scientific community, such as the re-
construction of the earth’s climate 18,000 years ago and provided estimates for
how much the planet cooled since then. CLIMAP also provided a model by which
to date ocean sediments. Modern scientists using climate models have not been
able to replicate findings from the CLIMAP project. For example, modern climate
models result in regions having lower temperatures than the CLIMAP project data
revealed. The difference in findings between current climate studies and the CLI-
MAP project continues to provoke discussion among scientific circles. Resolution
to the debate may require undertaking a resampling of the Pacific Ocean.

Andrew J. Hund

See also: Climate Change and Invasive Species in the Arctic; Climate Change and Perma-
frost; Climate Change in the Arctic
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Climate Change and Invasive Species in the Arctic

Invasive species are known to cause vast ecological and economic damage.
In the Arctic, a short growing season and low temperatures currently restrict
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establishment, growth, and reproduction of most invasive or nonnative species.
Climate change is expected to increase potential habitat for invasive species. Inva-
sions can displace native plant and wildlife populations, reduce habitat quality, and
change ecosystem functions. Introduction pathways to Arctic regions have been
deliberate or incidental. Predicting where species are likely to occur improves abil-
ity to plan prevention and treatment options.

Nonnative plant species compose less than 10 percent of the flora in the Arctic
and are almost entirely restricted to disturbed areas near human habitation. Most
are common nonnatives in low densities with limited invasive properties and are
not currently considered to be a major threat to the ecology of the tundra biome.
Approximately 20 nonnative vascular plant species are inventoried in the Arc-
tic in the statewide Alaska Exotic Plant Information Clearinghouse, representing
nine families. Species include a number of grasses, such as meadow foxtail (Alope-
curus pratensis L.), smooth brome (Bromus inermis L.), and quack grass (Elymus
repens [L.] Gould). Other species include forbs like lambs quarters (Chenopodium
album L.), shepherd’s purse (Capsella bursa-pastoris [L.] Medik.), white sweet
clover (Melilotus alba Medikus), and bird vetch (Vicia cracca L. ssp. cracca). Dis-
tribution is mainly along the Dalton Highway (Haul Road) connecting Fairbanks
to Prudhoe Bay, within villages, and along established trails and tracks.

Growing degree-days are increasing in the Arctic, and the total number of species
is projected to increase. Nonnative species are currently a small component of the
diversity and biomass of the region, but rising temperatures, increasing propagule
pressure, and higher levels of disturbance may increase the proportion. Nonnative
plant richness is higher in settlements with higher total temperature by growing
degree-days, suggesting that a warming climate will facilitate establishment of new
populations or an increased expansion of existing invasive populations.

Several factors contribute to higher invasion vulnerability in a warmer climate.
Fire regime changes may result in large-scale wildfire, opening larger areas of bare
ground to invasion. Increased insect and disease may affect native plant commu-
nities, causing niche gaps. Water may be more available as permafrost melts, and
the active soil layer increases in depth, favoring invasive plants over low-water-
adapted native tundra plants. Most significantly, higher rates of shipping, trade,
traffic, and use of the Arctic region by humans will increase propagule pressure
and cause repeated introductions. Existing known populations may expand as es-
tablished species respond to slight increases in temperature.

Limitations to invasive species establishment in the Arctic include the climate
itself, with low temperatures, limited growing degree-days, low moisture availabil-
ity, and a short growing season. Competition from native plants, which often form
a thick mat, may prevent establishment. Shrub abundance increases may reduce the
amount of bare ground available. Many native plants have a large ecological am-
plitude, or tolerance to a wide range of environmental conditions, causing plastic
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(variable) growth forms. Native plants can better withstand harsh conditions by
changing structure and function, improving competitive ability. The harsh climate
may also drive the development of new genotypes (genetically different types),
polyploids (plants with multiple copies of chromosomes), and genetically transient
phenotypes (plastic growth forms), allowing adaptations to compete with invaders.

Large-scale ecological impacts may include changes in hydrology and drainage
patterns, reductions in wildlife forage, or changes in pollination regimes leading
to decreases in native berry production or other subsistence products. Fire regimes
may change if large-scale infestations like quack grass become established. Eco-
nomic impacts may be less direct or immediate, but are possible with aquatic in-
vaders like elodea in waterways, restricting transportation. The European elodea
species has been documented in Alaska and Canada, and the North American spe-
cies in Europe, as an example of panarctic species transport.

Higher invasive diversity occurs in areas with a long settlement history and
more extensive livestock use. Remote homestead sites, canneries, salteries, and
whaling stations often had gardens and trees planted. Sites with warm microcli-
mates, such as hot spring areas, can support more nonnative species than sur-
rounding areas. Deliberate introductions have included lawn grass, ornamental
flowers, vegetables and other crops, experimental gardens, and bank and road-
side stabilization efforts. Incidental introductions have occurred through packing
straw, other packing material, animal feed, potted plants, and crates that contain
seeds, plant parts, live seedling, or insects and disease pathogens. Distribution to
remote sites is facilitated by boat and aircraft use, or on transported gear. Natural
distribution can occur with seeds or plant parts transported by wind, bird drop-
pings, wildlife, rivers, or across sea ice or on ocean currents. Invasive marine
species are brought in on shipping traffic, through ballast water exchanges and
hull fouling organisms.

Range map scenarios spatially illustrate where species can occur in today’s cli-
mate and where they can spread in future climates. Habitat shifts occur in response
to climate change sensitivity, mobility, lifespan, and availability of suitable abiotic
factors. Predictive range maps of current and potential future habitats depict inva-
sive species ranges that exceed current known distributions, although most invasive
species have limited habitat potential in the Arctic. Improved climate models and
projections may enhance predictive modeling, leading to better predictions. Antici-
pating change facilitates adaptive management decisions on prevention and control
options for invasions that may occur in the Arctic, to prevent future ecological or
economic impacts.

Elizabeth Bella

See also: Arctic Botany; Arctic Shrub Range Expansion; Climate Change and Permafrost;
Climate Change in the Arctic
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Climate Change and Permafrost

Permafrost is estimated to contain approximately 1,800 billion tons of carbon
(1.8 Pg), which is twice the amount contained in the earth’s atmosphere. Perma-
frost covers approximately 8.8 million square miles (23 million sq. km) or about
25 percent of the earth’s land surface. In some places, permafrost can be more
than 0.5 mile (1 km) deep and up to 500,000 years old. Thus, permafrost repre-
sents a major pool of carbon and could play an important role in global warming
as Arctic temperatures increase. While it is known that permafrost characteristics
differ across the Arctic in terms of depth, soil type, hydrology, and vegetation,
it is not clearly understood what the impact of a warming Arctic will be. Future
uncertainty is compounded by the fact that the majority of scientific study has
taken place in the Alaskan Arctic, despite the bulk of the earth’s permafrost being
located in Siberia.

According to climate models, permafrost now and in the past has acted as a car-
bon sink, with more carbon taken in from the atmosphere through photosynthesis
during the short Arctic growing season that is emitted through decomposition and
respiration throughout the year. This can be observed in permafrost deposits, which
commonly contain deeply buried plant remains that are tens of thousands of years
old, but appear to be relatively fresh and not decayed. As climate warms, permafrost
will thaw and become dryer, which will expose previously frozen organic material
to sunlight and bacterial action, enhancing respiration and decomposition. This will
have the effect of converting permafrost carbon to the greenhouse gases carbon di-
oxide and methane, promoting global warming. This is a positive feedback process
in which warmer climate will lead to thawing permafrost, which in turn will lead
to increasing greenhouse gases and even warmer climate. However, it also must be
considered that a warming climate will produce a longer growing season, increas-
ing photosynthesis. The overall carbon balance in a warming tundra is not well
understood at this time, but current research warns that Arctic ecosystems could
shift from being a carbon sink to being carbon-neutral, or even becoming a carbon
source depending on the amount of warming that occurs.
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Concern over the thawing of permafrost is especially acute because temperature
increases in the Arctic over the past 100 years have been greater than any other
area of the planet, with some parts of the Arctic experiencing more than twice as
much warming as the global average. Borehole studies have observed that perma-
frost temperatures at 65 ft. (20 m) depth have increased 36—37°F (2-3°C) in the
past two decades. Because of the large quantity of carbon locked up in permafrost
and the prospect of even more extreme warming in the future, “carbon dioxide and
methane emissions from thawing permafrost and warming wetlands of the Arctic
have been referred to as a carbon bomb, and there is compelling evidence that the
fuse is burning now” (Hansen 2004).

Estimates of future permafrost thawing vary and depend on the extent of fu-
ture warming. Scientists assuming a high warming scenario of 36.5°F (2.5°C) by
the year 2040 and 45.5°F (7.5°C) by 2100 estimated that 9—15 percent of the top
10 ft. (3 m) of permafrost will thaw by 2040 and that 47-61 percent will thaw by
2100. The estimated carbon release from this degradation would be 30 billion to
63 billion tons of carbon by 2040, reaching 232 billion to 380 billion tons by 2100.
Predictions of Arctic permafrost degradation by 2100 ranging will be from 40 to
90 percent. Although the projections vary widely on the exact amount of thaw,
there is agreement that the areal extent of permafrost will decrease and the active
layer will deepen, leading to increasing production of carbon dioxide and methane.

In addition to releasing previously stored carbon, the melting of permafrost
changes the physical landscape of the tundra. Warmer temperatures create taliks, a
layer of unfrozen soil above the permafrost but below the seasonally frozen surface
soil layer. Warming also leads to increased development of thermokarst features,
which are local landslides, sinkholes, and other soil collapse due to the melting
of ice and subsequent drainage of soil water from permafrost. Thermokarst lakes
(or thaw lakes) are shallow water bodies formed by melting and are increasing in
some areas.

While warming temperatures lead to melting soil ice and wetter conditions in
some areas, they can also increase evaporation rates and result in drying tundra.
A drying tundra can lead to increased microbial action, promoting the conver-
sion of permafrost carbon to carbon dioxide and methane, and also causing wild-
fires. The 2007 Anaktuvuk River fire burned across more than 385 square miles
(1,000 sq. km), which was more than twice the extent of wildfire in the Alaskan
tundra in the past 50 years. Both fire and increasing microbial respiration transfer
carbon from permafrost to the atmosphere, creating climate feedbacks that will
promote future warming.

Yet another impact of warming climate is a biome shift, with the boreal forest
biome moving north and the southern boundary of the tundra shifting northward,
decreasing its overall size. Recent research suggests that the way in which this shift
may take place is poorly understood, but analysis of satellite imagery indicates that
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the transition may not be a smooth process and instead may proceed abruptly, with
unknown impact on biotic communities within the transition zones.
Bruce Taterka

See also: Climate Change and Invasive Species in the Arctic; Climate Change in the Arctic;
Environmental Concerns, Arctic Mining Operations
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Climate Change in the Arctic

Climate has continuously changed throughout the past millennia and been altered
by the planetary system and associated cycles. Coupled with plate tectonics and
other factors, climate has shaped the Arctic dramatically: on land, at sea, in the
atmosphere, and on the ground. This had widespread global effects on the setup
of tropical rainforests, ocean currents, the cryosphere, and the atmosphere. As a
consequence, at different times throughout the earth’s history, not only dinosaurs
and tropical species lived in what is now referred to as the Arctic, but they also
disappeared (winked out) again locally and on a broader scale. However, man-made
climate change puts a different spin on the natural climate change now.

While climate cycles and earth processes are still ongoing, the human population
has increased dramatically during the past 100 years and so has the global consump-
tion of products and goods in the past 50 plus years. A major driver of this devel-
opment was the industrial revolution, which triggered one of the biggest changes
known for the globe since humans have been wandering the earth. These changes
include intense use of natural resources, exploration, and extraction of fossil fuels,
with subsequent contamination and pollution of the atmosphere as well as asso-
ciated habitat changes. Through intensive use and burning of fossil fuels as well
as deforestation, vast amounts of greenhouse gases (GHGs) are released into the
atmosphere. Among other contributors, this leads to the greenhouse effect, which
subsequently changes climate patterns and is known as climate change. Moreover,
most GHG emissions have increased with economic growth and human activities,
according to the IPCC 2007.
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The view of Alaska’s Muir Glacier in 1892. (Glacier Photograph Collection)

Due to the large scale of the human undertaking, humans have modified the en-
tire globe, and this human footprint spans from the Arctic to the Antarctic, into the
atmosphere, and well into the soil. Human effort and its related policies and proce-
dures, such as unabated economic growth, and as promoted by global institutions
like the World Bank, the World Trade Organization, and enforced by the United
Nations Environmental Program have not changed things for the better. They in-
dulge neoclassical economic policies, which are not adequate for the current time
and for the well-being of the Arctic.

With such a situation, the earth and its atmosphere were overcommitted and are
being pushed beyond their carrying capacity. Earth system processes and ecological
services such as the global maintenance of weather patterns, related farming pro-
ductivity, or wilderness areas were significantly compromised. While the global
warming trend is clear, in the Arctic, the picture of climate change is still complex
and extends far beyond the acknowledged and widely promoted loss of sea ice
during the summer with record lows in 2007. Wang and Overland (2009) theorize
that the Arctic could become entirely free of summer sea ice by 2050. This loss of
sea ice together with other substantial changes in the cryosphere threatens entire
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The view of Alaska’s Muir Glacier in 2004. (Glacier Photograph Collection)

ecosystems and species habitats related to the Arctic, polar regions, and beyond.
While the process of melting sea ice and glaciers in its entirety is rather complex,
the overall outcome follows common sense (ice melts when warming). But the
implications for the globe and humans are still hard to grasp. Ethically, climate
change becomes a dilemma for native peoples living in the endangered regions,
possibly creating climate change refugees or environmental migrants, due to the
thawing permafrost, coastal erosion, melting glaciers, and melting pole caps. All
these conditions are caused by elevated carbon level due to burning of fossil fuel.
With such a fundamental decay of Arctic ecosystems, all the species, food webs,
and ecological processes suffer as well. The Arctic is not able to continue to func-
tion well as the cooling chamber and climate driver for the earth (which maintains
the balance between cold and warm systems that we know and evolved upon),
and as we are used to.

With Arctic climate change, many administrative efforts have to be modi-
fied, such as building overarching Ministries of Climate Change. New feder-
ated governance structures need to be found. The current process of listing a
few endangered species will have to change toward a massive administrative
effort trying to maintain thousands of endangered species at huge costs (e.g.,
we currently lack Arctic Zoos and such an expertise). While ex sifu storage of
polar DNA in a single global institution is interesting to some people, as done in
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Svalbard/Norway, it is not the same as having polar species alive in their wilder-
ness setting. The earth as we know cannot be maintained from the lab and in the
lab by humans. By now, the human race has proven to be rather bad at governing
the Arctic, and it has to improve significantly in the future. While the Arctic eco-
system is heavily affected by climate change, no relevant proactive or achieving
management has yet been established. For times to come, the Arctic makes for one
of the most endangered habitats, with its fragile species, yet lacks a valid manage-
ment scheme.

The notion that economy plays a big role in climate change can easily be seen by
the fact that Arctic air quality loss is fueled from the outside (e.g., with international
industrial centers such as the United States [east coast and west coast], Europe, and
Asia [Asian Brown Cloud, black carbon]). Other circumpolar air quality issues are
driven by the Norilsk smelter in Russia, which increases environmental contami-
nation as Russia’s economy is growing and with a high throughput. Despite these
ongoing troubles with the North, lobbies are quick to exploit this situation. The in-
creasing temperatures and retreat of sea ice allow for Arctic shipping routes, which
make old dreams come true: a faster alternative for the Panama Canal, connecting
Europe, Africa, and eastern North America with ports in China, Singapore, Japan,
and Russia. Even more opportunities like a shipping route circling the entire Arc-
tic may become possible in the foreseeable future. While this sounds tempting for
economic reasons, it brings with it a wide variety of problems and impacts, start-
ing with geopolitics and policing questions of the now open Arctic and extending
to oil spill and safety issues, port and airport enlargements, and invasive species
problems. Where do the unresolved problems end while the earth warms more and
human population grows to 9 billion people till 2100, without any means to curb
the man-made climate impact?

Climate change has resulted in species ranges shifting north, with some spe-
cies being called “winners.” But in reality, they are actually just removed from
their natural niche and mostly consist of invasive species groups like weeds and
diseases (parasites and rabies make for a classic representation of such win-
ners). The risk of avian influenza and mosquito (vector-borne) illnesses might
also increase.

Now, where does the Arctic go in times of climate change? Arguably, the next
15 years will be unlikely to see a relevant change of the ongoing situation, judging
by the development and inertia of the recent past. The Kyoto protocol was insuffi-
ciently designed to start out with and has repeatedly missed its targets already (e.g.,
at the Copenhagen and at the Cancun meetings); nations like Canada promote its
abandonment now. China, India, North America, and Europe make no relevant ef-
fort to reduce the consumption of goods either, and with a steadily growing world
population, this consumption will not be likely to slow down any time soon, nor
can carbon emissions be reduced much.
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Like never before, a sustainable Arctic governance remains the core problem.
No measure or policy has been successful so far in bringing the environmental
destruction in Arctic ecosystems to a halt. The latest example indicating no posi-
tive change can be seen in the development of Canada’s north: On December 4,
2012, Canada had 2.5 million protected rivers and lakes; just one day later, on De-
cember 5, 2012, only 82 protected rivers and lakes were left due to a new policy
declaration. Overall, it appears that a fundamental change of command and insti-
tutional structure is required now to save the last bits and pieces of the Arctic, and
the globe. While this sounds dramatic, the near future will decide whether we see
a soft and proactive change or whether we experience an avoidable hard crash of
mother earth as we know it.

Falk Huettmann and Moritz Schmid

See also: Climate Change and Invasive Species in the Arctic; Climate Change and Perma-
frost; Environmental Concerns, Arctic Mining Operations
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Coastal Erosion

A considerable risk posed to the coastal-living Inuit is erosion. For many years, the
Intergovernmental Panel on Climate Change has noted the risks of coastal erosion
due to the combined climate change effects of melting sea ice, permafrost thaw,
storm surges, and waves. In the Arctic, there is evidence that the coastline has been
retreating exponentially due to erosion for the past 50 years. The average rate of
coastline erosion from the years 1955 to 1979 was calculated to be 22.31 ft. per/year
(6.8 m/year), but from years 2002 to 2007, the average rate of coastline erosion was
44.62 ft. per/year (13.6 m/year), and from years 2007 to 2008, the average rate of
coastal erosion was 82.02 ft. per/year (25 m/year). The Inuit, Inupiat, and Yup’ik
villages of Tuktoyaktuk (Canada), Pangnirtung (Baffin Island, Nunavut), Newtok
(Alaska), and Shishmaref (Alaska) have experienced the effects of increased coastal
erosion. The increasing effects of coastal erosion will result in relocation and aban-
donment of Inuit homes and villages and may create climate change refugees.
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Tuktoyaktuk, a predominantly Inuit city in Canada, borders the Beafort Sea. (Timothy

Epp{Dreamstime.com)

In Canada, there are several areas experiencing coastal/shoreline erosion due
to climate change. Tuktoyaktuk, a low-lying port city off the Beaufort Sea, with a
mostly Inuit population of 860, is one such area. Factors that make Tuktoyaktuk
particularly vulnerable to coastal erosion include thawing permafrost, storm surges,
and decreased extent and duration of sea ice. Mitigation efforts to protect Tuk-
toyaktuk’s shoreline have not withstood the effects of storm surges and waves.
Without effective mitigation efforts, it is anticipated that Tuktoyaktuk will eventu-
ally have to be evacuated. The Inuit village of Pangnirtung in Nunavut is also ex-
periencing coastal erosion along with other effects associated with climate change
such as changes in wind patterns, seasonal changes, and ice trends. In several
coastal Alaskan villages, raising temperatures due to climate change are causing a
reduction in winter sea ice and the melting of permafrost. The loss of these natural
protective coastal barriers results in further coastal erosion. Invariably, the effects
of climate change including coastal erosion will have the most immediate impact
on those who living near the coastline and practice a traditional subsistence liveli-
hood. Unfortunately, these persons will need to evacuate and relocate their homes.

Shishmaref, an Inupiat village, on the Alaskan island of Sarichef is home to
approximately 560 inhabitants and has been experiencing significant coastal ero-
sion since early 2000s. Shishmaref is now facing the prospect of evacuation and
relocation. The cost of the relocation project is estimated at $180 million. Newtok,
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an Alaskan city with a population of approximately 340 predominately Yup’ik in-
habitants, has been experiencing serious erosion problems due to thawing perma-
frost, storm surges, and decreased extent and duration of sea ice coupled with the
Ninglick River eroding the shoreline. The erosion crisis has resulted in plans to
move the village nine miles away at an estimated cost of $130 million. Kivalina, a
coastal village located approximately 130 miles (210 km) north of Shishmaref, is
also facing the prospect of evacuation and relocation. The projected cost to move
the three Alaskan villages of Newtok, Kivalina, and Shishmaref is $450 million.
The U.S. Army Corps of Engineers is attempting to mitigate the effects of ero-
sion by building rock walls along the coasts of Shishmaref, Unalakleet, and Kiva-
lina. The $41 million project is not a solution to the problem but is hoped to allow
more time for relocation efforts. In 2003, the Government Accountability Office
claimed that 86 percent or 184 out of 213 Alaskan Native villages are susceptible
to flooding and erosion. The U.S. Army Corps of Engineers has projected that
there are 26 additional Alaskan villages in immediate danger of significant erosion
with another 60 more villages being added in the next decade. The estimated fu-
ture costs associated with protecting Inuit, their lands, and livelihood in the Arctic
will be substantial.
Andrew J. Hund

See also: Inuit Lawsuits over Climate Change
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Colville River

The Colville River is located above the Arctic Circle. It is named after Edward
Colville Griffith (1858-1914), who was responsible for surveying the area before
the U.S. purchase of Alaska in 1867. It is on the northern side of the Brooks Range
and drains most north-flowing rivers of the western Brooks Range into the Arctic
Ocean. The Colville River is around 350 miles (560 km) in length. The course of
the Colville is starts in the western side of the Brooks Range in the De Long Moun-
tain area and in the southwest corner of the National Petroleum Reserve—Alaska
(NPR-A). At its headwaters, the Colville River flows north and then travels east
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along the foothills of the Brooks Range. On its journey east, the Colville River
runs parallel with the southeastern border of the NPR-A. The Colville River and
its Brooks Range major tributaries of the Etivluk, Killik, Chandler, Anaktuvuk,
and Itkillik Rivers are northern Alaska’s major drainage system. At the native vil-
lage of Umiat (69° 22'N 152° 08'W), the Colville again heads north, flows across
a board tundra delta near the village of Nuigsut (70° 12'N 151° W), and empties
into the Arctic Ocean.

In 1977, the Colville River was the first of four areas in the NPR to be desig-
nated a special area. In 1999, the tributaries of Kikiakrorak and Kogosukruk Riv-
ers were added as well as a 2-mile buffer zone on each side of the Colville River
were added to the Colville River Special Area (CRSA). The Colville River and the
tributaries are more than 300 miles in length and around 2.44 million acres. The
CRSA is managed by the Bureau of Land Management. There are a several loca-
tions with collections of dinosaur and other fossils, dating back to the Cretaceous
(145-166 mya). The CRSA is a critical nesting area for approximately 25 percent
of Peregrine Falcon population in Alaska. The Colville River has unexploited oil
and natural gas deposits. There are more than 20 year-round resident fish species
in the Colville River.

Andrew J. Hund

See also: Indigirka and Kolyma Rivers; Khatanga, Lena, and Yana Rivers; Mackenzie
River; Ob, Pechora, and Yenisey Rivers; Yukon River
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Common Raven

The common raven (Corvus corax), easily recognizable with its entirely black
plumage and heavy bill, is a well-known bird in the circumpolar folk ornithology.
It has coexisted with human beings since the dawn of humanity and played a sig-
nificant role in religious traditions and local lore everywhere. This large member of
the family Corvidae is an important being as a creator, bringer of culture, trickster
figure, or a dangerous bird of omen in folk beliefs and myths all over the Northern
Hemisphere.

The raven has a wide geographical distribution. It is actually the most widespread
species within the Corvidae family, and it is to be found all over Eurasia, North
Africa, and North America (although it is nowadays eradicated in many areas),
and several subspecies (7-11) are recognized. The nominate form is found in the
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Ravens are considered to be one of the smartest birds. (Shutterstock.com)

western Eurasia; Corvus corax varius resides in the Faroes and Iceland; the some-
what larger Corvus corax kamtschaticus in eastern Siberia and Kamchatka; and
the largest subspecies Corvus corax principalis is distributed in eastern Alaska,
Canada south to Oregon and Washington, and the coastal areas of Greenland. Fur-
ther subspecies are found more south. Recent molecular—genetic investigations
have shown that the common raven falls into two clades: a California one, which
is found in the southwestern United States, and a Holarctic clade, distributed across
the rest of the Northern Hemisphere. Although the birds from the two clades look
alike, they are genetically distinct and began to diverge from each other about 2
mya. Existence of both clades in western North America suggests that the com-
mon raven may have colonized North America at least twice. A genetically distinct
population also exists on the Canary Islands. In the Faroe Islands, an interesting
black-and-white color morph existed earlier, locally known as hvitravnur “white
raven.” However, due to overhunting caused by a compulsory beak tax and demand
on the museum trade in the nineteenth century, it is now extinct.

Ravens are extreme opportunistic generalist foragers and find nutrients in many
different ways and of any kind, including food waste and carrion. In medieval Eu-
ropean cities, it was a common scavenger. Even dead human bodies were left on the
battlefield for the ravens as food. The same applies to the dead at execution sites.
It was known as Galgvogel (“gallows bird”) in medieval German. As a scavenger,
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it therefore has a bad reputation in many
parts of Eurasia. They easily locate
other predators’ carcasses from the air,
but they also eat berries, insects, small
mammals, cereals, and food among gar-
bage at human settings. They can kill
smaller mammals themselves and are
regarded as predators, disliked by, for
instance, some Sdmi reindeer herders
and Faroese shepherds. It is still very
disputed whether the birds actually can
kill larger mammals or whether they just
eat calves and lambs killed by fatalities.

In the wild, ravens have longevity of
about 15-21 years, but life expectancy
of up to almost 80 years has been re-
corded in captivity. Young birds often
live in small flocks, but later in life,
they form lifelong pairs. Each pair is
defending a territory. They built their
enormous nest on cliffs or in high trees
© Andrew Jon Hund far away from other pairs. Both par-
ents take care of the chicks, usually
four to seven in number, for almost
six months.

It seems to have been a widespread practice all over the Northern Hemisphere to
keep ravens as pet birds. It was easily tamed and could be taught to imitate human
voices. This is described already from Roman times. In the Tower of London, the
famous ravens have been kept in captivity for centuries still playing a prominent
role in the national ideology of the country. It is also kept in many zoological gar-
dens all over the Northern Hemisphere and breeds easily in captivity. Skansen Zoo
in Stockholm was among the pioneers in breeding the raven in captivity in 1909.

People in the subarctic regions usually have a positive view of the raven. It
appears as a major figure in the tales and creation myths of various circumpolar
people, including the Sdmi, Inuit, Yup’ik, Tlingit, Alutiiq, Na-Dene (Eyak, Koyu-
kon, and Tlicho), Algonquian, and various Siberian indigenous people like the
Sacha, Chukchi, Koryak, and Ainu. It also played an important role in the life of
Norse people who settled in Greenland, Iceland, and the Faroes. Raven is associ-
ated with prophecy and magical flight in many areas. According to the French an-
thropologist Claude Lévi-Strauss, the raven obtained its mythical status because it
was a mediator animal between life and death. Raven has been hunted for several

Raven on totem. (Andrew J. Hund)
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reasons all over Eurasia and North America, and some people have even used the
meat for food.
Ingvar Svanberg

See also: Arctic Loon; Arctic Seabirds; Arctic Skua; Arctic Tern; Gyrfalcon; Lapland Long-
spur; Red-Throated Loon; Snow Bunting; Snow Goose; Snowy Owl; Sooty Albatross;
Wandering Albatross
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Continental Shelf Claims in the Arctic

No country owns the North Pole or the Arctic Ocean region. The five coastal states
of Canada, Denmark (Greenland), Norway, the Russian Federation, and the United
States (Alaska) have been granted the management, jurisdiction, and governance
over the Arctic Ocean under the United Nations Convention on the Law of the Sea
(UNCLOS). This international agreement establishes exclusive economic zones
(EFZs) that grants development rights over all natural resources in territorial waters
and out to 200 nautical miles (230 miles; 370 km) including living resources. A claim
to a continental shelf can include a natural prolongation or seabed that extends
beyond the 200 nautical miles, but not further than 350 nautical miles (400 miles;
650 km). This provision allows the coastal states to have exclusive rights to and the
harvesting of mineral resources to the end of the natural prolongation, but not exclu-
sive rights over living resources beyond the limit of EEZ 200 nautical miles. UNCLOS
does not establish the ownership of North Pole or the Arctic Ocean region, just juris-
diction authority over coastal states and mineral resources on the continental shelf.

UNCLOS treaty allowed coastal states 10 years from their date of ratification
to extend their claim to the continental shelf. Four of the Arctic coastal states have
ratified the treaty (i.e., Norway in 1996, Russia in 1997, Canada in 2003, and Den-
mark in 2004) with the United States holding out. Members of the U.S. Congress
are reluctant to ratify the treaty because Part XI is viewed as being against national
security interests and is economically disadvantageous to U.S. companies. The
U.S. non-ratification has resulted in claims extending the continental shelf being
undecided. When a coastal country makes a claim (deemed valid by the United
Nations) to the continental shelf, they are granted exclusive rights to the seafloor
and the resources held below.
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Kennedy Channel old illustration, Arctic Sea passage between Greenland and Ellesmere
Island. Created by Noel after Kane, published on Le Tour du Monde, Paris, 1860.

[Shutterstock.com)

Canada

Canada ratified the UNCLOS in 2003 and has until 2013 to construct its extended
continental shelf claim. As of December 2013, Canada has submitted an official
claim with the United Nations Commission on the Limits of the Continental
Shelf to extend its continental shelf. Since 2007, the Canada government has
been active in asserting its control over Arctic waters by building a new military
training center at Resolute Bay (74° 41'N 94° 49'W) and renovating a deepwater
port at Nanisivik (73° 02'N 84° 32'W). The Canadian government also dispatched
eight Arctic patrol ships to the area. Nanisivik was a former mining site. Resolute
Bay is the second northernmost Canada Arctic town (the most northern inhabited
town is Grise Fiord) and the coldest inhabited place on the planet with an average
annual temperature of 2.5°F (—16.4°C). The Canadian government’s renewed
interest in the Arctic was in response to the Russian North Pole expedition Ark-
tika 2007. The Arktika 2007 expedition explored the seafloor near the North
Pole, collected flora and fauna samples, and deposited a Russian flag encased in
a titanium tube.

The Canadian government contends that the Lomonosov Ridge is an extension
of Ellesmere Island of the Canadian Arctic Archipelago. The Lomonosov Ridge
is an unusual geologic structure that is around 35-200 miles (60-200 km) wide
and stretches around 1,100 miles (1,800 km) from roughly Ellesmere Island of the
Canadian Arctic Archipelago to the New Siberian Islands located between the be-
tween the East Siberian Sea and Laptev Sea and north of the East Siberian coast.
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Most of the Lomonosov Ridge rises about 10,000-12,000 ft. (3,300-3,700 m)
above the seafloor. The Lomonosov Ridge at its most shallow area or the closest it
comes to the ocean surface is around 3,000 ft. (950 m).

Denmark

Denmark ratified the UNCLOS in 2004 and has time until 2014 to construct its
extended continental shelf claim. Presently, the continental shelf claims made
by Denmark include the Danish straits and the Danish portion of the sound. The
straits include Great Belt, the strait between the main Danish islands of Zealand
(§jeelland) and Funen (Fyn) Islands; a strait between Jutland and Funen (Fyn)
called the Little Belt; and the Danish portion of the sound that was established
under the Copenhagen Treaty of 1857. Under the Copenhagen Treaty, these are
legally Danish waters. Greenland, a Danish province, is the location closest to the
North Pole. The Denmark government contends that the Lomonosov Ridge is an
extension of Greenland. In 2006, the Danish and Canadian governments coopera-
tively worked with the project called “Lomonosov Ridge Test of Appurtenance”
or LORITA-1 for short. The focus of the research was to collect bathymetric,
seismic, and gravity data to substantiate respective claims to the Lomonosov
Ridge. During the International Polar Year (2006-2007), the Danish government
along with scientists from multiple countries conducted a joint research project
called “Lomonosov Ridge off Greenland” (LOMROG). To collect the data for
UNCLOS continental shelf, the LOMROG project used the Swedish Icebreaker
Oden and the Russian nuclear icebreaker NS 50 Let Pobedy. Additional studies
have been conducted called LOMROG II in 2009 and LOMROG III in 2012.
LOMROG 1II collected bathymetric, gravimetric, seismic, oceanographic, and
rock sample data.

Norway

Norway ratified the UNCLOS in 1996 and had time until 2006 to construct its
extended continental shelf claim. In 2006, Norway officially submitted their
UNCLOS claim under article 76, paragraph 8, in accordance with the UNCLOS.
The Norway claim presented their reasoning for extending the Norwegian seabed
claim beyond the EEZ of 200 nautical miles into three areas. The three areas are
in the Barents Sea called the “Loophole,” the Norwegian Sea called the “Banana
Hole,” and the Western Nansen Basin in the Arctic Ocean.

The Barents Sea Loophole is a gap between Norway and Russian EEZs. It is also
a gap between Svalbard and the Russian economic zones and is not a protected or
managed fishery. It is a high seas or international waters. The area is around 24,000
square miles (67,100 sq km). Under the EEZ, the living resources beyond the
200 nautical miles are not included in coastal state jurisdiction. Thus, the Barents
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Sea Loophole is an area that lacked fishery protection and management. In 1999,
the countries of Norway, Iceland, and Russia signed the “Loophole Agreement,”
which resolved the dispute over nonregulated fishing in the loophole. The agree-
ment granted Iceland fishing rights in the Norway and Russia EEZ waters in ex-
change for Iceland discontinuing fishing the loophole.

The Norwegian Sea Banana Hole is similar to the Barents Sea Loophole. The
Banana Hole is located in international waters and is a gap between the EEZs of
Norway, Iceland, the Faroe Islands, and Greenland. It is also a gap between Jan
Mayen and Svalbard economic zones and is not a protected or managed fishery.
The Banana Hole is an area around 96,000 square miles (250,000 sq. km). The
countries of Iceland and Denmark along with the Faroe Islands are working on
extending their continental shelf outside 200 nautical miles, which would include
roughly 23,000 square miles (60,000 sq. km). If these continental shelf claims
are validated, the Banana Hole will be reduced to around 73,000 square miles
(190,000 sq. km). In the Nansen Basin, outside the 200 nautical miles, EEZ is about
5,400 square miles (14,000 sq. km). It is a gap between Norway and Russia. Both
countries have cooperatively mapped the area.

Russian Federation

Russia ratified the UNCLOS in 1997 and had time until 2007 to construct its extended
continental shelf claim. In 2007, the Russian Federation submitted their UNCLOS
claim in accordance with the UNCLOS (article 76, paragraph 8). In their continental
shelf claim, the Russian Federation included the area beyond the 200-nautical-mile
zone. One of the arguments for the extended continental shelf was that the Lomonosov
and Mendeleev Ridges were an extension of the Eurasian continent, thus, an extension
of the Russian territory. The Russian Federation claim extends only to the North Pole.
The United Nations has not ruled in favor or opposition to the Russian Federal conti-
nental shelf claim proposal. The United Nations requested more research on the matter
before determining the claim as valid or invalid. By contrast, Denmark claims that the
Lomonosov Ridge is part of Greenland. Canada also claims the Lomonosov Ridge.
In 2007, the Russia Federation used a Finnish-made self-propelled deep sub-
mergence vehicle called MIR (meaning “world” or “peace” in Russia). The MIR
submersible was part of the Arktika 2007 expedition, which was part of the Rus-
sian North Pole expedition and the International Polar Year 2007-2008. It was also
part of the Russian Arctic territorial claim. The Arktika 2007 expedition explored
the seafloor near the North Pole, collected flora and fauna samples, and deposited
a Russian flag encased in a titanium tube. The Arktika mission was led by an inter-
national crew, but majority of the crew was Russian and led by Artur Chilingarov.
The crew included Anatoly Sagalevich and Yevgeny Chernyaev, Vladimir Gruz-
dev, and Mike McDowell (Australian) and Fredrik Paulsen (Swedish). The MIR



Continental Shelf Claims in the Arctic | 203

[

Anatoly Sagalevitch, the head of the manned submersible laboratory of Russia’s P. P.
Shirshov Institute of Oceanology, sits at the controls of the submersible Mir I. (Ralph
White/AP Photo)

submersible was the first manned mission to the seabed under the Geographic North
Pole. The MIR reached a depth of almost 14,000 ft. (4,261 m) while exploring the
North Pole seafloor. The Arktika 2007 Expedition, along with the MIR submers-
ible, was attempting to establish whether the Lomonosov Ridge was an extension
of Russian continental shelf.

United States

The United States from 1983 to 1990 accepted the UNCLOS as customary law, but
refused to ratify the treaty over objections to Part XI. Part XI created International
Seabed Authority (ISA), which had the authority over seabed exploration and min-
ing. The ISA authority over seabed mining included the ability to impose fines,
decide mining activities, and terminate or suspend contracts due to environmental
or marine harm. Those opposed to Part XI viewed it as being against national secu-
rity interests and is economically disadvantageous to U.S. companies. Since 1994,
the United States has supported and resisted ratifying UNCLOS. In 2007, President
George W. Bush urged the U.S. Senate to ratify UNCLOS as did the secretary of
state, Hillary Clinton, in 2009. In 2012, 34 Republican senators sent a letter to the
senator John Kerry (R-Mass) stating they would vote against the ratification of the
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treaty. The ratification of the treaty was tabled because 67 senators or two-third
votes are needed for ratification.

The United States has been active in exploring the Arctic. In 2007, the U.S. Coast
Guard Cutter Healy mapped the seafloor off the coast of Alaska and established the
size of the continental shelf north of Alaska. The mapping project was overseen by
Dr. Larry Mayer (University of New Hampshire), director of the Center for Coastal
Ocean Mapping. The United States still has not ratified the UNCLOS.

Andrew J. Hund

See also: Arctic Territorial Claims and Disputes; Beaufort Sea Dispute; Coastal Erosion;
United Nations Convention on the Law of the Sea (UNCLOS)
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Cook, James (1728-1779)

James Cook grew up as the son of a farm laborer in Scotland. At age 17, he became
a merchant navy apprentice for a Quaker and ship owner who supplied coal with
small vessels along the coast of England. During this three-year apprenticeship,
Cook acquired the skills for navigation and cartography, which he put to good use
in his career as a sailor and chart maker.

In 1755, Cook abandoned his budding career as a merchant marine and joined
the Royal Navy. In the service of the navy, he traveled to the Canadian Atlantic
coast, where he produced detailed maps of the St. Lawrence River and the coast of
Newfoundland and Nova Scotia. The Royal Society was planning an expedition to
observe the Venus transit across the sun, which would be visible at the longitude
of Tahiti in 1769. Venus transits occur only every 121 years (in pairs with 8-year
separation between the two events) and are one of the best methods to determine
distances in the solar system. Cook was appointed to command this expedition,
which became his first of three voyages around the globe.

In August 1768, Cook traveled southwest from England around the southern
tip of South America to the South Pacific. After observing the Venus transit, he
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proceeded to explore the coasts of
New Zealand and the east coast of Aus-
tralia. He returned to England three
years after he had left, sailing through
the Indian Ocean and around the Cape
of Good Hope in South Africa. Even
though the Venus transit observations
were somewhat disappointing for the
astronomers, the newly charted terri-
tories and coastlines made the voyage
an overall success.

A year later, Cook was commis-
sioned for a second voyage to the
South Pacific. It was hypothesized that
a large continent stretching all the way
across the South Pole was to be found
south of Australia. The main goal of
the second voyage was to search for
this Terra Australis continent. Cook . voyages to the Pacific, conducting

started the second voyage in the sum- detailed surveys of all he saw and adding

mer of 1772, heading south and then  gjgnificantly to European knowledge of the
turning east once he rounded the Cape  region. (Library of Congress)

of Good Hope. He went as far south

as he dared, encountering icebergs, but

never reaching the Antarctic continent. His ship was the first European ship to cross
the Antarctic Circle. They reached as far south as 71° latitude when they encoun-
tered pack ice and had to turn around. He stopped again in New Zealand and Tabhiti
to resupply and avoid the southern winter, and completed a circumnavigation in
the Southern Ocean.

Cook returned to Cape Town and then proceeded back to England in 1775. After
this voyage, the navy retired Cook to land duty, but a year later, he volunteered to
commend a search for the Northwest Passage, the northern route around the Ameri-
can continent. In 1776, Cook left for his third voyage. He headed south to round
South America and headed into the South Pacific to Tahiti. From there, he sailed
north, discovering a group of islands that he named Sandwich Islands in honor
of the Lord of the Admiralty, Lord Sandwich, and that we now know as Hawaii.
From there, he continued to what is now Oregon and followed the coast to Alaska
and into the Bering Strait. He carefully mapped the coast of Alaska looking for
passages to the east. On the way north along the west coast of Alaska, Cook got
as far as 70° latitude when he encountered a wall of ice that was 10-12 ft. tall and
impassable. He returned to Hawaii to try again the next summer. After recovering

One of the greatest explorers of the eigh-
teenth century, Captain James Cook made
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and refitting on Hawaii, an unfortunate series of events lead to the death of Captain
James Cook in February 1779. A cutter, the largest landing craft on Cook’s ship
had been stolen, and in the process of recovering it, a skirmish broke out, and Cook
got killed by a Hawaiian chief.

Although Cook named some of the landmarks and islands he discovered after
people he honored, he stuck with transcribed native names whenever he could learn
them. Places like Cook Inlet (near Anchorage Alaska) or Cooktown in Queensland
were named after him by others. His greatest achievements were the mapping of
coastlines of the northeast and northwest coasts of America, Australia, New Zea-
land, and numerous Islands in the Pacific and South Atlantic. His Quaker upbring-
ing instilled a value of cleanliness and personal hygiene in him that he forced onto
the crews on his ships. Together with frequent resupply of fresh fruit and vegeta-
bles, he was one of the first long-distance voyagers that did not lose a substantial
number of their crew to scurvy. He was honored with a medal for not losing a single
man to scurvy on his second voyage. A Scottish surgeon, James Lind, had published
his experiments that concluded that scurvy can be avoided by eating citrus fruit in
1753, just before Cook started his voyages. Cook knew about this and included
sauerkraut in his crew’s diet, hoping that the acidity of the sauerkraut has the same
effect as that of citrus fruit. After he demonstrated that one can avoid scurvy with
diet and cleanliness, more English captains adopted his methods.

Dirk Lummerzheim

See also: Cook, James, Voyages of; Klénova, Mariya Vasilevna (1898-1976); Kotzebue,
Otto von (1787-1846); Peary, Robert Edwin (1856—1920); Rasmussen, Knud (1879-1933);
Ross, Sir James Clark (1800-1862)

Further Reading
Edwards, Philip, ed. The Journals of Captain Cook. London: Penguin, 1999.
Finnis, Bill. Captain James Cook: Seaman and Scientist. London: Chaucer Press, 2003.
Kratoville, Betty Lou. Captain James Cook. Novato, CA: High Noon Books, 2001.

Lace, William W. Great Explorers: Captain James Cook. New York: Chelsea House,
2009.

Cook, James, Voyages of

Captain James Cook (1728-1779) is a famous navigator and explorer, who crossed
the Antarctic Circle three times in his quest for habitable southern continent. His
parents James and Grace Pace with their eight children were farm laborers. Cook’s
romance with seas began as an apprentice to the coal shipper John Walker of Whitby,
where he spent several years from 1747 across the North Sea. As an experienced
sailor, he joined the Royal Navy in 1755 becoming a master within four years. He
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was commanding the Mercury during the Seven Years’ War and sailed to Canada.
He surveyed the channel of St. Lawrence River, and his fleet captured Quebec in
September 1759. Appointed as Master of HMS Northumberland, Cook surveyed
Halifax harbor, the coasts of Nova Scotia and Newfoundland, before sailing to
homeland from St. John in 1762. In December, he presented before the Lords of the
Admiralty his observation during the War in North America. He also got married
to Elizabeth Batts on December 21 at St. Mary’s Parish Church, Barking, Essex.
He took his first command in the HMS Grenville in April 1764 for the surveying
of Newfoundland, where he came in contact with the future admiral Hugh Palliser,
the then governor of Newfoundland. Cook was gaining attention of the Admiralty
and Royal Society for his acute observation of the Newfoundland region. He was
regularly in touch with Admiralty during repeated visits to Newfoundland report-
ing about charts, solar eclipse, and different aspects of astronomy. The British
government was on the lookout for the mythical Southern Continent beyond South
Pacific Ocean. The Southern Ocean had remained uncharted by the navigators
entering it from east because of westerly currents. Cook was the person chosen
to accomplish the task although Royal Society preferred Alexander Dalrymple as
the leader of voyage to the South Seas. The Admiralty had promoted Cook from
master to lieutenant.

First Voyage (1768-1771)

Captain Cook along with two notable botanists Joseph Banks and Daniel Solander
as well as 94 persons sailed aboard HMS Endeavour Bark of 368 tons. Thus began
the First Voyage (1768—-1771) on May 26, 1768, when Cook took command of the
ship at Deptford. The Endeavour sailed from Plymouth on August 26 and crossed
the Equator on October 25. On April 13, 1769, it anchored at Matavai Bay, Tahiti, by
way of Cape Horn. He was charmed by the Polynesian way of life in spite of occa-
sional pilferage of assorted goods from the ship by indigenous people. On June 3
and 18, the transit of Venus and eclipse of Moon was observed respectively. Cook
sailed for New Zealand on October 6, 1769, to determine the existence of southern
continent. The crew had a fight with the Maoris, the earliest inhabitants. Cook took
possession of New Zealand after circumnavigating the island. Convinced that it did
not form a part of a larger southern continent, Cook sailed along Australia’s eastern
coast, which had not been visited by any European voyager. The newly designated
New South Wales on August 22 came under British possession. Afterward, the
Endeavour went through the strait between Australia and New Guinea arriving in
Batavia, Java (part of modern Indonesia), on October 11. After repairing the ship,
Cook departed on December 26 for Britain arriving on July 13, 1771, at Plym-
outh. The three-year sojourn of Cook and his teammates had resulted in plethora
of charts, journals, drawings, paintings, and scientific specimens. Crew was free
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from scurvy, and ship was intact. New South Wales had been colonized. It was a
remarkable feat for Cook voyaging 5,000 miles (8,000 km) without a chronometer.
But the indomitable captain was not satisfied and appealed to the Admiralty for a
second voyage.

Second Voyage (1772-1775)

Cook was promoted to a commander in August 11, 1771. After being ordered to
find the southern continent, he made preparations for another voyage and devised
a plan for approaching the Pacific by voyaging south from Cape Town into high
latitudes and afterward moving in an easterly direction. Johann Reinhold and his
son Georg Forster, experts on natural history, and astronomers William Wales and
William Bayly accompanied him. Cook commanded the HMS Resolution with
110 crew, and the companion ship HMS Adventure of Tobias Furneaux having
80 crew sailed from Plymouth on July 13, 1772. On September 7, the vessels
crossed the Equator and sailed from Cape of Good Hope on November 13. Sailing
south toward Antarctica, Cook sighted icebergs frequently. He became the first per-
son to cross the Antarctic Circle on January, 17, 1773. In the thick fog of February
month, the Resolution lost contact with Adventure. After reaching 61° 52'S, Cook
sailed toward New Zealand due to adverse weather conditions. On March 25, New
Zealand was sighted after leaving the Cape, and the ship anchored at Anchor Point
in Anchor Island after two days. Next few weeks were spent for botanical expedi-
tions, meeting family of indigenous people, and setting up of an observatory. On
April 30, the Resolution was again on the sea. Cook was determined in his quest
for great southern continent. The ship anchored on November 3 at Wellington and,
on December 20, crossed the Antarctic Circle again. Four days afterward, Cook
decided to head for north because of ice packs and intense cold weather. But he
sailed for south again much to the dismay of crew thinking mistakenly that they
were homebound.

On January 26, 1774, the Resolution crossed Antarctic Circle again for the third
time, and four days afterward, it was at the farthest south at latitude 71° 10'S and
106° 54'W longitude, approximately 1,250 miles (2,000 km) from South Pole. Ice
packs again prevented journeying further south. While on return voyage to New
Zealand, Cook sighted the Friendly Islands, Easter Island, Norfolk Island, New
Caledonia, and Vanuatu. On April 22, the Resolution anchored in Matavai Bay, Ta-
hiti. He found an island enveloped with ice while on return journey to Plymouth. He
named it South Georgia and took possession of island for Britain. Turning in north-
erly direction toward South Africa, Cook continued his voyage toward homeland.
In January, he discovered some islands naming them as South Sandwich Islands
after exploring. Cook arrived in St. Helena in May, crossed the equator next month,
and on July 29, 1775, arrived in Plymouth. He was promoted as a post-captain and
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became a Fellow of the Royal Society. Cook also was recipient of Copley Gold
Medal. The popular myth about Terra Australia was put to an end by the second
voyage of Cook. Cook made successful use of the marine chronometer for pin-
pointing longitudinal position and making charts of the southern Pacific Ocean.
He had sailed farther into the South Pacific than anyone else and crossed the Ant-
arctic Circle thrice. Circumnavigating the world, it was no small accomplishment
for Cook, who had traversed 60,000 miles in a span of three years and eight days.

Third Voyage (1776-1779)

The third voyage of Cook began from Plymouth on July 12, 1776, on the Reso-
lution with the motive of finding the Northwest Passage from the Pacific side.
Discovery of northerly way to Asia was less dangerous than route around Cape
Horn in South America. Cook wanted to enter the Pacific from Indian Ocean. The
Resolution anchored at Cape Town on October 18. The companion ship Discovery
reached next month on 10th. Both the ships departed on November 30 sailing
southeast. On December 12, Cook sighted a group of islands naming them Prince
Edward Islands. Sailing further south, the Resolution and Discovery entered a bay
on Christmas day, where they anchored close to the beach. Exploring the region
for four days, Cook came across some islands discovered by the French captain
Yves-Joseph de Kerguelen-Trémarec in 1772, and the latter had named it Isles
Kerguelen. As there was hardly any vegetation there, Cook designated it as Islands
of Desolation. Moving toward west and south for New Zealand, Cook sighted the
Rock Point on February 10, 1777. Moving further, the ships sailed for Tongatapu
(Amsterdam Island) on June 8. Two days after, they arrived at Nukualofa Harbor,
and Cook met the ruler of Tonga. The eclipse of Sun was observed on July 5, and
Cook sailed east for Tahiti.

On January 18, 1778, Cook made his last great discovery and became the first
European to reach the Hawaiian Islands. On February 2, the group of islands that
he sighted was named as Sandwich Islands in honor of fourth Earl of Sandwich,
John Montague, who was also the acting First Lord of the Admiralty. The two
ships sailed up the Pacific coasts of North America. Cook sailed north in search
of the western end of a Northwest Passage from the North Atlantic to the Pacific.
The ships sailed through the Bering Strait and crossed the Arctic Circle. In Octo-
ber, the ships entered Unalaska Bay and anchored at Samganunuda on October 3.
Cook also met Russian fur traders and received a letter from the governor of Ka-
mchatka and Petropavlovsk handed over by the Russian factor Gerassim Ismailov.
Cook gave up the endeavor of finding the Northwest Passage and turned south for
the Hawaiian Islands.

On January 17, 1779, the ships anchored at Kealakekua Bay. Cook stayed for
some time and left the Hawaii Islands to continue exploration of Northern Pacific
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but came back again to repair foremast of the Resolution. After a scuffle with locals
amidst tension over stealing, Cook was killed near the village of Kaawaloa at about
9:00 A.M. on February 14, 1779. A remarkable career came to an end tragically.
His remains were buried at sea in Kealakekua Bay after a week. In September, the
ships eventually reached Britain.

Captain Cook took utmost care about health of crew with his rigid rules of
hygiene and food. The dreaded scurvy was very much contained in his ships.
The storage chambers of the vessels were full of antiscorbutics such as citrus
fruit, raisins, and sauerkraut. He was also keen on experimenting with indig-
enous remedies like brewing tea from barks of tree. Through his strength and
self-determination, Cook overcame many obstacles facing his ships and crew.
One could have a glimpse of his character from the name of ships of his three
voyages: Endeavour, Resolution, Adventure, and Discovery. However, Cook
was very short tempered with indigenous people not complying with his wishes.
He did not flinch away from using violence, which brought his nemesis and un-
timely death.

The theory of existence of a southern continent, which had held the attention
of geographers and maritime powers for a long time, was finally put to rest by
exploration of Captain Cook. The circumnavigator of the globe had left innumer-
able drawings, logs, charts, and notes for the posterity. It was very beneficial to
later-day mariners. The whole world was aware of an accurate geographical pic-
ture of the South Pacific by Cook’s endeavor. The numerous islands and lands
that he had mapped were cartographer’s delight later on. Cook came across again
places such as Isles V and Marquesas discovered by his predecessors and posi-
tioned them correctly. Exploring New Hebrides and New Caledonia, Cook also
surveyed north Pacific region spanning from present British Columbia to the
Bering Strait. The voyages of Cook against backdrop of colonial rivalry over ter-
ritorial aggrandizement and commercial rivalry were very significant. The north-
west coast of North America became a playground of Anglo-Spanish rivalry.
Spain was perturbed over Russian expansion also in the region of Alaska. The
discovery of new islands dotted throughout the globe by Cook was instrumental
in the expansion of already secured British Empire. Another impact of Cook’s
voyages was impetus given to owners of whaling fleets, who were interested in
seals and whales mentioned in his logbooks and journals. These fleets constantly
moved in the Antarctic waters. The world of science was enriched by the three
expeditions of Cook, who had collected specimens in c