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Resources from marine mammals have been pivotal to Inuit and other Arctic cultures for millennia. Meat and blubber
were and are used for food for humans and dogs, blubber for light and heating as well, and skin and bones for clothing
and tools. Seal meat remains a most appreciated food item. Photo: Carsten Egevang/ARC-PIC.com
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	I was born in the tundra, without any doctors. I have
lived all my life in the tundra, naturally it is my home.
When we live in tundra we live in close interaction with
Nature. For example a small bush is only a small bush to
some people, but to me it tells many things. I can read
from it what kind of a bird has been here… If I need to
find something, for example if we have lost some reindeer, I can ask the fire by feeding it. And the fire starts
to answer, it turns to a certain direction. And if I travel to
this direction I will find the reindeer. Nature feeds me. It
helps me. I can speak with the grass, bushes and water –
I can speak with all things. I am connected to all things.
I can be connected with the fire… It feeds me. This is a
life for me. It is inborn. Our Elders did not pray, they just
talked with nature. I can do the same. I just talk with the
fire in the tundra. Tomorrow I will be lucky, Nature has
heard me. I just talked with it.
Dmitrii Nikolayevich Begunov in Mustonen (2009).
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SUMMARY
Ecosystems provide a range of services and values to
humans. In this chapter, two types of services from Arctic ecosystems, provisioning and cultural services, are
considered. Provisioning services deliver food and other
materials that humans use directly. Cultural services
support ways of life, enjoyment and other less tangible
aspects of human life. There is overlap, of course, in that
many provisioning services also entail cultural wellbeing. Other services, including supporting services that
make possible other ecosystem functions, and regulating services, that keep ecosystems in balance, are not
considered here. They are important, but relatively little
information is available for the Arctic on these topics.
Provisioning services sustain Arctic residents through
food, employment, identity and in other ways. Reindeer
herding provides livelihoods across northern Eurasia and
in a few locations in North America. It also provides meat
and other products for local and distant markets. Commercial fisheries in Arctic and sub-Arctic waters generate the most money of any provisioning services in the
Arctic, and are responsible for over 10% of the world’s
fish catch and 5.3% of its crustacean catch by weight.
Commercial and subsistence hunting, gathering and
small-scale fishing are traditional activities that have sustained Arctic peoples for millennia. They continue today
and retain high cultural importance, although they are
responsible for a smaller portion of the diet than in times
past. Recreational and sport hunting is becoming more
popular, and constitutes another way by which Arctic
peoples and visitors can make use of Arctic wildlife.
Cultural services, beyond those associated with provisioning services, reach people in the Arctic and around
the world. Tourism is increasingly popular in the Arctic,
especially on cruise ships. Tourism brings opportunities
for income, as well as the potential for largely localized
social and environmental disturbance. It can also create
advocates for Arctic conservation among those who have
experienced the region and its biodiversity first-hand.
There are also many non-market values associated with
the simple existence of the Arctic and its ecosystems,
which many people appreciate from afar without any
direct experience in the region. In a world with fewer
undisturbed places, intact ecosystems such as those in
the Arctic are likely to become increasingly scarce and
thus increasing valuable.
Most provisioning and cultural services are healthy at
present. Reindeer herding is a possible exception, though
it is also highly variable making it difficult to detect or
predict trends. Sport hunting and tourism are increasingly popular, which may also produce more conflicts
with other uses or users. Non-market values are likely
to increase, but this is partly the result of increasing
scarcity of undisturbed ecosystems. Further research is
needed to evaluate such trends over longer periods and
in more detail, and to attempt to quantify in monetary
or other terms the values that accrue to human society

Arctic Biodiversity Assessment

from maintaining healthy, functioning ecosystems and
associated services in the Arctic.

18.1. INTRODUCTION
The idea of ‘ecosystem services’ developed from the
long-standing recognition that humans depend on the
natural world directly and indirectly (Daily 1997). The
term is an effort to identify and measure “the benefits
that people receive from nature” (Cambridge Conservation Initiative and BirdLife International 2011).
While the value of the direct use of living resources was
reasonably well established, relatively little attention had
been given to the value of less visible services such as
flood control by wetlands, pollination by insects and the
simple existence of wild places and species (e.g. TEEB
2010). For the most part, these functions were taken
for granted, recognized only when they disappeared e.g.
when a flood caused damage or a species went extinct.
The possibility that some of these services might diminish or disappear provided a spur for better methods of
recognizing their value while they were still working so
that they might be conserved, or at least weighed in the
balance against the consequences of human activity.
The Millennium Ecosystem Assessment (MEA 2005)
placed ecosystem services in four categories: supporting
services, provisioning services, cultural services, and
regulating services. There is some overlap in that many
services can provide benefits in more than one category
e.g. hunting caribou Rangifer tarandus, herding reindeer
or catching fish can provide both nourishment and
cultural values. Intact wetlands that regulate water flow
can also preserve species and habitats. Nonetheless, the
categories help emphasize the range of services, direct
and indirect, that healthy ecosystems provide. The MEA
approach is not the only way to consider ecosystems and
their services. Box 18.1 describes indigenous ways of
considering the benefits that humans receive from their
environment.
This chapter surveys four provisioning and two cultural services in the Arctic. Supporting and regulating
services are important, but less well documented in the
Arctic (see Box 18.2). The chapter is neither exhaustive
nor definitive. Instead, a range of services have been
selected, providing an exploratory look at how Arctic
ecosystems benefit people. Where possible, quantification of services has been attempted. In many instances,
circumpolar data are lacking, so that qualitative assessment is necessary for some or all of the region. The
prospects for improved data and more detailed evaluation of ecosystem services are taken up in the Discussion
(Section 18.4).
Reindeer herding; commercial fisheries; commercial and
subsistence hunting, gathering, and small-scale fishing; and recreational and sport hunting and fishing are
the provisioning services addressed here. These are the
main sources of food produced in the Arctic. In tundra
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Box 18.1. Indigenous views about the
concept of ecosystem services

Box 18.2. The delineation of the Arctic

Tero and Kaisu Mustonen

Henry Huntington

The notion of ‘ecosystem services’ is problematic in the
context of indigenous cultures of the Arctic. Embedded in
the scientific concept are notions that by measuring certain characteristics of ecosystems, we can assess the value
of those places. These values, often expressed in financial
terms, are then compared for example in discussions of
conservation, natural resources extraction, transportation or other uses when making decisions on appropriate
uses of an area. Arctic peoples, however, traditionally
view themselves as part of a system that is structured by
a web of mutual relationships and obligations, not one
defined by a one-way flow with humans as the ultimate
beneficiaries (Mustonen 2009). If this is true, then perhaps
we should not impose comparative valuations on these
places, implying that trade-offs in terms of potential land
uses have no moral content. Or at least making final decisions on land use should not be based solely on measurement-based information.

The Arctic Biodiversity Assessment uses a biological
definition of the Arctic (see Section 2 in Meltofte et al.,
Introduction). While entirely appropriate, such a definition
does not always match the regions for which statistics and
other measures are collected. This is particularly true for
human activities, where data are typically collected according to political and administrative boundaries, many
of which span two or more biomes. The challenge can
be seen in as apparently simple a question as the human
population of the Arctic. Various estimates have used various boundaries, resulting in a wide range of figures.

Linking indigenous knowledge with scientific knowledge
in different assessments in the Arctic is developing (Alexander et al. 2011). However, the difficulties of conveying the millennia-old relationships that the indigenous
peoples have with their homelands should be recognized.
Recent studies from remote Chukchi subsistence communities from northeastern Siberia indicate that the
indigenous sense of place is multidimensional and hard to
document or capture using scientific quantitative terminologies or paradigms (Mustonen 2009). Care should be
taken when applying scientific values or measurements to
places which may be very different in character.

regions, which are the main focal area of this chapter,
there is little or no agriculture, and by definition no
timber industry. Some activities south of the tree line
are addressed in order to provide a more complete picture for migratory species and geographically extensive
practices such as reindeer herding, and to include those
indigenous peoples who participate in the activities of
the Arctic Council.
Cultural services through inclusion of tourism and existence values recognize that provisioning services also
entail cultural dimensions. Tourism and existence values
are related services, based largely on the interest that
people around the world have in experiencing the Arctic
or simply knowing that Arctic places and species exist.

When considering ecosystem services, the problem is
similar. While it is possible in principle to separate, for example, the hunting that occurs in the Arctic as defined by
the ABA from that occurring outside, in practice this can
be very difficult. Some communities are on or near the
treeline, taking fish and animals from both forest and tundra. Community-level data are often available, but rarely
are the specific hunting locations catalogued by biome.
Furthermore, one important goal of the ABA is to establish a baseline from which comparisons can be made in
the future. The use of regularly reported statistics will
make such comparisons easier, avoiding both the tedious
tasks of disaggregating data and the risk of inconsistency in doing so that might cause inaccurate results and
interpretations.
For these reasons, this chapter uses the most reliable,
regularly reported figures available, even if those figures
are not strictly limited to the Arctic region as defined
elsewhere in the ABA. We have, however, endeavored to
make clear when the figures reported herein include areas
outside the ABA’s Arctic.

Two additional points are worth noting which help to
place the ideas of ecosystem services in context. First,
many Arctic communities and regions benefit from
various forms of economic support, including transfer
payments, government subsidies and other services such
as mail service provided at rates below market costs, all
of which help make it possible to live in remote Arctic
regions with some degree of modern goods and conveniences (e.g. Glomsrød & Aslaksen 2006). Without such
support local ecosystems are incapable of supporting
the current population of Arctic regions at their current
standard of living.
One strong piece of evidence for this conclusion leads to
the second point. When the Soviet Union ended, taking
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various government support programs with it, the population of the Russian Arctic declined sharply (e.g. Huntington et al. 1998), causing an overall decline in the total
Arctic population. The loss of economic support in the
Russian Arctic led to an increase in use of some local species for foods. Thus, the level of use of Arctic provisioning services cannot be separated from demographic and
economic trends. Assessing the full implications of these
connections, however, is beyond the scope of this chapter.
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The chapter concludes with discussion of the services provided by Arctic ecosystems, potential directions for future
evaluation of ecosystem services, and recommendations
for data collection and analysis to improve future efforts.
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Figure 18.2. Numbers (× 1,000) of reindeer in the main reindeer
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In Russia, the main reindeer herding regions are the
Yamal-Nenets Automomous Okrug in Western Siberia,
the Sakha Republic (Yakutia) and the Chukotskiy Autonomous Okrug in the Far East. The reindeer population in Russia has experienced dramatic changes during recent decades. These changes were largely due to
federal policies that affected all sectors of the economy.
Different adaptive strategies of herding communities
resulted in various (sometimes even opposite) trends of
reindeer numbers at the regional level (see Fig. 18.2).
The increase in reindeer husbandry in the Yamal and
Gudan Peninsulas was the most striking in contrast to
the general decrease of reindeer populations in other
regions (Klokov 2011).
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18.2.1.2. Status and trends

The total number of domesticated reindeer in the circumpolar North is more than 2.2 million. The majority are found in Russia (about 1.5 million), Norway
(240,000), Sweden (200,000) and Finland (200,000).
The reindeer population in North America is relatively
small, with about 10,000 in Alaska, USA, about 3,000
to 4,000 in the Northwest Territories, Canada, and
about 2,000 to 3,000 in Greenland (Fig. 18.1).
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Domesticated reindeer populations are an important
component of many terrestrial Arctic ecosystems and
are an extremely valuable part of the cultural identity of
many northern indigenous peoples, especially in Russia, Norway, Sweden and Finland. Reindeer and caribou
are the same species; ‘caribou’ is used to refer to wild
reindeer in North America. By either name, the animal
is a keystone species, closely connected to human culture and socio-economic change. (The main sources for
this section are Jernsletten & Klokov 2002, Ulvevadet &
Klokov 2004 and Klokov 2007.)
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Figure 18.1. Distribution (per cent) of domesticated reindeer in
countries of the circumpolar North (www.reindeerportal.org).
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Figure 18.3. Reindeer populations (x 1,000) in selected Arctic
countries, 1990, 2000 and 2007 (www.reindeerportal.com).
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By contrast, reindeer populations in Scandinavian
countries have remained relatively stable during recent
decades. The number of reindeer in Norway, Sweden
and Finland increased from the late 1970s with a peak
between 1989 and 1991. After 1991 the trend has been
a slow reduction or modest variation with no trend (see
Fig. 18.3).
The practice of reindeer husbandry in North America is
restricted to a small number of areas, including the Mackenzie Delta region of the western Canadian Arctic and
St. Paul Island, Nunivak Island and the Seward Peninsula
of Alaska. The populations are mostly declining (Christie & Finstad 2009).
Reindeer herding was introduced to Alaska in 1892
by Saami herders. Initially, Alaska experienced rapid
growth in the reindeer population. By about 1930, it
had approximately 600,000 reindeer, half of which were
located on the Seward Peninsula. The decline of the
reindeer population began in 1933, and by 1950 only
25,000 reindeer remained. Currently there are about
10,000 domesticated reindeer in Alaska, mostly in Seward Peninsula (Christie & Finstad 2009).
18.2.1.3. Regional diversity

From a cultural point of view there are four types of
reindeer husbandry in the circumpolar North:
Saami: in the Nordic countries and partly in the Kola
Peninsula in Russia (about 700,000 reindeer),
Nenets-Komi-Izhem: in the tundra from the White Sea
to the Yenisei River (about 1,000,000 reindeer),
Evenk (Tungus)-Sakha (Yakut): in the tundra of Yakutia
and in the northern Siberian taiga (250,000 reindeer),
Chukchi-Koriak: in the tundra of the Russian Far East
(about 250,000 reindeer).
The types differ in methods of pasture use and herd
control, means of using animals for transport (different
types of harnesses, using reindeer for transport), milking (or not), use (or not) of dogs for reindeer pasturing,
construction of fences, sheds and other means of traditional economy, traditional clothing, shoes, equipment
and construction of nomad dwellings.
The reindeer-herding situation in Nordic countries is
complex and multi-faceted. At least four different herding systems exist there currently. The Saami mostly use
a method of free pasturing, meaning that the reindeer
are not tended year round. They often construct fences
to keep reindeer away from roads, farms, other herds,
and other sources of risk. In contrast to the Russian
Arctic, many roads transect reindeer pastures in Fennoscandia. Herders often use cars, airplanes and helicopters
to travel to their cabins and sometimes use cars to bring
their reindeer from one pasture to another. The Saamicontrolled free-ranging pastoralism has been discontinued due to the policies of the nation-states in the region,
even though aspects of the older system survive in the
Swedish-Norwegian borderlands.

Some distinctive features of the Nenets’ reindeer husbandry include continuous control over a herd during
the whole day, herd management with the help of dogs
and reindeer teams, use of sledges throughout the year,
and the lack of saddle- and pack-reindeer. Long meridian
migrations up to 500 km from winter to summer pastures are typical. Herds are large (2,000-4,000 animals
typically) and include a relatively high percentage of
castrated bulls and unproductive females. These animals
are necessary for transportation of loads using different kinds of sledges during migration and constitute the
economic base of nomadic life.
Evenk (Tungus) taiga reindeer husbandry in Siberia is
distinctive in several respects. The herds are small in
number and the animals are used mostly for transport
(sledge-, saddle- or pack-reindeer). Reindeer are kept
inside fences or in free pasturing. Herders use different
fodder and create smoke fires to protect animals against
mosquitoes. Their reindeer are more domesticated than
the reindeer of the tundra and are not afraid of people.
During recent decades, the number of reindeer in the
northern Siberian taiga has decreased to a few thousand animals. In Northern Siberia following the market
crashes of the 1990s, reindeer herding went through
several crises, and number of animals dropped. However
in some regions such as in Lower Kolyma herds of up to
17,000 animals have been established in recent years in
indigenous communities (Mustonen 2009).
In Canada, the Canadian government initiated the Reindeer Project in the 1920s to encourage reindeer husbandry, and by the mid-1930s reindeer had been brought
from Alaska to the Mackenzie Delta. Saami families
from Norway were brought to train local Inuvialuit in
herding practices. Now, Inuvialuit and Saami descendents of the Reindeer Project herd approximately 3,0004,000 reindeer near Inuvik, where they are locally
owned and managed by the Kunnek Resource Development Corporation (World Reindeer Husbandry 2011).
18.2.1.3. Management

Reindeer husbandry systems in Norway, Sweden and Finland are based on similar administrative principles, which
include the use of subsidies to support herding. Ministries
responsible for agriculture in each country are responsible for national policy concerning reindeer husbandry,
with specific tasks delegated to Saami organizations on
the principles of partnership. In Norway, the Norwegian
Reindeer Husbandry Administration is directly under
the Norwegian Ministry of Agriculture. The Reindeer
Husbandry Agreement is negotiated every second year
between the Norwegian Reindeer Herders Association
and the Norwegian Ministry of Agriculture. In Sweden,
the Saami Parliament (Sametinget) handles questions that
concern the Saami people, including issues concerning
reindeer husbandry together with the Swedish Agricultural Board ( Jordbruksvärket) in Jönkøping, and by the County
Administrative Boards (Länsstyrelsen) in Norrbotten,
Västerbotten and Jämtland (Ulvevadet & Klokov 2004).
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In Finland, however, reindeer herding is open to all citizens, not just Saami, and is organized by the paliskunta
system (paliskuntain yhdistys) in which a cooperative of
reindeer herdsmen administer a defined herding area,
replacing the traditional Saami system which is no longer
practiced in Finland. The Association of Reindeer Herding Co-operatives is a branch of the Ministry of Agriculture and Forestry of Finland, and is funded by the
government. This Association is both an administrative
body and advocacy organization for all reindeer herding
members. There is also another association of reindeer
owners in Finland, the Saami Reindeer Herders Association of Finland (Suoma Boazosámit), whose goals are to
monitor, secure and promote Saami reindeer herders’
rights (Ulvevadet & Klokov 2004).
Norway is divided into grazing areas that are almost
identical with the counties of Finnmark, Troms, Nord
land, Nord-Trøndelag and Sør-Trøndelag/Hedmark.
Each grazing area is divided into several districts. In total, there are 77 ‘reindeer pasture districts’ consisting of
both summer and winter pastures. One district can have
one or many reindeer owners. Only Saami people may
herd reindeer in these areas. Reindeer herding is also
carried out in southern Norway in special ‘concession
areas’ where Norwegians can also herd reindeer (World
Reindeer Husbandry 2011). In total, there are almost
3,000 reindeer herders in Norway.
The reindeer pastures in Sweden are organized through
the Saami villages (Sameby). The Sameby is both an economic association and a geographical area. Its members
have the right to engage in reindeer husbandry in this
area. There are 51 Sameby with about 500 reindeer
owners. All reindeer owners are members of a Sameby.
In addition, there are about 1,000 people of non-Saami
descent who primarily keep reindeer in the concession
Saami villages (World Reindeer Husbandry 2011).
In Finland, there are approximately 5,600 reindeer
owners, the vast majority of whom are Finns of nonSaami descent. The reindeer pastures in Finland are
organized by different districts. The northernmost part
of the Finnish reindeer husbandry region is classified as
the ‘Saami reindeer herding area’, where Saami reindeer
husbandry is concentrated. Reindeer herding is administered through a reindeer cooperative system of 56 such
cooperatives. These are economical units and at the
same time geographical areas in the counties of Lapland
and Oulu. All reindeer owners in Finland are, as in Sweden, members of a cooperative/district (World Reindeer
Husbandry 2011).
In contrast to the Nordic countries, Russia does not have
federal legislation regarding the reindeer economy, but
there are seven regional laws that pertain specifically
to reindeer husbandry. There is no special administrative body responsible for reindeer husbandry in Russia,
which is managed mainly by departments of agriculture
of the northern regions. Thus, reindeer herders in Russia
do not have the opportunity to participate in decision
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making processes regarding reindeer husbandry and
management at the federal and regional levels. A specific
feature of reindeer husbandry in Russia is the central
role of reindeer enterprises with public and state forms
of ownership. The number of privately owned reindeer
still remains low, except in the Yamal-Nenets area. Most
reindeer enterprises consist of herders’ brigades; a group
of herders’ families, usually related to each other, who
jointly manage herds within a designated pasture area.
The brigade was introduced as an organizing principle
during the Soviet period, and today is generally considered the basic productive unit in reindeer husbandry.
In Alaska, the Reindeer Act of 1937 restricted ownership
of reindeer to Alaska Natives. On the Seward Peninsula,
reindeer are managed by 21 herders who are members
of the Kawerak Reindeer Herders Association. Herders practice an extensive management style of herding.
Reindeer in this region are relatively sedentary and do
not make long migrations. Currently, the entire Seward and Baldwin Peninsulas are designated as reindeer
pastures along with St. Lawrence Island and areas near
Shaktoolik and Stebbins. Ownership of the land is legally
held by several governmental agencies (e.g. the federal
Bureau of Land Management and National Park Service,
as well as the State of Alaska) and private owners (e.g.
Alaska Native regional and village corporations), which
issue grazing permits, with the average size of large
ranges being about 400,000 hectares. The main challenge facing reindeer husbandry on the Seward Peninsula
concerns the loss of reindeer due to migrating caribou
(see below).
18.2.1.4. Markets for reindeer products

The reindeer industry in Eurasia produces primarily
meat and antlers. Most of the antlers are sold for traditional medicines and similar products in East Asian
markets, with a smaller number of antlers and skins sold
locally to tourists. In the Nordic countries, the supply
of reindeer meat is lower than demand, and so there is
minimal export of reindeer meat, although some Finnish
and Swedish meat is sold in Norway.
There is growing attention towards product development in the reindeer industry in the Nordic countries.
Consumers want easy access to the traditional products
of reindeer meat. Reindeer meat is well received in the
national markets and is perceived as healthy and clean
food. The price of reindeer meat is much higher than for
other comparable meat products.
The reindeer owner sells live reindeer to the nearest
slaughtering house. The slaughtering houses are strictly
regulated and are obliged to conform to European
Union directives. The regulations are the same for big
slaughtering houses as for private, small-scale production. There are some exceptions in Norway and Sweden,
which involve slaughter for personal rather than for commercial use.
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In most regions of the Russian Arctic, the economic
situation is not favorable for reindeer husbandry. The
price of reindeer meat is low. The domestic market has
enormous potential but remains undeveloped. Reindeer
herding remains an important subsistence activity for
indigenous peoples.
The marketing of reindeer meat in Alaska is, at present,
primarily for local consumption. In many villages of the
region, reindeer has become the preferred meat. There is
also a viable export market for antlers, primarily to Asia.
18.2.1.5. Reindeer pasture

All available areas for reindeer pastures in Norway, Sweden and Finland are already in use. There are 140,600
km2 of potential reindeer pastures in Norway (about 40%
of the total area of the country), 160,000 km2 (34%) in
Sweden and 114,000 km2 (33%) in Finland. To prevent
overgrazing, formal regulations prohibit an increase in
the number of animals in most reindeer herding areas.
There is a general agreement that an excessive number of
reindeer is not sustainable for the reindeer husbandry industry. For example, the Finnish Ministry of Agriculture
and Forestry sets a maximum number of reindeer both
for the entire reindeer herding area and for each herding
co-operative, a decision which is revised every decade.
The maximum number of reindeer owned by a herding
co-operative member is also restricted to 300 per owner
in the southern reindeer husbandry region and to 500
per owner in the northern part. The current maximum
number of reindeer in inland areas has been set at just
over 200,000. Such restrictions have prevented overgrazing (see Ims & Ehrich, Chapter 12), however, they also
inadvertently made it more difficult for young people to
obtain reindeer to start a career in reindeer husbandry,
which has consequently increased the average age of reindeer owners in all Nordic countries.
One of the main threats to the reindeer industry is the
loss of pasture. The primary reason for loss of pasture in
Norway, Sweden and Finland is connected to infrastructure development such as the building of new roads,
infrastructure, military activities, powerlines, pipelines,
dams, leisure homes and related activities, in addition to
conflicts with the forestry sector. These have all contributed to a decline in ‘wilderness’ areas, which are prime
reindeer pastures. Since the early 1990s, more than
800 recreational cabins have been constructed annually
in Norwegian reindeer herding areas (Lie et al. 2006),
resulting in extensive recreational activity.
Global Methodology for Mapping Human Impacts on the
Biosphere (GLOBIO) scenarios show that currently approximately one quarter of the grazing land in northern
Norway is strongly disturbed by development, including
35% of the coastal area and the most productive calving
grounds and summer ranges. If no changes are made in
national or regional policies, this figure has been estimated to increase to as much as 78% by 2050 (International Centre for Reindeer Husbandry 2011).

The total area of reindeer pasture in Russia is about
3.3 million km2, with a carrying capacity of about 2.4
million domesticated reindeer with potential for existing numbers of reindeer to increase by almost 1 million.
However, about one fifth of the pasture area is situated
in the taiga, a landscape not favorable for the management of large reindeer herds and thus many pastures
are underused. In tundra areas, pasture resources are
sufficient for further development of sustainable reindeer
husbandry in most parts of the Russian North, except
the Yamal-Nenets area, where some pastures are heavily
grazed. This is of special concern to reindeer herders,
since the Yamal-Nenets area is the region experiencing
the highest concentration of oil and gas activity Russian
Arctic (Klokov 2007).
18.2.1.6. Challenges and threats

Predators are a major concern for reindeer husbandry.
Wolves Canis lupus cause most losses in Russia. According to official statistics there are 50,000 wolves in Russia
(2010), and about half of them are distributed in the
reindeer husbandry areas. There are no systematic data
on the number of domesticated reindeer killed by wolves
throughout Russia. However, in Chukotka wolves killed
38,756 reindeer during the 1998-2002 period (Jernslet
ten & Klokov 2002).
In Scandinavia, wolverines Gulo gulo, brown bears Ursus
arctos, lynx Lynx lynx and golden eagles Aquila chrysaetos
are more important predators than wolves. In Finland
in 2000, for example, wolves killed 270 reindeer, while
bears killed 716, lynx 136 and wolverines 1682 (Jernsletten & Klokov 2002).
Beside predators, reindeer husbandry often conflicts
with wild reindeer. The combination of reindeer
husbandry and wild reindeer management is a difficult
problem to solve. In Alaska, reindeer husbandry is facing
a major threat from the growing Western Arctic Caribou Herd (about 440,000 animals), which is penetrating
further and further into the reindeer herding areas of the
Seward Peninsula. The huge herd also attracts predators,
but the most serious threat is the ‘run-off’ problem.
When domesticated reindeer and wild reindeer (caribou)
encounter one another and the herds mix, the domesticated reindeer will follow the wild herd on its migration, and be lost to the herder.
In Russia, confrontations between domesticated and
wild herds occur in the Taymyr Peninsula, where there
are about half a million wild reindeer, and in northern
Yakutia and central Chukotka (200,000 and 100,000
wild reindeer, respectively). The main problems include:
• domesticated reindeer running off to join wild reindeer;
• combined damage to pastures;
• transmission of infectious diseases such as anthrax
from wild to domesticated herds and vice versa.
The first problem is the most serious. Losses of domesticated reindeer sharply increase when large herds of wild
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reindeer change their usual routes of migration (the reasons for such changes are unclear) and migrate through
areas where reindeer herders are not prepared for these
encounters (Klokov 2007).
18.2.1.7. Future concerns

Reindeer herding for the future should be ecologically,
culturally and economically sustainable (Jernsletten &
Klokov 2002, Ulvevadet & Klokov 2004, International
Centre for Reindeer Husbandry 2011).
In Nordic countries, the main obstacle for further
development of reindeer husbandry is limited pasture
area. A continuous loss of reindeer pastures will lead to
a situation in which there will always be ‘too many’ reindeer and herders in an area complicating the regulations
for management. The principal tool of official reindeer
husbandry management has been regulating the number
of reindeer and reindeer herders.
The reduction of grazing land could also reduce the ability of reindeer to cope with extreme winter conditions
due to loss of summer ranges, resulting in less growth
and weight gain in summer, in turn reducing herd production (e.g. slaughter weights, calf production), thereby
causing a loss of herder’s income and quality of life. The
most important actions to prevent this situation are:
• define an actual percentage of grazing land to be protected within a given time-frame;
• develop an integrated network of protected areas in
tandem with reindeer husbandry;
• declare critical migration routes and calving grounds
off limits for development if reindeer herding is to
remain viable at or near current levels (International
Centre for Reindeer Husbandry 2011).
In Russia, the main problem is the lack of land rights and
federal legislation to ensure the priority of indigenous
peoples in reindeer herding. Although some of the pastures of Yamal Peninsula, the main reindeer husbandry
region in Russia, are heavily grazed, there is enough
pasture area in other regions to increase the number of
domesticated reindeer in Russia to over two million animals and therefore further growth of reindeer population may be expected (Jernsletten & Klokov 2002).
In Russia, many reindeer herding families live under
difficult socio-economic conditions. Their income could
rise if value-added production were to increase (such as
creating high quality venison products instead of raw
reindeer meat, tanned hides and finished clothing items,
and dried and soft antlers). However, with the market
located geographically far from herding areas, a lack of
infrastructure and complicated formal regulations, current conditions do not favor the establishment of family
businesses.
A circumpolar problem is internal recruitment. There is a
definite need to recruit herders from the younger generation to ensure continuity of reindeer husbandry tradi-
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tions, knowledge and practices. The separation of herders’
families due to schooling is an important problem that is
common for Russia and the Nordic countries (Ulvevadet
& Klokov 2004). A more flexible school system might
prove positive for herders’ families, if this can meet the
children’s need to be better prepared for reindeer husbandry without compromising their formal education.
Considerable effort needs to be directed towards reducing the vulnerability of reindeer husbandry. Sustainable
reindeer husbandry founded on traditional knowledge
and science forms a viable way forward in the circumpolar Arctic. New models of co-productions of knowledge
are developed and reindeer herders are no longer seen
as standing in the way of progress, but rather as partners in sustainable development and as caretakers of the
region’s cultural and biophysical diversity. More sustainable alternatives for herding would have to be developed
as part of an integrated program involving both herders,
their communities, the indigenous scientific community,
resource managers, policymakers and industry (International Centre for Reindeer Husbandry 2011).

»

Reindeer herding makes this world richer. One day the mining
of gold and other minerals will come to an end here. Reindeer
herding, on the other hand, will always be able to go on.

(Grigorii Andreevich Tynakergav in Bat’yanova 2008).

»

Our local and regional authorities usually consider reindeer
husbandry only from the point of view of its potential impact
on the economy of this region. But reindeer husbandry should
never be seen as simply some kind of branch of economic activity.
It is a way of life for many people. In fact, it is life itself for this
region as it has been for centuries.

(Yakov Kymet, Chukchi journalist, Anadyr, Chukotka Autonomous
Okrug, summer 1999 in Bat’yanova 2008).

18.2.2. Commercial fisheries
18.2.2.1. Introduction

Ice cover, cold water temperatures and low primary production prevent the development of fish stocks of commercial interest in the central Arctic Ocean, whereas in
the seas surrounding the Arctic Ocean there are commercial fisheries of global importance (Hoel & Vilhjamsson 2005). These areas comprise the Bering Sea and
the Aleutian Islands, the Northwest Atlantic between
Canada and Greenland, the waters around Greenland
and Iceland, the Norwegian Sea and the Barents Sea. Although fish stocks in these oceans wax and wane as fish
stocks do everywhere, in a global perspective most of the
major commercial fisheries in these areas are currently
comparatively well managed. Fishing is important to the
local and national economies in most of these regions
(Hoel & Vilhjamsson 2005; see however Christiansen &
Reist, Chapter 6 for further discussion).
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2012 of approximately 1.2
million tonnes; NOAA
2011); North Atlantic cod
Gadus morhua (TAC 2012
750,000 tonnes; Norwegian
Fishery and Coast Departments 2011a), and Atlantic
herring Clupea harengus (TAC
833,000 tonnes in 2012;
Norwegian Fishery and
Coast Departments 2011b).
Most economically important fish stocks have substantial north-south migrations;
Atlanto-Scandic herring, for
instance have annual migrations spanning a vast area in
the Northeast Atlantic. Other important species include
redfish Sebastes spp., saithe
Pollachius virens, Atlantic
halibut Hippoglossus hippoglossus, various flounder and sole
species, and haddock Melanogrammus aeglefinus. There are
also important crab, shrimp
and shellfish fisheries in
these oceans.

The total average landings of
these fisheries are globally
significant. It is estimated
that in the four last decades
of the 20th century, the annual average landings in Arctic
and sub-Arctic waters were
about six million tonnes
(Hoel & Vilhjamsson 2005).
In comparison, the total for
Figure 18.4. Map of international waters (beyond the coastal states’ EEZs) in the Arctic Ocean and
global marine capture fishermarginal seas.
ies in 2006 was 82 million
tonnes (FAO 2009a). This
latter figure includes substantial quantities of low-value species not used for direct
There are six coastal states to the Arctic Ocean, the
human consumption. Commercial fisheries in the seas
sub-Arctic and cold temperate oceans: Russia, the US,
surrounding the Arctic therefore account for more than
Canada, Denmark/Greenland/Faroe Islands, Iceland
10% of the global supply (Lindholt 2006).
and Norway. Except for four areas of high seas, northern
oceans are under the jurisdiction of these countries (Fig.
These fisheries constitute a major economic activity in
18.4), and the management of fisheries is therefore their
the high North of these countries, and in many regions
responsibility. The high seas areas are found in the Berthey are critical to the economy of local communities
ing Sea, the Northwest Atlantic, the Norwegian Sea and
(Hoel & Vilhjamsson 2005). The fisheries in the Berthe Barents Sea. There is also an area of high seas in the
ing Sea and the Aleutian Islands, for example, provided
central Arctic Ocean.
a value of two billion USD in 2008 (Plan Team 2009).
Northern cod fisheries were worth some 10 billion NOK
18.2.2.2. Status and trends
in 2013.
Some of the world’s largest commercial fisheries take
A distinctive feature of the commercial fisheries in the
place in the oceans surrounding the Arctic. The most
high north is that they are single-species fisheries. With
prominent examples are: Alaska (walleye) pollock Gadus
relatively few species and large stocks, commercial fishchalcogramma from the Bering Sea and Aleutian Islands
eries usually target one fish species at a time. Due to the
areas (Total Allowable Catch (TAC) levels in 2011 and
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warming influence of the Atlantic current, commercial
fisheries in the Northeast Atlantic occur up towards the
Svalbard archipelago at 75° N. In the Northwest Atlantic, cold currents from the north keep fisheries at more
southerly latitudes, while the commercial fisheries in the
Bering Sea are limited to the area substantially south of
the Bering Strait at 65° N.
Illegal, unregulated and unreported (IUU) fisheries have
in the past been significant in the Arctic, in particular
in the high seas areas. Following developments in the
United Nations (UN) Convention on the Law of the Sea
in the last decades (see Section 18.2.2.3) and a substantial improvement in international co-operation, as well
as in domestic implementation, IUU fishing now appears
to be on the decline in the oceans surrounding the Arctic Ocean. In the Barents Sea cod fisheries, for example,
estimated unreported catches fell from 90,000 tonnes in
2002 to 15,000 tonnes in 2008, and have been close to
zero since 2009 (ICES 2011).
18.2.2.3. Management

The international legal foundation for fisheries management is the 1982 UN Convention on the Law of the Sea
(United Nations 1982). The Convention gives coastal
states sovereign rights over the natural resources in an
Exclusive Economic Zone (EEZ) of 200 nautical miles
(370 km), a duty to conserve and the right to utilize fish
stocks, and a duty to cooperate with other countries
on the management of transboundary fish stocks. The
global fisheries regime has been enhanced by the 1995
UN Fish Stocks Agreement (United Nations 1995), which
provides for a precautionary approach in management,
improved regional co-operation in the management of
fisheries on the high seas, and stricter enforcement of
regulations. The UN Food and Agriculture Organization
(FAO) has adopted a number of binding as well as nonbinding global instruments pertaining to various aspects
of fisheries and their management. The most recent is
the 2009 Port State Agreement, which aims to stop illegal
fishing by closing ports to boats containing illegal catch
(FAO 2009b).
This global framework applies also in the Arctic, and is
implemented by all Arctic Countries (the USA, though
not a party to the Law of the Sea Convention, nonetheless implements its provisions). A number of important
fish stocks in the sub-Arctic are transboundary and
shared by two or three countries. In such instances
countries cooperate through bilateral agreements on
fisheries management, as for example Norway and Russia do in the Barents Sea (Hønneland 2012). Where fish
stocks also occur on the high seas, regional fisheries
management organizations or arrangements (RFMOs/
RFMAs) should be established. In the Northeast Atlantic, the Northeast Atlantic Fisheries Commission
(NEAFC) has authority over the high seas areas, including areas beyond national jurisdiction in the European
sector of the Arctic Ocean (NEAFC 2012).
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Fisheries management essentially entails three functions,
the implementation of which is critical to the success of
resource management:
• the development of scientific understanding of the
stock in question, so as to estimate stock size, assess
impacts of the fishery and provide scientific advice on
catch levels;
• the establishment of science based regulations, so as to
limit the impact of the fishery on the resource and the
ecosystem; and
• the enforcement of these regulations.
The ways in which these three functions are institutionalized varies greatly between countries, depending on
political systems, whether fish stocks are owned by one
state or are transboundary, and regulatory traditions in
the coastal states. In the North Atlantic, the International Council for the Exploration of the Sea (ICES) plays a
critical role in the provision of scientific advice. Based
on the work of the marine science institutions in its
member states, the coastal states in the North Atlantic,
it provides an international review process and scientific
advice on management to its members, the EU Commission, and the regional fisheries management organizations in the region. The corresponding organization
in the North Pacific, the North Pacific Marine Science
Organization (PICES), does not provide management
advice for fisheries.
As to the regulation of fisheries, the TACs are set by
the coastal states in the case of fish stocks found in the
waters of one state (see Box 18.3). In the case of transboundary fish stocks TACs are set in various arrangements for international co-operation. The most important in the oceans surrounding the Arctic Ocean is the
Norway-Russia bilateral fisheries commission, which sets
quotas for Atlantic cod, haddock and capelin Mallotus villosus (Hoel 2008), as well as Greenland halibut Reinhardtius hippoglossoides. There are a substantial number of such
arrangements among the coastal states in the region,
as well as regional fisheries management organizations
for the high seas areas: the Northeast Atlantic Fisheries
Commission (NEAFC), the Northwest Atlantic Fisheries
Organization, and an international agreement covering
the so-called ‘donut hole’ in the Bering Sea.
Fisheries management is conducted by the coastal states
through regulations limiting participation in fisheries,
restricting quantities of catch and providing various restrictions on how, when and where a fishery can occur.
These management functions are institutionalized in
the Arctic coastal states. While the effectiveness in
implementation may vary over time and from country to
country, each has developed the institutional structures
associated with effective resource management. In particular, each has devised arrangements for rights-based
management, providing for allocation of fishing rights
among the participants in a fishery. In a recent, global
study this was found to be a critical determinant of effective fisheries management (Costello et al. 2009).
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Box 18.3. Maximum Sustainable Yield
in fisheries management
The 1982 Law of the Sea Convention establishes ‘Maximum Sustainable Yield’ as an objective for the management of living marine resources (Article 61.3). Since the
adoption of that convention, the ecosystem approach and
the precautionary approach have also become important
concepts to fisheries managers.
The International Council for the Exploration of the Sea
(ICES) describes MSY this way (ICES 2011):
Maximum sustainable yield is a broad conceptual
objective aimed at achieving the highest possible yield
over the long term (an infinitely long period of time).
In practice, MSY depends on:
• the production of the unit, which describes the relation between productivity and the size of the unit (e.g.
population biomass), which in turn depends on the
growth rates, natural mortality rates and reproductive
rates of the members of the production unit;
• interactions between members of the production unit
and interactions with other production units (intra- and
inter-specific interactions);
• environmental conditions (e.g. climate, environmental
quality), which affect production and intra- and interspecific interactions; and
• fishing practices and fishery selectivity that determine
the size and age composition of the catch (both the
landings and the discards). The models (mathematical
and conceptual) used to estimate MSY and associated
parameters typically assume that all of the factors not
explicitly included in the models remain constant. Thus,
MSY estimates are generally conditional on current
conditions and assumptions.

the North Pacific Fisheries Management Council states
that “Overall, the status of the stocks continues to appear
relatively favorable. No groundfish stocks are overfished”
(Plan Team 2009). The impression of well-managed
Arctic fisheries is also supported by the fact that several major fisheries (e.g. Alaska pollock and Norwegian
spring-spawning herring) in the oceans surrounding the
Arctic Ocean are certified by the Marine Stewardship
Council (MSC), which provides an independent, science
based assessment of fisheries.
There are, however, numerous examples of management failure also from these ocean regions surrounding
the Arctic Ocean. In the late 1960s Norwegian springspawning herring was heavily overfished, necessitating
a more than 20-year re-building period before the stock
recovered. Today it is one of the world’s largest fish
stocks and sustains one of the world’s largest fisheries.
Another example of management failure is that of Northwest Atlantic cod, which collapsed in the early 1990s
and has not since recovered. The most important cause
of the collapse was probably a failure to reduce catch levels sufficiently. In the Barents Sea, for example, cod was
severely overfished in the 1980s, leading to an extended
rebuilding period. The development of fisheries in the
longer term is associated with climatic conditions (ACIA
2005). A warm climate during the 1930s and 1940s led
to a substantial cod fishery off Greenland. With the onset
of a cooling climate in the 1960s this fishery disappeared
(see Fig. 6.15 in Christiansen & Reist, Chapter 6).
A new challenge to management regimes are alien
invasive species (see Lassuy & Lewis, Chapter 16). Red
king crab Paralithodes camtschaticus, not a native species in
the Northeast Atlantic, was introduced from the North
Pacific into NW Russian waters in the 1960s. In recent
years the stock has expanded vastly, providing for a
substantial coastal fishery as well as causing changes in
nearshore ecosystems.
18.2.2.4. Future concerns

The enforcement of such fisheries regulations is carried out by the coastal states in their Exclusive Economic
Zones (EEZ) and by the state whose flag a vessel is carrying on the high seas. Generally, enforcement systems
have been much strengthened over the last decade, with
increased international collaboration and the introduction of satellite-based vessel monitoring.
As stated above, in global perspective, therefore, major Arctic commercial fisheries currently appear to
be relatively well managed. While the status for most
commercial stocks globally leaves a lot to be desired
(FAO 2009a), the status of the major sub-Arctic fish
stocks is good. This conclusion is based on reports in
the case of the Barents Sea in the North Atlantic from
the International Council for the Exploration of the Sea
(ICES 2012a). For the Bering Sea and Aleutian Islands
the report that identified the scientific groundwork for

An important aspect of current fisheries management is
the gradual movement towards ecosystem-based management (FAO 2003). While there is an important distinction to be made between Ecosystem Based Management
(EBM) of oceans as opposed to management just of
fisheries, ecosystem based management of a fishery essentially means that its management has to be considered in
relation to its environment: how the environment affects
the fish stock in question, and how the fishery affects the
environment. EBM management is a process of developing new practices on the basis of existing ones, rather than
devising entirely new approaches in a short time. Many
countries are now in the process of developing and implementing such policies in this regard (Murawski 2007).
In the Arctic countries, fisheries management is gradually
taking EBM into consideration. This has implications for
all three management functions: the science underlying
the management of a fish stock has to be expanded so as
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to include information on how environmental factors are
likely to affect a fishery, as well as information on how
the fishery will impact its environment. For bottom
trawling, for instance, this means that its impact on benthic communities has to be considered. An example of
how this is done in practice can be found in the scientific
background material for the Bering Sea, which contains
explicit ecosystem considerations (Witherell et al. 2000,
Plan Team 2009). Countries are also becoming increasingly restrictive with regards to trawling in vulnerable
marine ecosystems (VMEs). The Northeast Atlantic
Fisheries Commission, for example, has introduced a
series of measures to protect VMEs since 2004 onwards.
For the regulation of a fishery, an ecosystem based approach entails restrictions set on a fishery that are configured to take the effects of environmental factors e.g.
changes in water temperatures into account. At the same
time, the impacts of the fishery on the ecosystem have
to be minimized, for example by placing restrictions on
the type of gear that can be employed in a given area. In
Norway, demersal fishing gear is not permitted in marine
protected areas in efforts to protect cold water corals.
These developments in management approaches take
place in the context of more ambitious schemes to
develop EBM in the Arctic seas. This is a global process,
and the Arctic countries are at the forefront of these
developments (Hoel 2009). At the 2009 Arctic Council Ministerial meeting of the Arctic Council in April
2009, a set of “Observed Best Practices in Ecosystembased Oceans Management in the Arctic Countries” was
adopted. At the 2011 ministerial, an ecosystem management expert group was appointed, and delivered to the
Arctic Council Ministerial held in May 2013 a set of
recommendations as to how EBM can be implemented
and supported within the Arctic.
It is expected that climate change will produce a more
pronounced warming in the Arctic than the global
average (ACIA 2005, Koç et al. 2009). One anticipated
effect is that marine ecosystems, including fish, will shift
northwards to adapt to changing oceanographic conditions (Vilhjamsson & Hoel 2005). It is, however, simplistic to assume that there will be a simple, linear response
in fish stocks to increased temperatures. The effects
of climate change on marine ecosystems are manifold
and complex. Major changes in density and distribution
of species can trigger significant changes in ecosystem
structures, with positive or negative consequences for
commercial fisheries (Loeng 2008). A critical aspect is
how primary production in the ocean will be affected by
climate change (Wassmann et al. 2011).
The reduction of sea ice in the central Arctic Ocean
has brought speculation that substantial fisheries may
develop there. In the USA, this has led the North Pacific
Fisheries Management Council (NPFMC) to adopt a
fisheries management plan for its Arctic Management
Area in 2009, consisting of the US EEZ north of the
Bering Strait (NPFMC 2009). Currently, there are
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virtually no commercial fisheries in the central Arctic
Ocean. The US plan does not cover fisheries under State
of Alaska waters, Pacific halibut Hippoglossus stenolepis,
salmon Oncorhyncus spp. or recreational and indigenous
fisheries. It does not permit any commercial fisheries at
this stage, and provides for a future development of commercial fisheries when sufficient information is available.

18.2.3. Commercial and subsistence hunting,
gathering and small-scale fishing
18.2.3.1. Introduction

Foods from wild animals, fish and plants provide nutritional and cultural sustenance for many Arctic peoples
and residents. Commercial fishing (discussed above) is a
profit-making enterprise. Much hunting and fishing in
the Arctic is or is regulated as sport hunting and fishing
(Section 18.2.4). A third category of consumptive use
encompasses a range of activities and purposes, with the
common characteristic that they are concerned primarily with the production of food for local consumption.
In addition to nutritional benefits, such activities often
have strong cultural significance, especially for indigenous peoples, and are often regulated separately from
sport hunting and fishing (see Box 18.4 for an example
concerning caribou). Traditional hunting, gathering and
fishing for food often involve the use of large areas of
land and sea. This section begins with a review of land
use, then addresses the nutritional and cultural significance of wild food production, and concludes with data
on harvest quantities, participation and trends.
18.2.3.2. Use of land and sea

Land use and occupancy studies initiated in Alaska in the
1960s (Arnold 1976) in the context of political action that
culminated in the 1971 Alaska Native Claims Settlement Act
illustrate the extent and intensity of land and natural resource use by Arctic indigenous peoples. By constructing
map biographies of the seasonal land and resource use of
each hunter or herder and collating and combining them
community by community and region by region, a detailed picture emerges of how, when, where, why and how
frequently and intensely the natural environment is used.
These studies reveal extensive travel and a geographically
vast use of the natural environment.
In the early to mid-1970s, 80-85% of Inuit hunters in
Canada’s Northwest and Yukon Territories were interviewed, and map biographies were prepared for each, revealing use and occupancy of slightly less than four million
km2 of land and ocean (Freeman 1976). A similar study,
entitled Our Footprints are Everywhere (Bryce-Bennett 1977),
was conducted in Labrador at the same time.
The map biography methodology has been further
refined and applied elsewhere in the circumpolar world.
In the late 1990s, this methodology was used to study
land use and occupancy of Saami residents in the Kola
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Peninsula of Russia focusing on the community of Lovozero (Robinson & Kassam 1998). During 2000-2010,
a major land use documentation study continued this
work in Kola (Mustonen & Mustonen 2011), documenting Eastern Saami oral histories, land use and occupancy
from the 1400s to 2010 with 64 maps. The Russian
Indigenous Peoples Association, RAIPON, documented
land use by the Nenets in the 2000s. In the near future
the Evenk of Southern Sakha-Yakutia plan to release
a similar land use and mapping atlas with toponymic
knowledge – such initiatives represent the very first of
their kind in the Russian context.
These studies support the efforts of Arctic indigenous
peoples to acquire legally enforceable rights to use,
manage and/or own land and natural resources in their
traditional territories. At the same time, however, land
use for hunting in northern Russia has decreased by
half since the 1980s and by two-thirds since the 1950s
(CAFF 2010).
18.2.3.3. Nutritional and cultural significance

Mixed economies that blend formal and informal economic activity are now the norm in the Arctic. Cash
is needed to purchase snowmobiles, rifles and other
paraphernalia required for hunting, herding and life on
the land (see Ross & Usher 1986 for further discussion
of mixed economies). Traditional food is shared among
extended families, reinforcing social ties as well as ties
to the land and sea (Nuttall 2005).
The diet of Arctic indigenous peoples has changed
considerably in recent years through the introduction of
non-local foods available from stores. Traditional foods
typically account for less than half of energy intake (e.g.
Hansen et al. 2008). In Greenland, for example, consumption of local foods ranged from 10% of the diet of
women in Nuuk to one quarter of the diet in the hunting districts of Uummannaq and Qaanaaq. The same
studies found that consumption of local foods also varied
by the age of the person, from an average of 13% local
food for those under 30 years of age to one quarter for
those older than 50 (Hansen et al. 2008). Nonetheless,
traditional foods can provide the majority of many vital
nutrients (protein, vitamins, minerals) in some communities (e.g. Kuhnlein & Receveur 2007).
Another indicator is participation in local food production, which can illustrate the cultural significance of
hunting, gathering and fishing. For example, a 2007
study in the Iñupiat community of Kivalina in Alaska
(Magdanz et al. 2007) found that at least one household
member in 95% of households surveyed had harvested
wild food that year. Sharing among households remains
important and widespread, so that levels of use are often
higher than levels of participation in the actual harvest.
In the Kivalina study, fish were the most widely used
(98% of households), followed by marine and land mammals (by 93%). The extent of use in Kivalina is typical of
most Alaska villages (ADF & G n.d.).

The annual replacement value of traditional food consumed by Inuit in Nunavut is approximately 40 million
CAD (Statistics Canada 2001). Moreover, beef, lamb,
cow milk, chicken eggs and other ‘southern’ foods are
often expensive in Arctic communities, though where
local foods are sold commercially, their prices may be
high as well. The 2010 Arctic Social Indicators report
(Larsen et al. 2010) prepared by the Arctic Council
Sustainable Development Working Group (SDWG)
proposed the consumption of country food as a key
indicator for ‘contact with nature’, which is deemed a
particularly important component of a healthy society in
the Arctic (e.g. Wheeler et al. 2010).
Flora and fauna do far more than sustain Arctic indigenous peoples economically and nutritionally. As many
researchers have concluded, the natural environment
provides the everyday context and basis for social identity, cultural survival and spiritual life. Hunting, fishing,
trapping, herding, gathering and the sharing and distribution of country food are the core of what Inuit refer
to as inummarit, which Brody (1975) synthesizes and
translates as ‘being a real Inuk’. Nuttall (2005) outlines
the importance of first catch celebrations by boys and
resulting sharing of food as a key component of cultural
validation and passing on of values, including respect for
nature, from one generation to the next.
Brody (1983) also notes that for Arctic indigenous peoples many features in the landscape are sacred places,
especially along migration routes, where animals reveal
themselves to hunters in dreams, or where people
encounter animal spirits while travelling. Oral histories
of Arctic indigenous peoples are replete with myths and
stories that elaborate the relationship between humans
and nature. Inuit, Dene, Saami, Nenets and other Arctic
indigenous peoples have rich and detailed vocabularies that describe how the natural world functions, and
have named places and components of the landscape
that to outsiders seem monotonous and featureless (see
also Barry et al., Chapter 20). Place names may well be
mnemonic devices to record detailed understandings of
the natural world. Indeed, Nuttall (2005) suggests that
place names summarize and store information about animals, landscapes, community histories and mythological
events. This raises fascinating and largely unexplored
questions about linkages between biodiversity conservation, traditional knowledge and language (see Barry et
al., Chapter 20).
18.2.3.4. Status and trends

Documentation of the harvest and use of wild foods
in the Arctic is inconsistent, with varied methods and
indicators in use, and often large gaps between surveys.
As a result, recent information, especially at regional
and national scales, is not available, nor is it simple
(or even possible in some cases) to compare harvest,
participation, consumption, and other indicators around
the Arctic. Instead, older information must be used,
supplemented where possible with information on recent
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Box 18.4. Caribou
Thomas Jung and Harvey Jessup
The abundance and availability of species and populations has a direct impact on the consumptive use of biodiversity. Surveys of barren ground caribou herds across
northern Canada and Alaska have shown significant
declines in populations. This has led to harvest restrictions on all hunter types. Inuvialuit subsistence harvesters
of the Bluenose and Bathurst Caribou Herds, faced with
harvest limitations, have shifted their attention to the
Porcupine Caribou Herd, a shared population between
Alaska, Yukon and Northwest Territories hunted traditionally by Gwitch’in subsistence harvesters and by licensed
hunters. Concerns over declining population trends
and increasing pressure from non-traditional harvesters
resulted in the imposition of controversial harvest restrictions on this key herd, one of the few Barren Ground
caribou herds in North America with a major highway
bisecting its winter range. In Canada, recreational hunters
of porcupine caribou now have a bag limit of a single bull
animal, down from a bag limit of two caribou of either sex.
The number of outfitters serving recreational hunters is
limited through the use of quotas. Subsistence harvesters,
though not limited in numbers, are restricted to harvesting bulls only.

trends, and quantitative comparisons are elusive (e.g.
Huntington et al. 1998). There is some evidence for
declines in harvest levels, but the importance of this
activity remains high (e.g. Wheeler et al. 2010). Data
on seabird harvests are perhaps the most readily available, and are summarized in Box 18.5 in the following
section.
In addition to quantitative information about harvest
levels and participation, there is considerable qualitative information demonstrating that nearly all available
local food resources are utilized at one time or another by Arctic communities (e.g. ADF & G n.d.). The
list of species used for food is lengthy, reflecting the
biodiversity of a given place. While only a few species
comprise the majority of the diet for most communities
(and those species vary by location), other species can
provide fresh meat at particular times of the year, some
variety in the diet, special flavors or nutrients, backup foods if the main species are unavailable, and the
chance for more people to participate in harvests. Thus,
the weight of foods harvested is only one indicator of
cultural significance, and consideration of the variety
of foods harvested is also important to understand the
importance of biodiversity and healthy ecosystems to
Arctic communities.
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In Alaska, harvests in the 1990s in areas largely beyond
the treeline in the Arctic, western and southwestern
parts of the state averaged, respectively, 234 kg, 301 kg,
and 169 kg of edible food per person per year (Wolfe
1998, 2000). In the Arctic area, marine mammals
comprised the largest share, at just over 40% of the
total harvest, followed by fish and terrestrial mammals
(Wheeler et al. 2010). In the other areas, fish contributed over 60% of the total harvest. In all areas, birds,
shellfish, plants and other foods made only modest contributions by weight. There are several indications that
overall harvest levels are declining around Alaska, due to
many factors, but the trend varies spatially and temporally, making it difficult to confirm any patterns in the
limited data that exist.
In Canada, the 1989 harvest in the Northwest Territories (NWT, which at the time included what is now Nunavut) was about five million kg of fish and animals, or
232 kg per person (Weihs et al. 1993). More recent data
from the current NWT focus on participation rather
than harvest (Northwest Territories Bureau of Statistics
2009). About half of NWT residents participate in hunting, fishing or trapping. 40-60% of the residents of small
communities obtain three quarters or more of their meat
and fish from hunting and fishing in the NWT, a figure
that has not changed in the past decade. In medium sized
communities, however, consumption of local fish and
meat appears to be declining. Participation in hunting,
fishing and trapping has declined in the past decade or
two, but appears to be stabilizing.
Local wild food production operates differently in
Greenland than in Canada or Alaska. The government
licenses professional hunters and fishermen, who sell
their products in local markets known as brædtet, which
have existed since the 18th century (Marquardt & Caulfield 1996). Professional hunters provide 80-90% of the
locally produced meat that is consumed, with the rest
coming from personal activity including sport hunting
(Rasmussen 2005). The number of active professional
hunters is decreasing, however, and the average age of
hunters has increased sharply in recent decades. In 1987,
half of the professional hunters were under 35 years of
age, whereas today only a quarter of the hunters are that
young. Another quarter of hunters are over 55 years old.
Informal exchange of hunting and fishing products in
small settlements remains important, but professional
hunting in Greenland is experiencing an overall downward trend (Nordregio 2010).
In Arctic Russia, there is both commercial hunting and
personal-use (or subsistence) hunting (CAFF 2010).
These activities were increasing in the late Soviet period, due to population increases in the region as well
as improved access and transportation, such as off-road
vehicles, snowmobiles and motor boats. In the postSoviet period, however, the population has dropped
across much of the Russian Arctic, and higher prices
have made access to hunting more difficult. As a result,
most commercial hunting activity has declined. Hunting
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of migratory birds, for example, has declined by 30-60%
in the Russian Arctic since the 1970s, which together
with reduced hunting and improved winter feeding
possibilities in Europe has resulted in sharply increasing
W Palearctic goose populations (see Ganter & Gaston,
Chapter 4). Subsistence hunting and fishing, however,
have increased, especially around settlements, as wild
foods have become increasingly important in local diets
due to the lack of alternatives. Traditional marine mammal harvests have been resumed in Chukotka, for example. At the same time, some illegal hunting has increased
as enforcement has declined. The future of hunting in
the Russian Arctic is tied closely to economic conditions
in the region and across the country, making projections
difficult at best (CAFF 2010).
Most hunting and fishing in Iceland, Finland, Norway
and Sweden is sport hunting and covered in Section
18.2.4. However in the Saami territories at the Norwegian-Finnish borderlands, the rivers Näätämö/Neiden
and Teno/Déatnu are important cultural repositories
of subsistence Saami fisheries. Along the Teno/Déatnu,
spring-time drift netting for salmon Salmo spp. as well as
the salmon dam fishery and netting are age-old practices that still contribute to community well-being and
renewal of traditions. Along the Näätämö/Neiden both
Skolt Saami and local Finns practice cultural fisheries.
The Finnish settlers on the Norwegian side continue to
harvest salmon with small seines designed for the fast
flowing rapids of the river. The annual catch is approximately 1,000 kg, and the practice is derived from the
Skolts who used to live in the community. Contemporary Skolts on the Finnish side maintain their net fishery
and family-owned customary fishing spots along the
Neiden river. The Skolt language is only spoken along
the Neiden today and the place names, stories, legends
and surviving traditional knowledge are crucially intertwined with the surviving net fishery. A co-management
plan with both Finns and Saami is being developed to
revitalize salmon hatching places and adapt to climate
change along the Neiden (Mustonen 2012).
Commercial exploitation of marine mammals occurs
in several Arctic countries. In Norway, minke whales
Balaenoptera acutorostrata (Wikipedia 2012a) and harp
seals Pagophilus groenlandicus are exploited, in Iceland
minke whales and fin whales Balaenoptera physalus are
hunted (Wikipedia 2012b), and in Canada harp seals are
hunted in the Northwest Atlantic. In Russia, harbor seals
Phoca vitulina are harvested in the White Sea (Wikipedia
2012c).
The hunting of marine mammals is, in the case of the
large whales, regulated globally by the 1946 International
Convention on the Regulation of Whaling (ICRW) (IWC
2012). In the North Atlantic, the North Atlantic Marine Mammal Commission (NAMMCO) is the regional
management body (NAMMCO 2012). ICES provides
scientific advice to member states on management (ICES
2012b).

18.2.3.5. Future concerns

While recognizing the significance of traditional hunting
and fishing practices to Arctic peoples, it is also important to note that such practices are not always synonymous with sustainability or conservation. The fact that
most populations of Arctic species remain healthy is a
positive sign of compatibility, but there are also examples of overharvest leading to population declines and
local exterminations (e.g. Koch 1945, Krupnik 1993,
Freese 2000). At the same time, there are examples of
distortion of population trends or predictions to foster
other political aims regarding Arctic peoples, so some
accounts of overhunting must be treated with skepticism
(e.g. Kulchyski & Tester 2007, Sandlos 2007). The political dimensions of indigenous rights, colonial legacies
and historical contexts are important, but do not change
the fact that harvests can pose risks to biodiversity, just
as harvests benefit in the long term from sustaining
biodiversity.

18.2.4. Recreational and sport hunting
18.2.4.1. Introduction

Both residents and visitors enjoy and use the Arctic
environment through the pursuit of recreational (sport)
fishing and hunting, which play an increasing role not
only in defining requirements as to the quality of the
environmental goods and services but also in the organization and goals of wildlife management regimes (Reis
& Higham 2009). Recreational and sport hunters and anglers derive considerable benefits from the biodiversity of
the Arctic, and their continued enjoyment of the Arctic
environment depends on healthy local fish and wildlife
populations. The ability of the biodiversity of the Arctic
to continue to provide harvest opportunities is, in part,
dependent on implementation of effective wildlife management practices, policies and regimes.
In the most general sense, recreational and sport
hunting can primarily be considered leisure activities,
although many northern residents likely would view it
as an intrinsic part of the social and cultural setting of
everyday life. However, the terms ‘recreational’, ‘sport’,
‘pleasure’, ‘hobby’, ‘leisure’, ‘spare-time’, ‘trophy’ and
‘non-occupational’ hunting indicate that the hunting
activities take place outside what is normally considered
the sphere of commercial or subsistence production.
These activities are in some cases intrinsically linked to
local traditions and cultures and in other cases to the
tourism or food industries. Recreational hunting may be
understood as dissimilar from commercial and subsistence hunting due to the different value put on hunting
activities. Both subsistence and commercial hunting
have an economic component, and in both systems
there is a strong link to livelihoods. In some cases, these
two modes of production interact and cannot be seen
as separate (Lonner 1986). Recreational hunting ap-
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proaches the activity more as consumption than production.
It is thus understood as part of a lifestyle rather than a
source of livelihood or even food production. Legislative
institutions in the Arctic have related to these systems
of production and consumption in a variety of ways and
as a result have constructed multiple and often different
categories of hunters – categories that in some cases may
not reflect the way people perceive their activities.
Consumption in this context is understood as the use
of biodiversity to satisfy needs or interests very often
related to the enjoyment derived from direct interaction
with the environment. This type of consumptive use of
the environment and biodiversity brings quality of life to
people (Vaske et al. 1986). As with production, consumption decisions and behavior by recreational hunters
are driven by values, and any change in cultural values
may both be limited by biodiversity status and trends,
and itself have potentially significant positive or negative
effects on biodiversity.
One of the most important potential benefits of recreational hunting is that residents and non-residents further
value biodiversity and the environment. Value attributed
to game populations and the environment that sustains
them can result in initiatives to protect these populations
and their habitat, which acts to conserve both the target
species and associated species (Loveridge et al. 2006). If
properly managed and monitored, the benefits may thus
outweigh potential disadvantages such as conflicts with
other users or provide reasons to combat overhunting
and environmental degradation (Lent 1971, Freese &
Trauger 2000).
18.2.4.2. Cultural dimensions

Recreational hunting often has an important cultural and
social significance that should not be underestimated,
but is difficult to quantify. For this category of hunters,
the direct interaction with wildlife in its natural environment is attractive (for example reflected by appreciation for biological diversity and the quality of the natural
setting), and recreational hunting can thus be characterized as driven by a multidimensional set of inter-related
motives (Radder 2005, Loveridge et al. 2006). The
opportunity to hunt is vitally important to many Arctic
residents, and often linked to a person’s sense of cultural
identity, even though the opportunity may not always be
used. Some recreational hunters maintain harvest rights,
although actual harvesting does not necessarily take
place (Sejersen 2003).
Many recreational hunters ascribe positive value to a
continuous relationship between humans, the environment and wildlife. These positive values may differ
immensely; some are moved by cultural ideas of ‘wilderness’ and ‘authenticity’ as something different from
modern urban life (e.g. Martin & Tyler 1995), where
nature is considered as a source for recreation, healing,
personal growth, inspiration and transformation (Jack-
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son 1986, Sande 2000, Daigle et al. 2002). For other
recreational hunters these ideas are far from the way
they consider their historical and contemporary relationship to the environment (Sejersen 2003).
In the Arctic, recreational and sport hunting is pursued
by both resident and non-resident, indigenous and nonindigenous hunters. The Arctic Human Development
Report (AHDR 2004) concludes that for the indigenous
peoples and other residents of the Arctic in particular, “failure to stay close to nature results in a loss of
roots and various forms of alienation from the natural
world. Separation from productive contact with nature
also gives rise to a detached view of the natural world
in which humans are perceived as alien and unwanted
intruders in a pristine wilderness.”
However, the opportunities and privileges of recreational and sport hunters and the qualitative and quantitative
impacts derived from and imposed on biodiversity are
closely linked to the rights-regime present in each region
(Orlove & Brush 1996, AHDR 2004).
18.2.4.3. Access to biodiversity

Interests of recreational hunters are considered in harvest
management regimes and governance of harvest rights,
which differ substantially between and within Arctic
countries. As a main tool to lay the groundwork for sharing of the benefits derived from the use of biodiversity,
management regimes differentiate hunters into categories
which are ascribed different rights and obligations.
The activities of recreational hunters are managed and
administered by including this user-group in a complex
corpus of rights, which is at times contested as it reflects
specific political priorities and cultural understandings of
property, user, access and disposition rights (see examples in Scott & Webber 2001, Sejersen 2001, Andersson
et al. 2007, Hull et al. 2007). Not only do these understandings differ among regions and cultures, but historical changes within the same region, as well as contemporary conflicts over the distribution of access and rights to
different user-groups, are also commonplace.
In some regions, recreational hunting is demarcated
clearly (e.g. Greenland) whereas in others regions the
category of recreational hunters merges into broader categories of hunters (e.g. Alaska and Canada). Due to these
policies, it is impossible to make a consistent analysis of
the number of recreational hunters and the size of their
harvest, as separate from subsistence and commercial
harvest, at a circumpolar scale. In Canada, for example,
it is not possible to make these comparisons even within
the country, as the legal classifications and licensing
requirements of hunters varies substantially between
various Canadian provinces and territories.
In the Arctic, both small and big game are attractive to
recreational hunters, but the popularity of particular
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Arctic species are in many cases migratory, and many
populations are thus exposed to recreational hunting
in more than one country, and in some cases outside
the Arctic as well as within. In some instances, international management regimes are established (e.g.
various migratory bird conventions and agreements) in
order to coordinate and manage the harvest of migratory species across political boundaries (Huntington
1992). For instance, it is widely accepted nowadays that
a ‘range-wide’ (flyway) approach is required for effective
conservation of migratory Arctic breeding waterbirds.
There are documented examples on how coordinated
international conservation measures and protection from
hunting on the wintering grounds has allowed Arctic
breeding population of certain waterbird species to
increase (Fox 2003, Hagemeijer et al. 2004, Ganter &
Gaston, Chapter 4).
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Figure 18.5. a) Numbers of commercial hunters (yellow) versus
number of recreational hunters (green) who have reported harvest
of seabirds since 1993 in Greenland; b) Numbers of Greenland
hunters who have reported harvest of caribou since 1993 (Department for Hunting and Fishing, Greenland, unpubl. data). In 1993
and 1994 caribou hunting was closed due to small population
sizes. From 1995 to 2000 there was a strict hunting quota, and
recreational hunters were only allowed to hunt few caribou (Jensen
& Christensen 2003). Due to increasing populations, the caribou
quota has increased for recreational hunters since 2000, which can
explain the peak in numbers of recreational caribou hunters. Note
that there has been a strong decrease in numbers of recreational
seabird hunters since 2000, at the same time that the caribou hunt
increased. This may indicate that hunters often look for replacement resources. However, there is no evidence that there is a clear
correlation between these observations. In 2002, new and stricter
hunting regulations for seabirds were introduced (Merkel 2010b).
This may partly explain the decrease of seabird hunters since 2002.

Seabirds in the Arctic are also migratory, and are among
the principal game species in many places both within
the Arctic (see Box 18.5) as well as outside. Therefore,
management and assessments, including harvest of
seabirds, has been a priority within CAFF where its Circumpolar Seabird Expert Group (CBird) has produced
conservation strategies and action plans for selected
seabird species (CAFF 1996, 1997, Gilchrist et al. 2008)
as well as a series of circumpolar assessments of seabird
harvests analyzing the current situation (Merkel 2010a;
see also Ganter & Gaston, Chapter 4).
Aside from the legal access to biodiversity afforded and
allocated by management regimes, the ability of biodiversity to support recreational hunting is also dependent
on physical access to game populations. The increased
availability, affordability and efficiency of different
means of transportation improve access by hunters, allowing them to more reliably obtain desired ecosystem
services. Today, a variety of means of transportation
are used, including boat, snowmobile, dog sledge, allterrain vehicle, car, helicopter and bush plane. Improved
snowmobile technology has allowed hunters to travel
more quickly to traditional hunting areas (Aporta &
Higgs 2005). This has allowed an increasingly urban
Arctic population to continue pursuits on the land, while
maintaining a lifestyle that is increasingly sedentary
and removed from daily interaction with the environment. Although improved technologies may sustain a
level of interaction with the environment, this may also
have negative impacts on biodiversity. Biodiversity that
was previously inaccessible and de facto protected from
harvest may now be susceptible to overharvest (Fig.
18.6; Due & Ingerslev 2000). For example, faster, more
reliable snowmobiles have allowed hunters in parts of
northern Canada and Russia to access larger numbers of
wolves than in previous years, and this has been a cause
of concern for biologists (Mitchell 2011). Similarly, in
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Box 18.5. Seabirds
Flemming Merkel and Tom Christensen
Seabirds are among the principal game species in many
places in the Arctic. However, human use of seabirds varies between the circumpolar nations, both in scale and in
form, and harvest methods have changed over time to include more efficient tools, making seabirds more exposed
to excessive harvest (Denlinger & Wohl 2001).
There is a tendency toward increasing seabird harvests
for cultural or recreational reasons, rather than for basic
subsistence or commercial purposes. In most countries,
commercial hunting of seabirds is forbidden, but in the
Faeroes, Iceland and Greenland it is legal to supplement
other sources of income by domestic or local sale of seabirds (Merkel & Barry 2008).

Figure 18.6. The regions of Greenland’s coastal areas that can be
reached on day trips by motorboat, shown by circles with a radius
of 100 km from communities of more than 1,000 inhabitants and
generally bigger boats and 50 km from settlements of less than
1,000 inhabitants with generally smaller boats. The figure illustrates
that no locations in the populated west coast of Greenland are out
of reach for hunters (Due & Ingerslev 2000).

The game species and the number of birds currently
harvested, or believed to be harvested, vary enormously
between the nations (see Box 18.5 Tab. 1). Over the past
three decades, depending on the country, harvest levels
have declined in most countries due to more restrictive
hunting regulations, declining seabird populations, fewer
or less active hunters, or a combination of these factors.
In some countries, particularly the Faeroes, Iceland and
Greenland, the decline in harvest has been drastic.
25

Northern
Upernavik
Southern
Upernavik

northwestern Canada, more advanced snowmobiles have
allowed people to access remote areas and overharvest
some winter fish stocks (Reid et al. 2010).
18.2.4.4. Status and trends

There are several drivers that impact the relationship
between recreational hunting and biodiversity. Changes
in society and cultural perceptions may work as strong
drivers in influencing the values, possibilities, behavior
and activities of this group of hunters. Some of these
drivers are global, while others are circumpolar or more
regional.
Urbanization is a circumpolar driver. Arctic urban
centers are growing rapidly fed by an influx of rural
Arctic and southern migration into Arctic urban centers
(Nielsen 2004). Other demographic changes, such as the
age composition of the human population, may also play
a role, if for example there were decreases in males of
hunting age (Hull et al. 2007, Matilainen 2007).

Annual decline (%)
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Box 18.5 Figure 1. Rate of population decline of bird colonies in the municipality of Upernavik in relation to distance to
the nearest settlement or town. The shorter the distance, the
greater the rate of decline (Evans & Kampp 1991).
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Although the impact of harvest on seabird populations is
often poorly documented in the Arctic as a result of limited
information on both seabird numbers and harvest levels,
there is no question that it has played a key role in the population dynamics of many species. There are examples of both
overharvesting causing substantial decreases in breeding
populations and rapid population recovery following major
changes in harvest regulation (Merkel & Barry 2008; see Fig.
1.4 in Meltofte et al., Chapter 1). There are also examples from
the Faeroes and elsewhere about traditional practices that
created sustainable harvests (e.g. Nørrevang 1978, 1986, Olsen & Nørrevang 2005), in addition to examples from Greenland and elsewhere over the years about rapid overhunting
of eiders Somateria spp. and other seabirds (e.g. Koch 1945).
Seabirds are often sensitive to reductions in adult survival
rates since they produce small clutch sizes and have delayed
maturity (Furness & Monaghan 1987). Anthropogenic stressors including overharvest have in some parts of their range
caused population declines (Gaston & Irons 2010). On a local
scale, such declines can also negatively affect the harvest
and thus reduce ecosystem services for future generations
(Falk & Kampp 2001). One example is the thick-billed murre
Uria lomvia colony in Sagdleq, close to the Greenlandic town
Uummannaq, where large numbers of these birds formerly
bred. Here, the population declined from at least 70,000 pairs
in 1949 to zero in 1987. Many other murre colonies in Greenland have seen similar declines or extirpations, so that except
for large intact colonies in the thinly populated Thule District
in N Greenland, less than 20% of breeding population is

currently left in the remaining Greenland colonies, compared
with the beginning of the 20th century (Kampp 1994 and F.
Merkel unpubl.). Perhaps in combination with large bycatches in salmon drift nets during the 1960s and 1970s (Tull et al.
1972, Falk 1998), local summer hunting close to the breeding
colony has been identified as the main reason for this decline
(Evans & Kampp 1991, Kampp 1994, Mosbech et al. 2009),
an interpretation that is supported by a close correlation
between proximity to settlements and rate of decline (Box
18.5 Fig. 1; see also Ganter & Gaston, Chapter 4).
By using this example, Falk and Kampp (2001) illustrated the
way in which an unsustainable harvest of thick-billed murres
can greatly reduce the goods and services to a local community for generations. They predicted that if the hunting
was carried out sustainably and on the right segment of the
population (young birds), the total harvest could have been
up to 14 times higher over a 120 year period than the actual
harvest. This corresponds to 1.3 million birds that could have
been harvested instead of the approximately 70,000 pairs and
their offspring that actually disappeared from the colony.
The thick-billed murre is still a very important seabird species
harvested in Greenland. Today all seabird species are protected in the spring and during the breeding season. For some
species such as common eider Somateria mollissima, reduced
harvests have had a documented positive effect on population level (Merkel 2010b, Ganter & Gaston, Chapter 4), though
for others, such as the thick-billed murre, it is unclear if existing regulations are sufficient to lead to population increases.

Box 18.5 Table 1. Seabird harvests around the Arctic (from Merkel 2010a). Pop. = population.
Country/region
US/Alaska
(sea ducks not
included)

No. of species
harvested
> 25

Most important
species

Estimated annual
seabird harvest

Estimated annual
egg harvest

Overall trend
in harvest

Reason for change

Auklets,
murres

30,000
(2001-2005)

145,000
(2001-2005)

Variable annually,
no trend evident
(1995-2005)

Survey methods
may not be comparable

Canada

8

Murres,
common eider

260,000
(2002-2008)

Some

Decreasing
(1980-2002)

Regulation and
fewer hunters

Faroe Islands

9

Fulmar,
puffin

65,000-240,000

1,000-12,000

Decreasing
(1980-2006)

Regulation and
decreasing pop.

Finland

6

Long-tailed duck,
common eider

31,000
(2000-2004)

Banned since 1962

Decreasing
(1995-2005)

Decreasing pop.
and regulation

Greenland

19

Thick-billed murre,
common eider

153,000-220,000
(2002-2006)

6,600
(2006)

Decreasing
(1993-2006)

Regulation and
fewer hunters

Iceland

19

Puffin,
common murre,
common eider
(down, eggs)

158,000-285,000
(2002-2007)

Many

Decreasing
(1995-2007)

Decreasing pop.
(except for common eider)

Norway/Svalbard

5/4

Gulls/
black guillemot

4,000/150
(1995-2008)

Some

Stable
(1995-2008)

-

Russia (west)

~10

Eiders,
murres,
gulls

?

Some 1000s
(<10,000) (illegal)

Increase in 1990s,
now stable or
decreasing

Changing law
enforcement and
social-economic
situation

Russia (east)

~20

Eiders,
alcids,
gulls,
terns,
cormorants

Eiders (50-62,000),
other seabirds
(~100,000, mainly
illegal) ~100.000
(mainly illegal)

~100,000
(mainly illegal)

Decrease in early
1990s and gradual
increase in 2000s

Changing law
enforcement and
social-economic
situation
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Box 18.6. Polar bear sport hunting in Canada:
cross-scale effects on recreational hunting regimes
Douglas Clark
The history of polar bear sport hunting in Canada is an
instructive example of how international-scale policy
processes and legislation can profoundly shape local
and regional recreational hunting regimes. Conservation
efforts for polar bears in Canada are based on the 1973
International Agreement on the Conservation of Polar Bears
and Their Habitat, and are implemented by provincial and
territorial governments, along with indigenous co-management organizations. With the 1973 passage of the
US Marine Mammal Protection Act, Canada became the
sole destination for polar bear sport hunters worldwide.
The 1973 International Agreement provides for signatory
countries to permit the harvest of polar bears by local and
aboriginal peoples exercising traditional rights. Within
Canada’s Northwest Territories and Nunavut, Inuit and
Inuvialuit communities have often decided to allocate
part of their existing polar bear quotas to visiting sport
hunters. Those quotas are based on established scientific
management principles, and international demand for
polar bears parts is not a factor in setting them (Environment Canada 2010).
Significantly, no community in Nunavut allocates its entire
quota for sport hunting; instead, the average is a little
over 20% per community (Dowsley 2009, Foote & Wenzel
2009), from a total of approximately 600 animals hunted
annually nationwide (Lunn et al. 2006). Guiding polar bear

Land use and hunting patterns of those in more urban
communities reflect different trends. For some users,
de facto access is often restricted by a number of factors
such as the lack of leisure time and the lack of hunting
knowledge and skills (Rutanen et al. 2007). Economic
factors such as decreasing disposable income, increasing
fuel prices or the cost of hunting equipment (particularly snowmobiles, boats and all-terrain vehicles) have a
strong negative influence on people’s abilities to pursue
recreational hunting, as transport has become expensive
to distant hunting locations. Nonetheless, high cultural
value is often placed upon hunting and outdoor lifestyles,
whether linked to the subsistence system (Fienup-Riordan 2000) or to recreational hunting. In Greenland and
much of northern Canada, about 80% of the population
lives in an urban setting, and hunting and fishing are still
continuously accentuated and developed because they
are considered an integral part of living in the Arctic. In
W Greenland, the number of motorboats has increased
tremendously (Rask 1993, Nielsen 1998, Due & Ingerslev 2000), sustaining recreational activities both near
the towns and also farther away as mobility has greatly
increased. In general, access to biodiversity has improved

hunts provides a range of important cultural and economic
benefits which have been thoroughly documented (e.g.
Keith et al. 2005, Wenzel 2005, 2009, Freeman & Wenzel 2006,
Foote & Wenzel 2007, Tyrrell 2009). The community benefits
associated with these provides a strong incentive to abide by
the quota system (Foote & Wenzel 2007). In the Northwest
Territories, tags from a failed hunt are returned and not reassigned, so maximum quotas there are rarely reached.
Polar bear sport hunters are predominantly American, so
when the US listed polar bears as a threatened species under
the Endangered Species Act in 2008, preventing importation
of polar bear hunt trophies, the clientele for polar bear hunts
in Canada was substantially reduced (Slavik 2009). A proposal by the US to list polar bears to Appendix I of the Convention on International Trade in Endangered Species, which was
narrowly defeated in 2010 and again in 2013, would have
effectively eliminated the entire international clientele. There
is considerable concern that these recent listing efforts are
reducing the economic incentives for indigenous people to
participate actively in polar bear co-management across the
Canadian Arctic (Foote & Wenzel 2009, Nirlungayuk & Lee
2009). Paradoxically, such international designations may
lead to more bears being killed when quotas are fully met
in the absence of sport hunters, and – speculatively – even
through deliberate violation of quotas by hunters who have
had enough of outside control of traditional activities.

considerably with improved transportation technology
(Klein 1972, Bernes 1996, Due & Ingerslev 2000). This
latter trend can be attributed to cash generating activities
and more secure jobs in urban areas. These two different
trends can be observed within the same urban areas due
to the existence of socio-economic stratification.
Parallel to the process involving improved mobility, the
number of private cabins is increasing in many regions
(Bernes 1996). In 1998 in Nuuk, Greenland 150 cabins
were registered. Three years later, in 2001 the number
had increased by two thirds to 250 (Nuup Kommunea
2003). In order to control this interest in outdoor life,
the municipality set aside special areas for recreational
purposes. In Iceland, a similar tendency can be seen
where the number of cabins tripled from 2,300 to 7,000
between 1973 and the beginning of the 1990s (Bernes
1996). The presence of cabins in the landscape improves
the conditions of recreational hunters, but it may place
high pressure on resources accessible close to urban
centers and in cabin areas, where use often peaks during
specific periods of time, such as weekends and holidays.
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Interest in experiencing the Arctic by non-residents is increasing (Snyder & Stonehouse 2007; see Section 18.3.2).
To the accomplished sport hunter, the Arctic may represent a unique opportunity to combine adventure, cultural
experiences, and the harvesting of unique trophy species
unavailable elsewhere, such as polar bear Ursus maritimus (see Box 18.6). It is anticipated that interest in sport
hunting by non-residents will increase for species new
to sport hunting, such as walrus Odobenus rosmarus, and
some indigenous guides in Nunavut, Canada, are asking
for increased quotas to meet the projected demand. Bans
on importation of trophies into non-Arctic countries may
however put limitations on the interests of non-resident
recreational hunters (Foote & Wenzel 2009).

18.2.4.5. Future concerns

As outdoor life in general is considered culturally important, authorities in many regions are setting up programs and school curricula to stimulate these activities.
In some regions (e.g. northern Scandinavia) it is estimated that the number of rural hunters will decrease
in the near future due to the age structure of rural
regions (Hull et al. 2007, Matilainen 2007) or due to
immigration trends (Rutanen et al. 2007). In contrast,
recreational hunting in Iceland is growing, even though
hunting does not have a significant role in society. From
1995 to 2006, the number of hunting permits increased
68% from 11,574 to 19,470 (Sigursteinsdóttir et al.
2007).

18.3. CULTURAL SERVICES

In the US, the 2006 National Survey of Fishing, Hunting
and Wildlife-Associated Recreation (US Fish and Wildlife Service 2008) indicated a decline in hunting participation by one quarter nationwide. These figures triggered a public concern that hunting was on its way out.
However, an analysis by the Alaska Department of Fish
and Game indicated that more than 174,000 residents
or one quarter of the Alaska population went hunting between 2003 and 2007 (Woodford 2009). State records
also indicate that between 56,000 and 66,000 resident
individuals participated in big game hunting in the period 2001 to 2006. The Alaska Department of Fish and
Game concluded that the number of hunters in Alaska
is stable, but due to a population increase in the state,
the percentage of the population that hunts is decreasing
(Woodford 2009).
In Greenland, the number of commercial hunters has
been stable (around 2,700) or slowly decreasing (Department for Hunting and Fishing, Greenland, unpubl.).
As the population of Greenland is rising, the relative
number of commercial hunters is indeed decreasing.
However, the number of recreational hunters decreased
by one third from 5,455 in 1993 to 3,609 in 2010 with
an extreme peak of 9,686 in 2002. This peak can be explained by management decisions and the availability of
attractive target species (in this case caribou) (Grønlands
Statistik 2008). The fluctuations in numbers of recreational license-holders and in their harvests indicate that
this category of hunters, is more open for recruitment
than the category of commercial hunters, and that their
harvest levels may change rapidly.

Recreational hunting is an important activity in the Arctic
for residents and non-residents with fluctuating intensity
and extent. The pursuits of this category of hunters may
have both positive and negative impacts on biodiversity.
The temporal and spatial impacts of activities are driven
by a multiplicity of factors such as demography, economy,
cultural values and management priorities, and prognoses
can be hard to formulate. The link between biodiversity
trends and recreational hunting increases in complexity, as
many of the target species are migratory and thus exposed
to recreational hunting outside the Arctic as well.

18.3.1. Tourism
18.3.1.1. Introduction

Arctic tourism began in the early 1800s. By the mid-19th
century the North American Arctic, Greenland and the
Scandinavian north especially had become venues for
small-scale but growing tourism, mainly ship-borne,
from the US and Europe. The industry has continued
to grow and diversify being stimulated in more recent
decades by the development of large-scale air transportation. Since the ending of the Cold War it has extended
into hitherto forbidden areas of Siberia.
Tourists are attracted to the remoteness of the Arctic,
the intrinsic beauty and grandeur of its mountains and
glaciers, its wildlife, history of exploration and indigenous people. Each summer season now sees tourists
outnumbering residents in most Arctic venues, and tourism has come to exert a substantial role in many polar
economies, not least providing a source of income tied
to healthy ecosystems.
A recent survey of polar tourism identified five overlapping but distinct market segments, “… each with its own
distinguishing visitor experiences and economic dimensions, involving different tourists’ motivations, expectations, on-site behaviour and resource uses” (Snyder
2007). These are:
1 the mass market, comprised of tourists primarily attracted to sightseeing in comfort;
2 the sport fishing and hunting market, with participants
pursuing fish and game in a wilderness setting (this
form of tourism is addressed above in Section 18.2.4);
3 the nature market, observing wildlife species in their
natural habitats and in the solitude of natural areas;
4 the adventure tourism market, providing visitors with a
sense of personal achievement from meeting challenges and potential perils; and
5 the culture and heritage market, in which tourists experience personal interactions with the lives and traditions of indigenous and local people, and with historic
places and artifacts.
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Each of these market sectors continues to grow and diversify (Snyder & Stonehouse 2007), energized by media
campaigns that compete for business in what has become
a multi-million dollar enterprise. For most of its history, Arctic tourism in most regions has largely been run
by entrepreneurs based and operating from outside the
Arctic. While Arctic residents have undoubtedly benefited to some degree, most of the profits have remained
outside the Arctic. Recent trends have resulted in more
equitable distribution of planning, financing and profits:
Arctic peoples themselves are exerting more decisive
and dominant roles, and insisting that their voices are
heard and views respected.
Arctic tourism is a major international market, and its
accurate portrayal requires recognition of its unique
geographic scope and diversity. ‘Arctic Tourism’ usually
begins at major cities that are often situated south of the
Arctic. These cities serve as important gateway communities providing entry points for tourists travelling by
means of vessels, commercial air transport, and a wide
variety of backcountry guide services. All Arctic nations and many local governments have made substantial
infrastructure investments in order to facilitate access to
Arctic areas with the intention of capturing a large share
of the market.
Mass tourism departs from these communities and then
disperses through the Arctic by means of historically
popular transits, shore excursion programs, and travel
aboard land based transport modes such as trains and
motor coaches. Individual travelers or small groups also
use gateway communities to gain access to the Arctic
and to serve as bases from which they pursue numerous
attractions such as sport fishing, hunting, trekking, kayaking, charter boating, mountaineering and many other
special interest activities.
Based on two centuries of experience, Arctic tourism
is a very mature industry. Tourism products include
recreation and cultural experiences in all seasons for
all Arctic nations and indigenous peoples’ lands. Recreational activities are constantly expanding due to the
invention of new technologies and the improvement of
cold weather clothing and equipment. The number of
persons engaged in each tourism activity are recorded
and evaluated by the several jurisdictions responsible
for natural and cultural resource management; governments seeking to expand economic development; local
governments endeavoring to establish a stronger economic base; and industry associations operating in the
Arctic. Those sources provide information regarding
the tourism experience, number of participants, duration and season use, receipts from licenses and fees,
personal expenditures and employment. Given disparate
motivations, the extent and rigor of tourism data varies
considerably among the reporting organizations. Brief
descriptions of four distinct Arctic tourism markets are
presented here (sport hunting having been discussed in
Section 18.2.4).
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Table 18.1. Marine incidents involving cruise ships in Arctic and
Antarctic waters (the same vessels often alternate polar region
according to season) (aggregated from reports from national coast
guards, admiralty courts and insurers, and www.cruisejunkie.com).
Marine incidents

Total
events

Events
since
2000

Percent
since
2000

Polar cruise ships
sunk
1979-2007

8

5

63

Polar cruise ships
running aground
1972-2009

27

16

59

Pollution and environmental
violations
1992-2009

64

42

65

Disabling by collisions,
fires and propusion loss
1979-2009

34

28

82

18.3.1.2. Mass tourism

The largest and fastest growing segment of the Arctic
tourism market is mass tourism. The steady advancement of new and improved transport technologies has
enabled increasing numbers of people to experience the
Arctic in comfort aboard ships, aircraft and trains. The
modernization of each of these transport modes and
intense competition among transportation companies
now provides a cost and time effective way for hundreds of thousands of people to travel to diverse Arctic
destinations. Since the end of World War II, the growing demand for tourism has been accompanied by Arctic
governments’ attempts to capture this very lucrative
market. Economic development strategies to attract the
tourism industry resulted in the expansion of existing
ports and airports and the development of new facilities
in previously inaccessible Arctic regions.
From the mid-1800s to the present, the vast majority of
Arctic tourists have traveled aboard cruise ships. Currently, cruise ships transiting northern and Arctic waters
carry hundreds of thousands of passengers to diverse,
and, for a large period of human history, unimaginable
destinations. Traditional destinations such as Norway’s
North Cape remain popular but are now supplemented
by journeys to the North Pole aboard nuclear powered
icebreakers or transits through the Northwest Passage
and Northern Sea Route. The cruise ships now under
construction will further expand both passenger capacity as well as the number of vessels serving the Arctic
market.
The popularity of mass tourism, and cruise ship travel
in particular, is clearly demonstrated by the growing
number of passengers touring Arctic nations (though not
necessarily to Arctic destinations within those nations
or regions; separating Arctic statistics from broader ones
can be difficult or impossible depending on the jurisdiction and how the statistics are compiled):
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 Norway: 370,000 cruise passengers visited Norway
as a whole in 2007, double the number that arrived
just seven years earlier in 2000. While the majority
do not travel north of the Arctic Circle, travel there
has also increased. For example, in 2007, Svalbard
had 45 cruise calls, 17 more than the year before.
 Iceland: Tourism is the nation’s second largest
industry, with annual growth of 9% since 1990. Modern air transport and cruise ships have enabled this
remarkable rate of growth. Since 2000, the annual
number of tourists visiting Iceland has exceeded the
number of Icelanders living there.
 Canada: Cruise ships to Arctic waters doubled in
just one year from 11 in 2005 to 22 in 2006. Inuitowned Cruise North Expeditions entered the market
in 2008 with trips to Ellesmere Island.
 Russia: The Northern Sea Route, White and Barents Seas now have cruise tourism. The Kamchatka
and Kola Peninsulas offer commercial air and marine
based sport fishing and wildlife tours.
 Alaska: In 2007, the number of cruise visitors was
1,029,800. This is an increase of 7.3% from the previous year. The vast majority of this traffic, however,
was outside the Arctic and sub-Arctic, with only a
few cruises reaching the Bering Sea or Arctic Ocean.
Some tourist traffic on flights to Arctic destinations
such as Barrow, Kotzebue, Nome and Anaktuvuk Pass
is most common in the summer months of June, July
and August, usually consisting of at most a few dozen
people a day (e.g. Huntington et al. 2007).
 Greenland: The number of cruise ship tourists increased from 9,655 on 13 ships in 2003 to 28,891 on
39 ships in 2008 (Grønlands Statistik 2010).
Major factors contributing to the growth of mass tourism include commercial airport development; decisions
by Arctic communities that tourism is a desirable economic activity; and how a warming climate is dramatically reducing the amount and extent of sea ice, historically the most significant barrier to Arctic travel. The
construction and expansion of commercial air facilities
to accommodate larger aircraft allows entry by a greater
number of tourists. The recognition by Arctic governments that tourism requires support to provide jobs and
revenues will assure its long-term presence.
The growing popularity of Arctic mass tourism now represents a significant challenge to environmental resource
managers and agencies responsible for providing emergency services. The number of tourists now greatly exceeds the host populations and infrastructure capacities
of Arctic communities. When large numbers of tourists
travel across either wilderness land expanses or polar
seas, there are insufficient resources to either monitor
their environmental impacts or provide assurance of a

timely response to their emergencies (AMSA 2009). The
adequacy of an emergency response is further reduced by
the vagaries of severe weather conditions and the paucity
of reliable communication networks. The reality of this
danger is obvious when reviewing the rapidly growing
number of marine incidents occurring in Arctic seas (see
Tab. 18.1 and Fig. 14.6 in Michel, Chapter 14).
18.3.1.3. Nature tourism

The Arctic’s unique, resident wildlife species and
seasonal congregation of migratory species represent
prominent tourist attractions (Snyder & Stonehouse
2007). The opportunity to view these animals within
a wilderness setting substantially adds to the nature
tourism experience. Large populations of marine and
terrestrial wildlife populations provide a diversity of
attractions that fuels a market of wildlife photographers,
wildlife enthusiasts and birders seeking to add to their
life lists. Most recently, tourists are travelling to the
Arctic to view animals at risk from climate change such
as polar bears and ringed seals Pusa hispida.
The Arctic also attracts nature tourists seeking a collection of essentially intangible qualities such as solitude,
enormous vistas, and environmentally wild and pristine
regions. These people value experiences that include
clean air, quiet settings, and the spontaneity of seeing
wild animals. Both the marine and land environments of
the Arctic can provide those unique settings and experiences. These experiences are delivered by means of
specialized tour companies. Their method of transport
may be ship, all-terrain vehicle or plane, but their scale
is small and their passengers generally share similar
values. These tourism activities are often characterized
as ‘expeditions’ that allow tourists to explore the Arctic
with knowledgeable guides and lecturers.
Currently, the nature tourism market is increasing with
people wishing to personally view the Arctic’s rapid climatic changes. There are also tours dedicated to sharing
the experiences of diminishing ice and wildlife species
threatened by a warming environment.
The management of nature tours is greatly dependent
on the service provider and the qualifications of their
personnel. In most cases, tour providers offer responsibly delivered experiences that respect both the quality
of the Arctic environment and the safety of the visitor.
Governments enforce a variety of maritime regulations
and guide licensing requirements. These are supplemented by international laws and regulations pertaining
to many aspects of the tour operation including vessel
management, endangered species protection and protection against environmental pollution. Despite these
safeguards, the hazards of Arctic weather, ice infested
seas and multiple intrusions of tourists at wildlife viewing sites can pose risks to the environment and to the
tourists themselves. On the other hand, nature tourists
are probably the most knowledgeable and concerned not
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to cause harm. Furthermore, they often become some of
the best advocates for nature conservation in the Arctic,
having experienced it firsthand.
A common belief appears to be that nature tourism can
play an important role in strategies for both sustainable
development and environmental conservation in the
Arctic. Yet studies on land have shown local degradation of low and high Arctic vegetation and soils from
hiking and camping by as few as 100 tourists annually,
with somewhat higher thresholds evident in sub-Arctic
regions (Forbes et al. 2004). In contrast to evidence
from other research, strategies for dispersing traffic that
were intended to reduce impacts were proven to actually
increase visible degradation (Forbes et al. 2004). Whoever operates future nature tours in the Arctic, the onus
will be on the governing bodies to mandate appropriate
guidelines, and the tour leaders and guides to carefully
educate and monitor their groups before allowing tourists to explore potentially sensitive areas. In some cases,
prohibiting access altogether may be merited when the
risks of damage (e.g. species introductions, wildlife or
habitat disturbance) are simply too great.
18.3.1.4. Adventure tourism

The Arctic’s adventure tourism market is constrained
only by the imagination of its participants. The adventurers are individualists seeking to experience the
exhilaration of personal accomplishment. Their exploits
may include ocean transits of unchartered coasts by sea
kayak or private yacht, mountain ascents by new routes
or during new seasons, or trekking vast Arctic expanses
on ski or snowshoe. In all instances they are usually
unaccompanied by local guides.
Most of the Arctic landmass may be characterized as
sparsely inhabited wilderness, and the majority of its
polar seas lack accurate hydrographic data and reliable
charts. These conditions represent the attraction of the
unknown to the adventurer and significant management
challenges to Arctic jurisdictions. Limited monitoring
and enforcement resources constrain effective environmental protection of both terrestrial and marine
environments. Jurisdictional ability to provide timely responses to adventurer emergencies is extremely difficult.
The growth of the adventure tourism market has been
remarkable in terms of both numbers and diversity of
activities. New recreation equipment technologies and
the popularity of extreme sports have contributed to
this growth. Improved transport technologies, reduced
sea ice, allowable jurisdictional entry, and promotion of
year round tourism are all contributing to the growth of
adventure tourism in the Arctic.
Currently, the best sources of adventure tourism information are the numerous specialized recreation publications and organizations that cater to the adventure
enthusiast. Adventurers such as mountaineers, kayakers,
rafters, skiers, mountain bikers and wilderness back-
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packers share exploits, test equipment and propose new
challenges in publications dedicated to their pursuits.
Clubs provide a social venue for sharing similar information, and equipment manufacturers sustain these sports
by technological innovations. Growing perceptions that
the Arctic is increasingly accessible will, most probably,
increase demand for this type of tourism.
18.3.1.5. Culture and heritage t ourism

Indigenous peoples throughout the circumpolar north
possess a rich diversity of cultures and traditional
practices that are popular tourist attractions. Cultural
values, subsistence practices, art forms, and lifestyles
adapted to polar seas and lands are unique characteristics that indigenous peoples can potentially share with
tourists. As indigenous peoples have progressively attained self-rule, the decisions to share their heritage and
cultural practices have increasingly been made by their
own governing institutions. This decisive role is at once
a vital function and a challenge. The realization of these
inherent conflicts offers considerable insight into the
current circumstances that characterize Arctic cultural
tourism.
The attainment of self-governance is accompanied by
the need to achieve economic self-sufficiency which will
provide jobs and revenues needed to support local communities and infrastructure. Subsistence economies do
not provide sufficient jobs and money needed to care for
entire indigenous populations living in modern societies.
One method for meeting that need and participating in a
global market economic system is to encourage tourism.
All Arctic governments strongly promote cultural tourism as a means of securing jobs, income and sales revenue, and preserving cultural traditions and languages.
The strong promotion of tourism by Greenland’s government provides a striking illustration of the benefits
and the stresses associated with the pursuit of this type
of economic development. In the year 2003, a total of 13
cruise ships made 164 port calls. By 2008 the number
had tripled with a total of 39 cruise ships making 375
port calls. The number of cruise ship passengers who
arrived in 2008 was 24,999 persons in addition to the
crew and staff that accompanied them. This amounted
to over 44% of the total population of Greenland. Given
this numerical perspective, there are real challenges associated with the preservation of cultural values and the
capacities of local infrastructure.
The promotion of cultural tourism is accompanied by
stresses caused by insufficient infrastructure and emergency response services and intrusive behavior by some
tourists. Consequently, the achievement of a successful
Arctic cultural tourism program requires the difficult
balancing of local values, capacities and natural resources with the economic necessities of jobs and incomes.
Furthermore, balancing local activities such as hunting
with visitors’ interests such as viewing undisturbed and
approachable wildlife can be difficult.
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18.3.1.6. Future concerns

Compared with some earlier forms of exploitation e.g.
commercial whaling, mineral extraction and military
exploitation, tourism has so far proved largely benign
toward the sensitive environment in which it takes place.
Environmental impacts due to tourism are typically
modest; environmental damage due to tourism is hard to
identify, except perhaps in truly wilderness areas where
the very presence of people can be regarded as an intrusion. Tour operators, equally as responsible for management as government agencies, have every reason to keep
tour operations as ecologically friendly as possible. Thus
far they appear to have largely succeeded.
The downside is that polar tourism is expanding faster
than the development of the infrastructure required
to exert any reasonable control over the effects of
tourism. Tourism in wilderness areas is difficult and
expensive to manage effectively, due in part to poor
revenues, and in large part to the relative scarcity, in
under-populated areas, of qualified guides, rangers
and others to maintain safety standards and environmental quality. Regional and national desires to attract
tourist revenue may also override local concerns (e.g.
Mustonen & Mustonen 2011). Such is the case with the
internationally owned salmon tourist camps in Kola
Peninsula, where local Saami and Komi are prevented
from accessing traditional salmon fisheries.
Mass tourism to popular areas are the most manageable activities: massed tourists bring sizeable revenues
that can pay for the infrastructure required in guiding,
ranging, policing, monitoring and providing the safety
factors on which continuing tourism depends. However, the recent advent of cruise liners creates special
problems for maritime agencies. Big ships operating in
Greenland waters, for example, cannot expect the coastguard services and safeguards provided by wealthier and
more populous countries.
Sport fishing and hunting, along with culture and heritage tourism, are usually well organized and controlled,
again in recognized locations where revenues accrue and
management is relatively easy. More difficult to manage are the visits to vast tracts of wilderness attractive
to nature-lovers and adventurers, areas wider and more
remote than any form of governance can adequately
supervise or manage.
Arctic tourism is flourishing, bringing pleasure to millions of tourists and benefits to many communities. All
Arctic governments need to welcome tourism with caution, and to manage its progress with wisdom and care.

18.3.2. Non-market values
Cultural services are not limited to hands-on experiences with Arctic biodiversity. Many people benefit from
the fact that Arctic biodiversity exists, and enjoy the fact
of sharing a world with iconic polar bears and charis-

matic Inuit and Saami, or appreciate the fact that such
biodiversity will remain available to their descendants to
enjoy, to use or to make new discoveries. Such values are
typically expressed in terms of what they mean to people, but there is also a case for biodiversity having value
for its own sake, regardless of human subjectivity. While
the characteristics of such values may be described,
placing a monetary or other quantitative value on them
is less exact practice, though still worth attempting, as
discussed below.
18.3.2.1. Definitions and significance

Existence value: People, organizations and institutions worldwide can find value in the biodiversity of
the Arctic. A vast array of printed and electronic media
highlighting Arctic wildlife, and adventure contribute to
awareness and knowledge about the Arctic. Many people
can value Arctic ecosystems and species just by knowing that they exist and are healthy, even if those people
never visit the Arctic or receive direct benefits from
Arctic ecosystem processes or services.
Option value: In addition, people may value Arctic ecosystems for a possible future benefit they may directly
derive from them. For example, people may wish to have
the option to visit the Arctic in the future. Or perhaps
an Arctic plant may prove at some future time to have
pharmaceutical or other commercial values.
Bequest value: People may value the biodiversity of Arctic ecosystems because they wish to ensure that future
generations benefit from these places or processes. For
example, they want to know that their grandchildren
and great grandchildren will have the opportunity to
see a polar bear, visit the Arctic coastal plain, or benefit
from knowing that migratory birds such as the Arctic
tern Sternea paradisaea or the sandhill crane Grus canadensis have intact and productive breeding grounds.
Cultural value: This is different than the perceptions of
existence value held by economists and most resource
managers. Indigenous residents in the Arctic have a holistic view of themselves and humans as part of, rather than
separate from, the larger ecosystem that includes plants,
animals, landforms, water and weather (Cajete 2000,
Kovach 2009). The cultural and individual identity of
Arctic peoples, is intimately linked to their surroundings.
In this value system, Arctic biodiversity is directly linked
to cultural identity and survival, especially through
linguistic diversity and survival. While indigenous values
of Arctic biodiversity include direct use values for food,
clothing, shelter, subsistence harvest, ceremonies and the
like, they also include the existence value of biodiversity,
which is linked to adaptive capacity and cultural survival
(Berkes 1999, Krupnik & Jolly 2002).
Intrinsic value: Philosophers have defined intrinsic value
in nature as a value in and of itself regardless of any
human benefit which can be derived from it. This is an
important concept in environmental ethics and is recog-
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nized by The Convention on Biological Diversity (CBD)
and the US National Research Council (Callicott 1986,
NRC 2004, CBD 2012).
18.3.2.2. Measurement and indicators

Ecosystem service values are measured by economists
through several means including revealed-preference,
stated-preference and replacement costs. These involve
methods such as hedonic pricing, travel cost and hypothetical scenarios known as the contingent valuation
method (CVM). CVM is the most common economic
method for estimating existence values. Responses are
collected on per individual or per household basis for
willingness to pay for a good or service, or willingness
to accept payment for the destruction of a good or service (Walsh et al. 1984, Freeman 1993, Hanley & Spash
1993). Other methods involving deliberation and decision matrices have been proposed to capture ecosystem
values (Wilson & Howarth 2002).
Key issues to consider in the economic valuation of
ecosystem services include connections between ecological and economic context, geographic scope and spatial
and temporal scale. It is important to consider whether
the valuation estimates marginal (i.e. per unit) value
or average value as well as the implicit assumptions and
uncertainties (NRC 2004). When estimating value over
time, economists use what is known as a discount rate to
account for the difference in value in the present versus
value in the future. If a high discount rate is used, then
the future value will be less than if a low discount rate
is used. Thus, selection of the discount rate can influence the outcome of ecosystem valuation. In addition, as
noted above, since there is a high degree of interdependency within and between ecosystems, the geographic
scope, spatial and temporal scale of analysis will impact
the valuation outcome. Finally, economic valuation often
assumes that substitute goods or services will be available. However, on a global and regional scale, substitutes
for ecosystem goods and services often do not exist
(Daily et al. 2000).
Based on synthesis of existing research at the time, Colt
(2001) estimated net economic value of existence values
of Alaska ecosystems to range from 309 million USD to
9,652 million USD. These include two Alaska-specific
studies that found annual willingness to pay of 3 USD
per US household to prevent an oil spill such as that
which occurred in Prince William Sound by the Exxon
Valdez tanker and 25-50 USD annual willingness to pay
per US household to preserve wildlife habitat in subArctic Bristol Bay (1997 USD equivalent). While largely
or entirely south of the Arctic, the results of these studies are representative of reported existence values for
ecosystem services in northern latitudes.
Costanza et al. (1997) estimated the total value of all
ecosystem services in the biosphere to approximately
equal or exceed global gross national product (mean 33
trillion USD). Colt (2001) applied Costanza’s meth-
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odology and arrived at a rough estimate of the value of
Alaska’s ecosystem services to be 1.2-1.6 billion USD
annually (1998 dollars). The interdependence of provisioning, regulating and cultural ecosystem services may
also require simultaneous consideration of a constellation of values in resource management and conservation
practice, whereby measurement of existence values are
just one part of the overall valuation of ecosystem services (Heal et al. 2001).
Other indicators of Arctic existence values could be
membership in, volunteering for, and financial contributions to conservation organizations that support Arctic
protection. These include international organizations
such as The Nature Conservancy and World Wide Fund
for Nature as well as specific national or regional organizations in each country. In addition, the funds that these
organizations spend in public education campaigns about
Arctic biodiversity and protection can be an indicator of
existence, option and bequest values.
Both formal legal protection, such as the Endangered
Species Act in the US, and public campaigns for species
protection can be seen as indicators of existence value of
Arctic biodiversity (see Huntington et al., Chapter 19).
The value of intact, functioning ecosystems (i.e. not
just distinct endangered species) is reflected in national
and international management practices and priorities,
for example those based in ecosystem management and
adaptive management (Norton & Steinemann 2001).
Because Arctic indigenous peoples rely directly on
functioning and healthy Arctic ecosystems for cultural
identity as well as for food and other goods and services,
the existence value of Arctic biodiversity from the indigenous perspective described above has also been framed
as a human-rights issue. Thus, the number and extent of
law suits, or statements to the United Nations and Arctic
Council by indigenous groups regarding the rights of
Arctic native peoples, may also be an indicator of existence value (McLean et al. 2009, Trainor et al. 2009).
18.3.2.3. Future concerns

Based on economic and other indicators of existence
value of Arctic biodiversity, it is reasonable to project
that existence value will remain constant or increase
over time. Economic measures of existence value are a
function of population (individuals or households) and
stated willingness to pay, which in turn is a function of
ability to pay. Based on analysis of all Arctic countries
from 2000-2005, Mäenpää (2008) reported that the
population of the Arctic increased overall in that period,
but with considerable variation by country including
some with Arctic population declines. In this period,
the USA, Canada and Iceland showed overall population
growth, including in Arctic areas of ~5-7%. These same
countries also had three of the top four highest reported
per capita Gross Regional Product and the highest
household disposable income in 2005 in both Arctic and
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non-Arctic regions (the fourth is Norway, which experienced a decline in its Arctic population in the 20002005 study period). In this same time period, Arctic
countries experienced overall economic growth in both
Arctic and non-Arctic regions from ~1% (Denmark)
to ~8% (Russia) (Mäenpää 2008). With a longer-term
view, the Arctic Human Development Report (AHDR
2004) reported an overall population increase in Arctic
countries between 1940 and 2000. For countries experiencing population decline during a given reporting
period, that decline was less than 1% with the exception
of Russia which experienced 2% per year population
decline between 1989 and 2002 (Bogoyavlenskiy & Siggner 2004).
Overall, given anticipated increases in population and
economic conditions, it is reasonable to anticipate that
economic measures of the existence value of Arctic biodiversity will increase over the next one to two decades.
Colt (2001) projects increasing economic existence
values in Alaska:
“Looking ahead between 50 and 100 years, it is clear
that Alaska’s functioning, protected ecosystems will
become increasingly valuable global assets in a crowded industrialized world. Direct use values are likely
to decline in relative importance while existence values are likely to increase significantly. It is likely that
world population, average per capita income and average education levels will all double within the next
25 to 50 years, leading to an eight-fold increase in the
key factors that drive up existence value. In addition,
the continuing degradation of other ecosystems in
other places will further increase the relative scarcity
and hence the value of Alaska’s ecosystems. And the
increasing pressure to manage global environmental
change will put an increasing premium on scientific
knowledge gained from large-scale ecosystems that
are not human-dominated. Alaska is one of the few
places likely to retain such large areas of undisturbed
lands and waters.”
As climate change impacts the Arctic, and valued
ecosystems and species become increasingly scarce,
the non-market values of Arctic ecosystems can be
expected to rise. The Arctic is experiencing, and likely
will continue to experience, rapid warming that results
in dramatic ecological changes such as reductions in sea
ice extent and thickness, sudden and gradual drying of
lakes, decreases in surface water availability, increased
risk of wildfire, warming permafrost, northward shifts
in species distributions and overall increasing annual
temperatures that allow for the introduction of exotic
species and for changes in pests, insects and disease
(ACIA 2005, Markon et al. 2012, Ims & Ehrich, Chapter
12, Wrona & Reist, Chapter 13, Michel, Chapter 14,
Lassuy & Lewis, Chapter 16). Given these existing and
expected future changes, it is reasonable to anticipate increasing stress on habitats and thus increasing listings of
threatened and endangered species. These stresses may
lead to scarcity and thus increased value of ecosystem

properties and services. It is also theoretically possible
that ecosystem changes due to climate change may lead
to new species and new conditions that have added nonmarket values. However, the exact nature of these new
values cannot be determined at this time.
Although dependent on administrative priorities, there is
a growing trend away from single-resource management
and towards ecosystem-based management, indicating
increasing priorities for system approaches and growing
values over time for ecosystem function, health and biodiversity (Chapin et al. 2009). Finally, indigenous groups
are gaining momentum in organizing and asserting their
values and rights for Arctic ecosystems. These trends
may help to stabilize those aspects of the Arctic ecosystems that are valued outside of the market and may also
lead to greater awareness of non-market values and more
people ascribing non-market value to Arctic ecosystems.

18.4. DISCUSSION AND
CONCLUSIONS
Arctic ecosystems provide a wide range of services locally and globally. The specific services described in the
preceding sections, while not exhaustive, are important
examples. Without Arctic ecosystems, the world would
be a poorer place economically, ecologically and culturally. To some extent, the value of ecosystem services in
the Arctic can be calculated or estimated in monetary
terms. Commercial fishing, for example, is a profitmaking enterprise, and the value of fish landed and of
ancillary activities in fishing communities is an oftenreported figure, used among other purposes to advocate
for various management approaches or decisions. The
value of cultural reliance on local foods, on the other
hand, is typically considered in qualitative terms, with
reference to an inherent worth that cannot be reduced
to a monetary figure. That said, economists routinely
derive at least an implied value of things such as the life
of an individual human being, based for example on the
extent to which society is willing to accept greater risks
in the name of efficiency. While few would wish to see
a price tag put on their lives or the lives of their loved
ones, it is also clear that society will not expend limitless
resources to protect or save people from harm. Similarly, though the idea that a species may have a finite value
to human society might not be the most welcome, it is
also clear that reducing to zero the level of human impact on the environment is not feasible without a return
to prehistoric ways of life (TEEB 2010).
This chapter has introduced a range of ecosystem services together with the quantitative and qualitative metrics
and descriptions that can be used to show the status of
those services at the present time. This effort establishes
a baseline against which change can be recognized and
measured, with the caution that a snapshot of conditions
in the early 21st century provides relatively little context
for the state of the environment and society at that mo-
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ment. Further research and analysis on trends in ecosystem services would help provide more detail for understanding future gains and losses. For example, a service
that has been declining but becomes stable may show
promise, whereas a service that has been increasing but
becomes stable may indicate an area of concern. Tradeoffs among services must also be taken into account,
recognizing that an increase in one service may come at
the expense of another. Additional research is needed to
better quantify individual services, and also to provide
a basis for comparison across ecosystem services and in
contrast to other components of the Arctic system such
as mineral resources and their extraction. Estimating the
monetary value of all services offers one way to develop
a common metric, but should be approached with caution and a recognition that the value of some services
may be difficult to capture in their entirety.
One challenge faced in this review of ecosystem services is the availability of data to support an assessment.
Some data, such as commercial fisheries harvests, is
routinely reported and generally available. Nonetheless,
there remains the possibility of unreported harvests or
intentionally erroneous reports. Data for other services,
such as traditional hunting or existence values, may be
available only for certain regions or species, leaving the
potential for under-reporting of the aggregate value to
human society. Furthermore, there is overlap among
services. Traditional hunting, for example, provides
food, clothing and other material benefits to Arctic
peoples. It also provides a sense of identity and a basis
for culture, including language perpetuation and thus
linguistic diversity (see Barry et al., Chapter 20). The
abundance of books, magazine articles and other materials on Arctic peoples attests to the value placed on
them and their way of life by people around the world.
Thus the act of hunting a caribou or a seal is potentially
far greater than the sum of the nutrients and energy the
animal provides to those fortunate enough to eat it.

18.4.1. Data availability
An assessment of ecosystem services, as with any other
such undertaking, can only be as good as the data upon
which it relies. Data availability for the services described in this chapter is variable by service, region and
time. While some services can be estimated based on
limited data, a comparison over time is difficult if data
collection methods or practices change. A systematic approach to data collection is desirable, as has been noted
in other assessments of aspects of the Arctic environment (e.g. Baffrey & Huntington 2010 and the Circumpolar Biodiversity Monitoring Program). What data can
be realistically gathered is another question. The evaluation of ecosystem services is unlikely to be sufficient
justification for an extensive data gathering effort. On
the other hand, such an evaluation can be a worthwhile
and valuable additional outcome to a broad monitoring
effort. Commercial fisheries catches are required by
law to be reported, providing a reliable and continuous
data stream. Traditional hunting and fishing, however,
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is reported sporadically, depending on region, making
even a snapshot of harvest levels difficult to obtain on a
wide scale. Existence values are perhaps the most elusive
to document on a regular basis, but can nonetheless be
gauged in part by simple indicators such as membership or contribution levels in organizations that promote
healthy Arctic ecosystems, or by media coverage of Arctic issues as a reflection of widespread interest outside
the region.
Further analysis and discussion of data needs is required,
ideally as part of a wider discussion of data gathering.

18.4.2. Provisioning and cultural services in
perspective
Provisioning and cultural services capture at least a
portion of the value of Arctic ecosystems and ecosystem services to people. But the Arctic provides other
services and values, such as the worth of mineral and
petroleum resources that are extracted and exported to
other parts of the world. While a simple comparison of
costs cannot and should not be the sole basis for deciding whether a development project should be undertaken, monetary gains and profits are nonetheless regularly
considered against environmental impacts. McDonald et
al. (2006), in a survey of Arctic economies, found that
the value of mineral and petroleum extraction dwarfed
fisheries, forestry and agriculture in northern Canada,
Alaska and Russia in 2002. In Greenland, Iceland and
the Faroe Islands, however, fisheries made a far larger
contribution to gross domestic product than did mining
and petroleum activities. This is not to say that there
is a simple trade-off between renewable and non-renewable resource exploitation, but merely to point out
that a simple measure of the value of a single ecosystem
service (commercial fisheries) allows an equally simple
comparison with extractive industries to place the commercial value of ecosystem services in a wider context
of national or regional economies. A wider evaluation of
ecosystem services may help avoid the pitfall of comparing a limited indicator (commercial fisheries, but not all
other ecosystem services) with a more comprehensive
indicator (the value of a purely economic activity such
as petroleum extraction). Even if extractive values are
greater than those provided by an intact ecosystem, it is
important to protect ecosystem functions and services
as much as possible when engaging in activities that
threaten them.
18.4.3. Arctic provisioning and cultural
services in a global context
Arctic and surrounding seas produce more than 10% of
global marine fisheries catches by weight and 5.3% of
global crustacean catches (Lindholt 2006). As other regions are overfished, the percentage of catches from the
Arctic may increase, even as global catches are declining.
Pinning down global percentages for many other services
is likely to be more difficult, but one attempt to quantify
in economic terms the loss of climate regulation services
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from a melting cryosphere put the cost of global climate
services lost in 2010 at 61-371 billion USD (Euskirchen
et al. 2010; see also Huntington, Chapter 19). The value
of cumulative services likely to be lost from 2010 to
2050 was placed at 2.4-24 trillion USD. This estimate
does not explicitly include Arctic ecosystem services beyond climate regulation, though the valuation of impacts
does aggregate loss of global ecosystem services. As
ecosystems elsewhere in the world are subject to increasing pressure and degradation, the value of intact Arctic
ecosystems, viable populations of large predators, and
other components of the Arctic are likely to become correspondingly more prominent. Existence values, tourism
and other such services will thus increase as well.

18.4.4. Other services to consider in future
The Millennium Ecosystem Assessment (2005) identifies a number of services and sub-categories under the
provisioning, regulating and cultural headings. As Tab.
18.2 shows, many potential ecosystem services have
not been addressed in this chapter. Some, such as crop

production, do not typically occur north of the treeline,
and thus are outside the strict definition of the Arctic
used in this report. Others, such as fresh water, have not
received a great deal of attention in the Arctic, in some
cases because they may not be perceived as services in
short supply or under threat. Nonetheless, future assessments of Arctic ecosystem services should examine this
list, among others, to determine which services might
usefully be added, if sufficient information is available.

18.4.5. Trends
Six ecosystem services are evaluated in this chapter, and
rough trends are indicated in Tab. 18.3. Assessing trends
is difficult because there can be great regional disparities, conflicting trends depending on the time scale in
question, and simply because an ‘increase’ may not be a
good thing. For example, increasing existence values for
the Arctic may in part reflect loss of intact ecosystems,
landscapes and species in the rest of the world. Increasing commercial fisheries catches may indicate increased
productivity, or poor management. A better measure

MEA category

MEA service

MEA sub-category

Covered in this chapter

Provisioning
Services

Food

Crops

No

Livestock

Reindeer herding

Capture fisheries

Commercial fisheries

Aquaculture

No

Wild foods

Commercial and subsistence
hunting, gathering and
small-scale fishing

Timber

No

Cotton, hemp, silk

No

Wood fuel

No

Fiber

Cultural
Services

Genetic resources

No

Biochemicals, natural medicines,
pharmaceuticals

No

Fresh water

No

Spiritual and r eligious values

(see Barry et al., Chapter 20)

Aesthetic values

Existence values

Recreation and ecotourism

Tourism; recreational and
sport hunting

Service

Trend

Notes

Reindeer herding

?

Reindeer herding is highly variable

Commercial fisheries

?

Some fisheries have seen increased catches, others have
seen decreases; fisheries management appears robust
overall in the Arctic

Commercial and subsistence
hunting, gathering and smallscale fishing

?

Traditional activities are decreasing in some areas,
increasing in others, often in response to population and
other demographic trends

Recreational and sport hunting
and fishing

Increasing

The Arctic is an increasingly popular destination

Tourism

Increasing

The Arctic is an increasingly popular destination

Existence values

Increasing

Areas perceived as ‘unspoiled’ are decreasing worldwide,
raising the value of those left, such as much of the Arctic

Table 18.2. Provisioning and
cultural services identified in
the Millennium Ecosystem
Assessment (2005), compared
with the six services examined
in this chapter. Note that two
other MEA categories (supporting services, regulating
services) are not addressed in
this chapter.

Table 18.3. Trends in the six
ecosystem services examined
in this chapter. Note that an
increasing trend is not necessary a good thing overall, as increased use of Arctic resources
may lead to increased conflicts
among user groups, or increasing existence values may be the
result of decreased wilderness
areas or wild species, creating
higher value for what remains.
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might be the extent of effective fisheries management
regimes, rather than catch levels. Here, too, further
work would be useful to identify key indices and assess
trends individually and in aggregate to determine how
best to characterize the state of Arctic ecosystems and
the services they provide to human beings.

18.4.6. Conclusions
Ecosystem services in the Arctic are important economically, environmentally and culturally. These services
benefit Arctic residents directly, providing food and material benefits as well as supporting indigenous cultures,
including language. The Arctic ecosystem also serves the
rest of the world, as a destination for tourism in various forms, simply by existing, and by providing a large
amount of food from commercial fisheries and reindeer
husbandry. Recognition of the importance of these
services, and an assessment of how they are changing, is
vital to design effective Arctic conservation strategies.
At the same time, ecosystem services must be viewed
in a wider context. First, the services are not necessarily compatible. For example, the allocation of hunting
or fishing rights may pit one user group against another,
resulting in a debate about the relative values of different types of use. At the same time, the Arctic and its
resources have value for humans in other ways, such as
extractive industries like mining and oil and gas. While
extraction is not necessarily incompatible with a healthy
ecosystem, there are usually impacts of one form or
another, and the value of extraction is weighed – implicitly or explicitly – against the value of the ecosystem
services that may be lost. Such comparisons may be
inherently uneven, in that they compare a direct value
(e.g. barrels of oil extracted) with values that are often
indirect and difficult to quantify (e.g. the existence value
of a polar bear). Furthermore, indirect services are often
diffuse, and thus most measures may be partial rather
than comprehensive. Nonetheless, an articulation of the
values of ecosystem services is necessary to understand
what is at stake from environmental degradation, and
to understand the benefits of conservation of the Arctic
environment.
This assessment of ecosystem services should be seen
as preliminary, providing what we hope is a useful
baseline for future comparisons, but also recognized
as incomplete in that many services, such as the provision of freshwater, have not been addressed, and the full
value of some services has probably been underestimated
because their full dimensions have not yet been encompassed. Further studies of ecosystem services, their
delineation and their valuation are necessary to provide
a more complete picture of the many ways that human
societies benefit from the Arctic ecosystem. Arctic biodiversity is a world heritage, its significance extending
around the globe in ways we are only beginning to see.

Arctic Biodiversity Assessment

ACKNOWLEDGEMENTS
We thank the US Fish and Wildlife Service for providing core funding for the preparation of this chapter. We
thank the many agencies and organizations that have
supported the research that is the basis for the sections
of this chapter, along with those who have supported the
preparation of the sections themselves. And we thank
the reviewers, who provided constructive comments
that improved the chapter.

REFERENCES
ACIA 2005. Arctic Climate Impact Assessment. Cambridge University Press, Cambridge.
ADF & G n.d. Community Subsistence Information System.
www.adfg.alaska.gov/sb/CSIS/ [accessed 22 June 2011]
AHDR 2004. Arctic Human Development Report. Stefansson
Arctic Institute, Akureyri, Iceland.
Alexander, C., Bynum, N., Johnson, E., King, U., Mustonen,
T., Neofotis, P. et al. 2011. Linking indigenous and scientific
knowledge of climate change. BioScience 61: 477-484.
AMSA 2009. Arctic Marine Shipping Assessment 2009 Report.
Protection of the Arctic Marine Environment, Ottawa,
Canada.
Andersson, M., Gyllbring, H. & Dahl, F. 2007. Hunting and hunting tourism in Sweden – country overview. In: A. Matilainen
(ed.). Sustainable Hunting Tourism – Business Opportunity in
Northern Areas? Overview of Hunting and Hunting Tourism in Four
Northern Countries: Finland, Sweden, Iceland and Canada, pp 31-47.
University of Helsinki, Ruralia Institute, Helsinki.
Aporta, C. & Higgs, E. 2005. Satellite culture. Global positioning
systems, Inuit wayfinding, and the need for a new account of
technology. Current Anthropology 46:729-753.
Arnold, R.D. 1976. Alaska Native Land Claims. The Alaska Native
Foundation, Anchorage.
Baffrey, M. & Huntington, H.P. 2010. Social and economic effects. In: AMAP. Oil and Gas Assessment. Arctic Monitoring
and Assessment Program, Oslo.
Bat’yanova, E.P. 2008. Chukchi. In: L. Sillanpää (ed.). Awakening Siberia – From Marginalization to Self-Determination: the
Small Indigenous Nations of Northern Russia on the Eve of the
Millennium. Acta Politica No. 33.
Berkes, F. 1999. Sacred Ecology: Traditional Ecological Knowledge and Resource Management. Taylor & Francis, Philadelphia.
Bernes, C. 1996. The Nordic Arctic Environment – Unspoilt,
Exploited, Polluted? Nord 1996:26.
Bogoyavlenskiy, D. & Siggner, A. 2004. Arctic Demography. In:
Arctic Human Development Report, pp 27-41. Stefansson
Arctic Institute, Akureyri.
Brody, H. 1975. The People’s Land: Eskimos and Whites in the
Eastern Arctic. Penguin, Harmondsworth.
Brody, H. 1983. Maps and Dreams: Indians and the British Columbia Frontier. Penguin, Harmondsworth.
Bryce-Bennett, C. (ed.) 1977. Our Footprints Are Everywhere:
Inuit Land Use and Occupancy in Labrador. Labrador Inuit
Association, Nain.
CAFF 1996. International Murre Conservation Strategy and Action Plan. Conservation of Arctic Flora and Fauna, Akureyri,
Iceland.
CAFF 1997. Circumpolar Eider Conservation Strategy and Action Plan. Conservation of Arctic Flora and Fauna, Akureyri,
Iceland.
CAFF 2010. Arctic Biodiversity Trends 2010: Selected Indicators
of Change. Conservation of Arctic Flora and Fauna, Akureyri.
Cajete, G. 2000. Native Science, Natural Laws of Interdependence. Clear Light Publishers, Santa Fe.

Chapter 18 • Provisioning and Cultural Services

Callicott, J.B. 1986. On the Intrinsic Value of Nonhuman Species.
In: B.G. Norton (ed.). The Preservation of Species, pp 138171. Princeton University Press, Princeton.
Cambridge Conservation Initiative and BirdLife International
2011. Measuring and monitoring ecosystem services at the site
scale. Cambridge Conservation Initiative and BirdLife International, Cambridge.
CBD 2012. Convention on Biological Diversity. www.cbd.int/
convention/articles/?a=cbd-00 [accessed 11 April 2012].
Chapin, F.S. III, Carpenter, S.R., Kofinas, G.P., Folke, C., Abel,
N., Clark, W.C. et al. 2009. Ecosystem stewardship: sustainability strategies for a rapidly changing planet. Trends in Ecology and Evolution 24: 241-249.
Christie, A. & Finstad, G.L. 2009. Reindeer in the “Great Land”:
Alaska’s red meat industry. Journal of Agricultural & Food
Information 10: 354-373.
Colt, S. 2001. The Economic Importance of Healthy Alaska Ecosystems. Institute of Social and Economic Research, University
of Alaska Anchorage, Anchorage. www.iser.uaa.alaska.edu/
ResourceStudies/healthy_ecosystems.pdf [accessed 28 June
2011]
Costanza, R., d’Arge, S., de Groot, R., Farber, S., Grasso, M.,
Hannon, B. et al. 1997. The value of the world’s ecosystem
services and natural capital. Nature 387: 253-260.
Costello, C., Gaines, S.D. & Lynham, J. 2009. Can catch shares
prevent fisheries collapse? Science 321: 1678-1681.
Daigle, J.J., Hrubes, D. & Ajzen, I. 2002. A comparative study of
beliefs, attitudes and values among hunters, wildlife viewers and other outdoor recreationists. Human Dimensions of
Wildlife 7: 1-19.
Daily, G.C. 1997. Nature’s services: societal dependence on natural ecosystems. Island Press, Washington DC.
Daily, G.C., Söderkvist, T., Aniyar, S., Arrow, K., Dasgupta, P.,
Ehrlich, P. et al. 2000. The value of nature and the nature of
value. Science 289: 395-396.
Denlinger, L. & Wohl, K. (eds.), 2001. Seabird harvest regimes in
the Circumpolar Nations. CAFF Technical Report No. 9.
Dowsley, M. 2009. Inuit organized polar bear sport hunting in
Nunavut Territory, Canada. Journal of Ecotourism 8: 161-175.
Due, R. & Ingerslev, T. 2000. Naturbeskyttelse i Grønland. Teknisk Rapport nr. 29. Grønlands Naturinstitut, Nuuk.
Environment Canada 2010. Management and international trade
of polar bears from Canada. www.cites.org/eng/cop/15/inf/
E15i-11.pdf [accessed 8 January 2010]
Euskirchen, E., Goodstein, E. & Huntington, H.P. 2010. An initial
estimate of the cost of lost climate regulation services due
to changes in the Arctic cryosphere. www.oceansnorth.org/
arctic-treasure [accessed 14 June 2011]
Evans, P. & Kampp, K. 1991. Recent changes in thick-billed
murre populations. Canadian Wildlife Service Occasional
Paper 69: 7-14.
Falk, K. 1998. Review of seabird bycatch in Greenland. In: V. Bakken & K. Falk (eds.). Incidental take of seabirds in commercial fisheries in the Arctic countries, pp 18-23. Circumpolar
Seabird Working Group (CSWG), Akureyri.
Falk, K. & Kampp, K. 2001. Lomvien i Grønland: mulige effekter
af forskellige bestandspåvirkede faktorer, og praktiske grænser
for ressourceudnyttelse. Teknisk rapport nr. 38. Pinngortitaleriffik, Grønlands Naturinstitut, Nuuk.
FAO 2003. The ecosystem approach to fisheries. FAO Technical
Guidelines for Responsible Fisheries, No. 4, Suppl. 2.
FAO 2009a. The State of world Fisheries and Aquaculture. FAO,
Rome.
FAO 2009b. Port state agreement. www.fao.org/Legal/treaties/037t-e.pdf [accessed 12 January 2010]
Fienup-Riordan, A. 2000. Hunting tradition in a changing world.
Rutgers, New Brunswick.
Foote, L. & Wenzel, G.W. 2007. Conservation hunting concepts,
Canada’s Inuit and polar bear hunting. In: B. Lovelock (ed.).
Tourism and the Consumption of Wildlife: Hunting, Shooting
and Sport Fishing, pp. 188-212. Routledge, London.
Foote, L. & Wenzel, G.W. 2009. Polar bear conservation hunting
in Canada: Economics, culture, and unintended consequences.

623
In: M. Freeman & A.L. Foote (eds.). Inuit, Polar Bears, and
Sustainable Use, pp 13-24. Canadian Circumpolar Institute
Press, Edmonton.
Forbes, B.C., Monz, C. & Tolvanen, A. 2004. Tourism ecological
impacts in terrestrial polar ecosystems. In: R. Buckley (ed.).
Environmental Impacts of Ecotourism, pp. 155-170. CAB
International, Wallingford.
Fox, A.D. 2003. The Greenland White-fronted Goose Anser
albifrons flavirostris: the annual cycle of a migratory herbivore
on the European continental fringe. Unpublished doctoral
dissertation (DSc). National Environmental Research Institute,
Denmark.
Freeman, M.M.R. (ed.) 1976. Inuit Land Use and Occupancy
Project. 3 vols. Department of Supply and Services Canada,
Ottawa.
Freeman, M.A.I. 1993. The Measurement of Environmental and
Resource Values. Resources For The Future, Washington.
Freeman, M.M.R. & Wenzel, G.W. 2006. The nature and significance of polar bear conservation hunting in the Canadian
Arctic. Arctic 59: 21-30.
Freese, C.H. 2000. The consumptive use of wild species in the
Arctic: challenges and opportunities for ecological sustainability. World Wildlife Fund, Toronto.
Freese, C.H. & Trauger, D.L. 2000. Wildlife markets and biodiversity conservation in North America. Wildlife Society
Bulletin 28: 42-51.
Furness, R.W. & Monaghan, P. 1987. Seabird Ecology. Blackie,
Glasgow.
Gaston, T. & Irons, D. 2010. Seabirds – murres (guillemots). In:
Arctic Biodiversity Trends – selected indicators of change, pp
35-37. CAFF International Secretariat, Akureyri.
Gilchrist, G., Strøm, H., Gavrilov, V.M. & Mosbech, A. 2008. International Ivory Gull Conservation Strategy and Action Plan.
CAFF Technical Report No. 18.
Glomsrød, S. & Aslaksen, I. 2006. The Economy of the North.
Statistics Norway, Oslo.
Grønlands Statistik 2008. Kalaallit Nunaat Grønland 2008. Statistisk årbog. Grønlands Statistik, Nuuk.
Grønlands Statistik 2010. Kalaallit Nunaat Grønland 2009. Stastistisk årbog. Grønlands Statistik, Nuuk.
Hagemeijer, W., Long, W.L. & Mundkur, T. 2004. Discussion
Paper: Global and Flywayscale Monitoring and Conservation
Programs for Migratory Waterbirds of the Arctic. A Cooperation Strategy between CAFF and Wetlands International. CAFF
CBMP Report No. 7.
Hanley, N. & Spash, C. 1993. Cost Benefit Analysis and the Environment. Edward Elgar, Brookfield.
Hansen, J.C., Deutch, B. & Odland, J.Ø. 2008. Dietary transition and contaminants in the Arctic: emphasis on Greenland.
Circumpolar Health Supplements 2008:2.
Heal, G., Daily, G.C., Ehrlick, P.R., Salzman, J., Boggs, C.,
Hellmann, J. et al. 2001. Protecting natural capital through
ecosystem service districts. Stanford Environmental Law Journal 20: 333-364.
Hoel, A.H. 2008. Best practices in fisheries management – experiences from the Norwegian – Russian cooperation. In: P.
Aalto, H. Blakkisrund & H. Smith (eds.). The New Northern
Dimension of the European Neighborhood, pp 54-70. Centre
for European Policy Studies, Brussels.
Hoel, A.H. (ed.) 2009. Best Practices in Ecosystem-based Oceans
Management in the Arctic. Report 129, Norwegian Polar
Institute, Tromsø.
Hoel, A.H & Vilhjamsson, H. 2005. Fisheries, commercial. In:
M. Nuttall (ed.). Encyclopedia of the Arctic, pp 635-641.
Routledge, London.
Hønneland, G. 2012. Making fishery agreements work. Edward
Elgar, Cheltenham.
Hull, J., Patterson, C. & Davidson, G. 2007. Overview of the
big game outfitting industry in Newfoundland and Labrador,
Canada. In: A. Matilainen (ed.). Sustainable Hunting Tourism
– Business Opportunity in Northern Areas? Overview of Hunting
and Hunting Tourism in Four Northern Countries: Finland, Sweden,

624
Iceland and Canada, pp 59-92. University of Helsinki, Ruralia
Institute, Helsinki.
Huntington, H.P. 1992. Wildlife Management and Subsistence
Hunting in Alaska. Belhaven Press, London.
Huntington, H.P., Mosli, J.H. & Shustov, V. 1998. Peoples of the
Arctic: characteristics of human populations relevant to pollution
issues. In: AMAP Assessment Report, pp. 141-182. AMAP, Oslo.
Huntington, H.P., Freeman, M., Lucey, B., Spearman, G. &
Whiting, A. 2007. Tourism in rural Alaska. In: J.M. Snyder &
B. Stonehouse (eds.). Prospects for Polar Tourism, pp. 71-83.
CAB International, Wallingford.
ICES 2011. General context of ICES advice. www.ices.dk/committe/acom/comwork/report/2011/2011/General%20context%20of%20ICES%20advice.pdf [accessed 9 April 2012]
ICES 2012a. Report of the ICES Advisory Committee, 2010.
International Council for the Exploration of the Sea. www.
ices.dk/products/icesadvice/2010/ICES%20ADVICE%20
2010%20Book%203.pdf [accessed 4 April 2012]
ICES 2012b. International Council for the Exploration of the Sea.
www.ices.dk/indexfla.asp [accessed 9 April 2012]
International Centre for Reindeer Husbandry 2011. Reindeer
Husbandry and Barents 2030. Impacts of future petroleum
development on reindeer husbandry in the Barents Region. icr.
arcticportal.org/images/stories/documents/projects/barentsposter01.pdf [accessed 4 April 2012]
IWC 2012. International Whaling Commission. iwcoffice.org/
commission/convention.htm [accessed 9 April 2012]
Jackson, E.L. 1986. Outdoor recreation participation and attitudes to the environment. Leisure Studies 5: 1-23.
Jensen, D.B. & Christensen, K.D. (eds). 2003. The Biodiversity
of Greenland – a Country Study. Technical Report No. 55.
Pinngortitaleriffik, Grønlands Naturinstitut, Nuuk.
Jernsletten, J.L. & Klokov, K. 2002. Sustainable Reindeer Husbandry, Arctic Council 2000-2002. Center of Sami Studies,
University of Tromsø, Tromsø.
Keith, D., Arqviq, J., Kamookak, L., Ameralik, J. & the Gjoa
Haven Hunters’ and Trappers’ Organization 2005. Inuit qaujimaningit nanirnut: Inuit knowledge of polar bears. Solstice
Series No. 4. Canadian Circumpolar Institute, Edmonton.
Klein, D. 1972. Problems in conservation of mammals in the
North. Biological Conservation 4: 97-101.
Klokov, K. 2007. Reindeer husbandry in Russia. International
Journal of Entrepreneurship and Small Business 4: 726-784.
Klokov, K.B. 2011. National fluctuations and regional variations
in domesticated reindeer numbers in the Russian North: some
possible explanations. Sibirica 10: 23-47.
Koç, N., Njåstad, B., Armstrong, R., Corell, R.W., Jensen, D.D.,
Leslie, K.R. et al. (eds.) 2009: Melting Snow and Ice: A Call
for Action. Centre for Ice, Climate, and Ecosystems, Norwegian Polar Institute, Tromsø.
Koch, L. 1945. The East Greenland Ice. Meddelelser om Grønland 130:3.
Kovach, M. 2009. Indigenous Methodologies. University of
Toronto, Toronto.
Krupnik, I.I. 1993. Arctic Adaptations. University of New England Press, Hanover.
Krupnik, I. & Jolly, D. (eds.) 2002. The Earth is Faster Now: Indigenous Observations of Arctic Environmental Change. Arctic
Research Consortium of the United States, Fairbanks.
Kuhnlein, H.V. & Receveur, O. 2007. Local cultural animal food
contributes high levels of nutrients for Arctic Canadian Indigenous adults and children. Journal of Nutrition 137: 1110-1114.
Kulchyski, P. & Tester, F.J. 2007. Kiumajut (talking back). University of British Columbia, Vancouver.
Larsen, J.N., Schweitzer, P. & Fondahl, G. (eds.) 2010. Arctic
Social Indicators. Nordic Council of Ministers, Copenhagen.
Lent, P. 1971. Muskox management controversies in North
America. Biological Conservation 3: 255-263.
Lie, I., Vistnes, I. & Nellemann, C. 2006. Hyttebygging i reindriftsområder. Omfang av hyttebygging, konsekvenser for
reindrift, og plan- og saksbehandling i områder med Samisk
reindrift. Norut NIBR Finnmark rapport 2006:5.

Arctic Biodiversity Assessment

Lindholt, L. 2006. Arctic natural resources in a global perspective. In: S. Glomsrød & I. Aslaksen (eds.). The economy of the
North, pp 27-39. Statistics Norway, Oslo.
Loeng, H. (ed.). 2008: Klimaendringer i Barentshavet (Climate
Change in the Barents Sea). Report 126, Norwegian Polar
Institute, Tromsø.
Lonner, T.D. 1986. Subsistence as an economic system in Alaska:
Theoretical observations and management implications. In: S.J.
Langdon (ed.). Contemporary Alaskan Native Economies, pp.
15-29. University Press of America, Lanham.
Loveridge, A.J., Reynolds, J.C. & Milner-Gulland, E.J. 2006.
Does sport hunting benefit conservation? In: D.W. Macdonald
& K. Service (eds.). Key Topics in Conservation Biology, pp.
224-240. Blackwell, Oxford.
Lunn, N.J., Branigan, M., Carpenter, L., Chaulk, K., Doidge, B.,
Galipeau, J. et al. 2006. Polar bear management in Canada,
2001-2004. In: J. Aars, N.J. Lunn & A.E. Derocher (eds.).
Polar Bears: Proceedings of the 14th Working Meeting of the
IUCN/SSC Polar Bear Specialist Group, 20–24 June 2005,
Seattle, Washington, USA, pp 101-116. IUCN, Gland.
Mäenpää, I. 2008. Comparative analysis of Arctic economies
at macro level. In: S. Glomsrød & I. Aslaksen (eds.). The
Economy of the North 2008. Statistics Norway, Oslo.
Magdanz, J.S., Braem, N.S., Robbins, B.C. & Koster, D.S. 2007.
Subsistence Harvests in Northwest Alaska, Kivalina and Noatak. Technical Paper No. 354. Alaska Department of Fish and
Game, Juneau.
Markon, C., Trainor, S.F. & Chapin, F.S. III, eds. 2012. The United
States National Climate Assessment – Alaska Technical Regional Report. U.S. Geological Survey Circular 1379.
Marquardt, O. & Caulfield, R.A. 1996. Development of West
Greenlandic markets for country foods since the 18th century.
Arctic 49: 107-119.
Martin, V.G. & Tyler, N. (eds.) 1995. Arctic Wilderness. North
American Press, Golden.
Matilainen, A. (ed.) 2007. Sustainable Hunting Tourism – Business
Opportunity in Northern Areas? Overview of Hunting and Hunting
Tourism in Four Northern Countries: Finland, Sweden, Iceland and
Canada. University of Helsinki. Ruralia Institute, Helsinki.
McDonald, H., Glomsrød, S. & Mäenpää, I. 2006. Arctic
economy within Arctic nations. In: S. Glomsrød & I. Aslaksen (eds.). The Economy of the North, pp. 41-63. Statistics
Norway, Oslo.
McLean, K.G., Ramos-Castillo, A., Gross, T., Johnston, S.,
Vierros, M. & Noa, R. 2009. Report of the Indigenous Peoples’ Global Summit on Climate Change: 20-24 April 2009,
Anchorage, Alaska. United Nations University, Traditional
Knowledge Initiative, Darwin.
MEA 2005. Millennium Ecosystem Assessment. Ecosystems and
Human Well-Being: Synthesis. Island Press, Washington.
Merkel, F.R. 2010a. Seabird harvest. In: Arctic Biodiversity
Trends 2010 – Selected Indicators of Change, pp. 89-91. CAFF
International Secretariat, Akureyri.
Merkel, F. 2010b. Evidence of recent population recovery in common eiders breeding in Western Greenland. Journal of Wildlife
Management 74: 1869-1874.
Merkel, F.R. & Barry, T. (eds.) 2008. Seabird harvest in the Arctic.
CAFF Technical Report No. 16.
Mitchell, A. 2011. Snowmobile hunt claims hundreds of wolves:
Biologists worried about impact of subarctic slaughter. The
Globe and Mail, 26 February 2011.
Mosbech, A., Merkel, F.R., Boertmann, D., Falk, K., Frederiksen,
M., Johansen, K. & Sonne, C. 2009. Thick-billed murre studies
in Disko Bay (Ritenbenk) West Greenland. NERI Technical
Report No. 749, National Environmental Research Institute,
Roskilde.
Murawski, S.A. 2007. Ten myths concerning ecosystem approaches to marine resource management. Marine Policy 31:
681–690.
Mustonen, T. 2009. Karhun väen ajast-aikojen avartuva avara.
Tutkimus kolmen euraasialaisen luontaistalousyhteisön paikallisesta tiedosta pohjoisen ilmastonmuutoksen kehyksessä.
University of Joensu, Joensuu.

Chapter 18 • Provisioning and Cultural Services

Mustonen, T. 2012. Metsäveri – Aslak Ola Aikion elämää ja tarinoita. Snowchange Cooperative.
Mustonen, T. & Mustonen, K. 2011. Eastern Sámi Atlas. Snowchange, Selkie.
NAMMCO 2012. North Atlantic Marine Mammal Commission.
www.nammco.no/ [accessed 9 April 2012]
NEAFC 2012. North East Atlantic Fisheries Commission. www.
neafc.org [accessed 4 April 2012]
Nielsen, J.K. 2004. Urbanization. In: M. Nuttall (ed.). Encyclopedia of the Arctic, pp 2110-2112. Routledge, London.
Nielsen, P. 1998. Ændringer i effektivitet, udnyttelse og afsætning
de sidste 20-30 år. In: K. Rydahl & I. Egede (eds.). Seminar
om de levende ressourcer, pp. 72-76. Technical Report No. 20.
Pinngortitaleriffik, Nuuk.
Nirlungayuk, G. & Lee, D.S. 2009. A Nunavut Inuit perspective on western Hudson Bay polar bear management and the
consequences for conservation hunting. In: M. Freeman & A.L.
Foote (eds.). Inuit, Polar Bears, and Sustainable Use, pp. 135142. Canadian Circumpolar Institute, Edmonton.
NOAA 2011. Table 1 – Final 2011 and 2012 Overfishing Level
(OFL), Acceptable Biological Catch (ABC), Total Allowable
Catch (TAC), Initial TAC (ITAC), and CDQ Reserve Allocation
of groundfish in the BSAI. Federal Register 76(40): 11143.
National Oceanic and Atmospheric Administration. www.fakr.
noaa.gov/sustainablefisheries/specs11_12/bsaitable1.pdf [accessed 4 April 2012]
Nordregio 2010. Status for bosteder i Grønland med særlig fokus
på bygderne. Nordic Council of Ministers Research Programme Report 2010. Nordregio, Stockholm.
Nørrevang, A. 1978. Ecological aspects of fowling in the Faroes.
Ibis 120: 109-110.
Nørrevang, A. 1986. Traditions of sea bird fowling in the Faroes:
An ecological basis for sustained fowling. Ornis Scandinavica
17: 275-281.
Northwest Territories Bureau of Statistics 2009. State of the Environment Report. NWT Bureau of Statistics,Yellowknife.
Norton, B.G. & Steinemann, A.C. 2001. Environmental values
and adaptive management. Environmental Values 10: 473-506.
Norwegian Fishery and Coast Departments 2011a. Enighet om
norsk-russisk fiskeriavtale for 2012. www.regjeringen.no/
nb/dep/fkd/pressesenter/pressemeldinger/2011/enighet-om-norsk-russisk-fiskeriavtale-f.html?id=660700 [accessed
4 April 2012]
Norwegian Fishery and Coast Departments 2011b. Fempartsavtale om forvaltning av norsk vårgytende sild for 2012. www.
regjeringen.no/nb/dep/fkd/pressesenter/pressemeldinger/2011/fempartsavtale-om-forvaltning-av-norsk-v.html?id=660698 [accessed 4 April 2012]
Norwegian Fishery Directorate 2011. Nøkkeltall for de norske
fiskeriene. www.fiskeridir.no/fiskeridir/statistikk/fiskeri/
noekkeltall [accessed 4 April 2012]
NPFMC 2009. Arctic fishery management plan. North Pacific
Fisheries Management Council. alaskafisheries.noaa.gov/npfmc/current_issues/Arctic/ARCTICflier209.pdf [accessed 15
June 2011]
NRC 2004. Valuing Ecosystem Services: Toward Better Environmental Decision-Making. The National Academies Press,
Washington D.C.
Nuttall, M. 2005. Hunting, herding, fishing, and gathering:
indigenous peoples and renewable resource use in the Arctic.
In: ACIA. Arctic Climate Impact Assessment, pp. 649-690.
Cambridge University Press, Cambridge.
Nuup Kommunea 2003. Frilandsplan nr. 2. Hytter i Nuup Kummunea. Forvaltningen for Teknik og Miljø, Nuuk.
Olsen, B. & Nørrevang, A. 2005. Seabird fowling in the Faroe
Islands. On Traditions of Sea-bird fowling in the North Atlantic
region. The Islands Book Trust, Port of Ness, Isle of Lewis, pp.
162-180.
Orlove, B.S. & Brush, S.B. 1996. Anthropology and the conservation of biodiversity. Annual Review of Anthropology 25:
329-352.
Plan Team 2009. Assessment and fishery evaluation report for
the groundfish resources in the Bering Sea/Aleutian Islands

625
region. North Pacific Fisheries Management Council, Anchorage. Plan Team for the Groundfish Fisheries of the Bering Sea
and Aleutian Islands www.afsc.noaa.gov/REFM/docs/2009/
[accessed 15 June 2011]
Radder, L. 2005. Motives of international trophy hunters. Annals
of Tourism Research 32: 1141-1144.
Rask, S. 1993. De første erhvervsmotorbåde. Tidsskriftet Grønland 1993: 100-118.
Rasmussen, R.O. 2005. Analyse af fangererhvervet i Grønland.
Greenland Fisheries Department, Nuuk.
Reid, D., Pelchat, B. & Weaver, J. 2010. Strategic Conservation
Assessment for the Northern Boreal Mountains of Yukon and
British Columbia. Conservation Report No. 5. Wildlife Conservation Society Canada, Toronto.
Reis, A.C. & Higham, J.E.S. 2009. Recreation conflict and sport
hunting: Moving beyond goal interference towards social sustainability. Journal of Sport and Tourism 14: 83-107.
Robinson, M.P. & Kassam, K.-A.S. 1998. Sami Potatoes. Bayeaux
Art, Calgary.
Ross, D.P. & Usher, P.J. 1986. From the Roots up: Economic
Development as if Community Mattered. Canadian Council on
Social Development, Ottawa.
Rutanen, J., Matilainen, A. & Tittonen, K. 2007. Hunting and
hunting tourism in Finland – country review. In: A. Matilainen (ed.). Sustainable Hunting Tourism – Business Opportunity in
Northern Areas? Overview of Hunting and Hunting Tourism in Four
Northern Countries: Finland, Sweden, Iceland and Canada, pp. 9-30.
University of Helsinki, Ruralia Institute, Helsinki.
Sande, A. 2000. Friluftsliv som ritual i moderne virkeligheter.
Norsk Antropologisk Tidsskrift 11: 128-140.
Sandlos, J. 2007. Hunters at the margin. University of British
Columbia, Vancouver.
Scott, C. & Webber, J. 2001. Conflicts between Cree hunting and
sport hunting: Co-management decision making at James Bay.
In: C. Scott (ed.). Aboriginal Autonomy and Development in
Northern Quebec and Labrador, pp. 149-174. University of
British Columbia Press, Vancouver.
Sejersen, F. 2001. Hunting and management of beluga whales
(Delphinapterus leucas) in Greenland: Changing strategies to
cope with new national and local interests. Arctic 54: 431-443.
Sejersen, F. 2003. Grønlands naturforvaltning – ressourcer og
fangstrettigheder. Akademisk Forlag, Copenhagen.
Sigursteinsdóttir, H., Huijbens, E., Jónsson, Á.Á., Jósefsdóttir,
Ó.H. & Björnsson, E. 2007. Hunting and hunting tourism in
Iceland – country overview. In: A. Matilainen (ed.). Sustainable
Hunting Tourism – Business Opportunity in Northern Areas? Overview
of Hunting and Hunting Tourism in Four Northern Countries: Finland,
Sweden, Iceland and Canada, pp. 48-58. University of Helsinki.
Ruralia Institute, Helsinki.
Slavik, D. 2009. The economics and client options of polar bear
conservation hunting in the Northwest Territories, Canada.
In: M. Freeman & A.L. Foote (eds.). Inuit, Polar Bears, and
Sustainable Use, pp. 65-80. Canadian Circumpolar Institute,
Edmonton.
Snyder, J.M. 2007. The polar tourism markets. In: J.M. Snyder &
B. Stonehouse (eds.). Prospects for Polar Tourism, pp. 51-70.
CAB International, Wallingford.
Snyder, J.M. & Stonehouse, B. 2007. The growing significance
of polar tourism. In: J.M. Snyder & B. Stonehouse (eds.).
Prospects for Polar Tourism, pp. 3-14. CAB International,
Wallingford.
Statistics Canada 2001. Harvesting and Community Well-Being
among Inuit in the Canadian Arctic: Preliminary Findings from
the 2001 Aboriginal Peoples Survey. Statistics Canada, Ottawa.
TEEB 2010. The economics of ecosystems and biodiversity:
mainstreaming the economics of nature: a synthesis of the
approach, conclusions and recommendations of TEEB. United
Nations Environment Programme. www.teebweb.org/TEEBSynthesisReport/tabid/29410/Default.aspx [accessed 11
April 2012]
Trainor, S.F., Godduhn, A., Duffy, L.K., Chapin, F.S. III, Natcher,
D.C., Kofinas, G. & Huntington, H.P. 2009. Environmental
Injustice in the Canadian Far North: Persistent Organic Pollut-

626
ants and Arctic Climate Impacts. In: J. Agyeman, R. Haluza-Delay, P. Cole & P. O’Riley (eds.). Speaking for Ourselves,
Environmental Justice in Canada, pp. 144-162. University of
British Columbia Press, Vancouver.
Tyrrell, M. 2009. West Hudson Bay polar bears: the Inuit perspective. M. Freeman & A.L. Foote (eds.). Inuit, Polar Bears, and
Sustainable Use, pp. 95-110. Canadian Circumpolar Institute,
Edmonton.
Ulvevadet, B. & Klokov, K. (eds.) 2004. Family-Based Reindeer
Herding and Hunting Economies, and the Status and Management of Wild Reindeer/Caribou Populations. Arctic Council
2002-2004. Center of Sami Studies, University of Tromsø,
Tromsø.
United Nations 1982. Convention on the Law of the Sea. www.
un.org/Depts/los/convention_agreements/convention_overview_convention.htm [accessed 15 June 2011]
United Nations 1995. Fish Stocks Agreement. www.un.org/
Depts/los/convention_agreements/convention_overview_
fish_stocks.htm [accessed 15 June 2011]
US Fish and Wildlife Service 2008. 2006 National Survey of
Fishing, Hunting, and Wildlife-Associated Recreation. US
Department of the Interior, Fish and Wildlife Service, and US
Department of Commerce, US Census Bureau, Washington.
Vaske, J.J., Fedler, A.J. & Graefe, A.R. 1986. Multiple determinants of satisfaction from a specific waterfowl hunting trip.
Leisure Science 8: 149-166.
Vilhjamsson, H. & Hoel, A.H. 2005: Fisheries and aquaculture.
In: Arctic Climate Impact Assessment, pp. 691-780. Cambridge University Press, Cambridge.
Walsh, R.G., Loomers, J.B. & Gillman, R.A. 1984. Valuing
option, existence and bequest demands for wilderness. Land
Economics 60: 14-29.
Wassmann, P., Duarte, C.M., Agusti, S. & Sejr, M.K. 2011.
Footprints of climate change in the Arctic marine ecosystem.
Global Change Biology 17: 1235-1249.
Weihs, F.H., Higgins, R. & Boult, D. 1993. A Review and Assessment of the Economic Utilizations and Potential of Country
Foods in the Northern Economy: Final Report. A paper prepared
for the Royal Commission on Aboriginal Peoples, Ottawa.
Wenzel, G.W. 2005. Nunavut Inuit and polar bear: the cultural
politics of the sport hunt. In: N. Kishigami & J.M. Savelle
(eds.). Indigenous Use and Management of Marine Resources, pp. 363-388. Senri Ethnological Studies No. 67. National
Museum of Ethnology, Osaka.
Wenzel, G.W. 2009. Subsistence and conservation hunting: a
Nunavut case study. In: M. Freeman & A.L. Foote (eds.). Inuit,
Polar Bears, and Sustainable Use, pp. 51-64. Canadian Circumpolar Institute, Edmonton.
Wheeler, P., Ford, V., Klokov, K. & Syroechkovskiy, E. 2010.
Changes in harvest. In: Arctic Biodiversity Trends 2010 –
Selected Indicators of Change, pp. 92-95. CAFF International
Secretariat, Akureyri.
Wikipedia 2012a. Whaling in Norway. en.wikipedia.org/wiki/
Whaling_in_Norway [accessed 9 April 2012]
Wikipedia 2012b. Whaling in Iceland. en.wikipedia.org/wiki/
Whaling_in_Iceland [accessed 9 April 2012]
Wikipedia 2012c. Seal hunting. en.wikipedia.org/wiki/Seal_
hunting [accessed 9 April 2012]
Wilson, M.A. & Howarth, R.B. 2002. Discourse-based valuation
of ecosystem services: establishing fair outcomes through
group deliberation. Ecological Economics 41: 431-443.
Witherell, D., Pautzke, C. & Fluharty, D. 2000. An ecosystem-based approach for Alaska groundfish fisheries. ICES
Journal of Marine Science 57: 771-777.
Wolfe, R.J.1998. Subsistence economies in rural Alaska. Cultural
Survival Quarterly 22: 49-50.
Wolfe, R.J. 2000. Subsistence in Alaska: A Year 2000 Update.
Division of Subsistence, Alaska Department of Fish and Game,
Juneau.
Woodford, R. 2009. The myth of declining hunters in Alaska.
Alaska Fish and Wildlife News, May 2009.

Arctic Biodiversity Assessment

World Reindeer Husbandry 2011. Peoples, distribution, challenges. International Centre for Reindeer Husbandry. icr.
arcticportal.org/images/stories/documents/projects/Reindeer_Map_Web_Download.pdf [accessed 4 April 2012]

LIST OF ACRONYMS
AHDR Arctic Human Development Report
CAFF Conservation of Arctic Flora and Fauna
EBM Ecosystem-based management
EEZ
Exclusive economic zone
FAO Food and Agriculture Organization
ICES	International Council for the Exploration of the
Sea
IUU Illegal, unreported, and unregulated (fisheries)
MSY Maximum sustainable yield
NEAFC Northeast Atlantic Fisheries Commission
NPFMC North Pacific Fisheries Management Council
PICES North Pacific Marine Science Organization
RFMO/RFMA Regional fisheries management
		 organization/agreement
SDWG Sustainable Development Working Group
TAC Total allowable catch
UN
United Nations
USD U.S. dollars
VME Vulnerable marine ecosystem

