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ABSTRACT. This paper examines the role of Inuit traditional ecological knowledge (TEK) in adaptation to climate change
in the Canadian Arctic. It focuses on Inuit relationships with the Arctic environment, including hunting knowledge and land
skills, and examines their roles in adaptation to biophysical changes that affect subsistence hunting. In several instances, TEK
underpins competency in subsistence and adaptations to changing conditions, which includes flexibility with regard to seasonal
cycles of hunting and resource use, hazard avoidance through detailed knowledge of the environment and understanding of
ecosystem processes, and emergency preparedness, e.g., knowing what supplies to take when traveling and how to respond in
emergency situations. Despite the documented importance of TEK in adaptation and in maintaining a level of competency in
subsistence, the relationships between TEK and adaptation to climate change are not well defined in the scholarly literature.
This paper aims to conceptualize the relationships between TEK and adaptation to climate change by drawing on case study
research with Inuit in the Canadian Arctic. TEK is considered an element of adaptive capacity (or resilience) that is expressed
as adaptation if TEK is drawn upon to adapt to changing conditions. This capacity depends on the development, accumulation,
and transmission of TEK within and among generations.

Key words: adaptation; Inuit; Inuit Qaujimajatugqangit (1Q); resilience; traditional ecological knowledge (TEK); subsistence
hunting; vulnerability

RESUME. Cet article se penche sur le role des connaissances écologiques traditionnelles (CET) inuites en matiére d’adaptation
au changement climatique dans I’Arctique canadien. Il porte plus précisément sur les relations des Inuits avec I’environnement
de ’Arctique, notamment en ce qui a trait a leurs connaissances de la chasse et a leurs pratiques ancestrales, puis il examine
leur role en matiere d’adaptation aux changements biophysiques qui exercent une influence sur la chasse de subsistance.
Dans plusieurs cas, les CET servent de fondement aux aptitudes de survie et a ’adaptation aux conditions changeantes, ce
qui implique de la souplesse vis-a-vis des cycles saisonniers de chasse et d’utilisation des ressources, 1'évitement des dangers
grace a une connaissance approfondie de I’environnement et a la compréhension de la dynamique des écosystémes et ’état de
préparation en cas d’urgence, a savoir les vivres et le matériel dont ils doivent se doter lorsqu’ils sont en déplacement et la
facon de réagir en situation d’urgence. Malgré 'importance documentée des CET sur I’adaptation et le maintien d’un niveau de
compétence en vue de la subsistance, les liens entre les CET et ’adaptation au changement climatique ne sont pas bien définis
dans les écrits érudits. Cet article cherche a conceptualiser les liens entre les CET et I’ladaptation au changement climatique
en s’appuyant sur une recherche d’étude de cas avec les Inuits de I’Arctique canadien. Les CET sont considérées comme un
¢lément de la capacité adaptative (ou de la résilience) exprimée sous forme d’adaptation pourvu qu’elles soient employées
pour favoriser I’adaptation aux conditions changeantes. Cette capacité¢ dépend du développement, de ’accumulation et de la
transmission des CET au sein des générations et entre elles.

Mots clés : adaptation; Inuit; Inuit Qaujimajatugangit (1Q); résilience; connaissances écologiques traditionnelles (CET);
chasse de subsistance; vulnérabilité

Traduit pour la revue Arctic par Nicole Giguére.

INTRODUCTION communities that depend on them for subsistence. The rela-
tionship between climate and Inuit ecological activities has
Climate change is already being experienced in the Arc-  been well documented, first by early Arctic anthropolo-

tic with implications for ecological systems and human  gists, including Boas (1888), Jenness (1917), and Stefansson
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(1922), and more recently by Condon et al. (1995), Wen-
zel (2009), and Collings (2011). Other research has docu-
mented Inuit observations of climate change (Krupnik and
Jolly, 2002; Fox, 2004) and examined how changes in the
biophysical environment associated with anthropogenic cli-
mate change affect the lives and livelihoods of Inuit (Berkes
and Jolly, 2002; Ford et al., 2006a, b, 2012; Pearce et al.,
2010a; Prno et al., 2011; Andrachuk and Smit, 2012). In the
subsistence hunting sector, recent climatic changes such as
rising temperatures, changing sea ice dynamics, increased
frequency and intensity of extreme weather events, and
alterations to seasonal patterns have exacerbated hazards
associated with travel on the land and ice, compromised
trails to hunting grounds, and affected the health and avail-
ability of some fish and wildlife species important for sub-
sistence (e.g., Berkes and Jolly, 2002; Pearce et al., 2010a;
Ford et al., 2012). Potential benefits from climate change
have also been noted, such as longer shipping seasons and
longer ice-free periods for hunting by boat, but the majority
of impacts are expected to be negative (Furgal and Prowse,
2008; Ford and Pearce, 2012). These changes, together with
ongoing socioeconomic changes already being experienced
by Inuit (e.g., living in permanent communities, colonial
legacy, southern bans on the importation of seal and polar
bear products) are affecting participation in subsistence
hunting, food production, hunting safety and success, and
the ability of Inuit to practice cultural and economic activi-
ties (Ford et al., 2008a; Tremblay et al., 2008; Wenzel,
2009; Collings, 2011; Cunsolo Willox et al., 2013).

Inuit have a long history of coping with and adapting to
changing environmental conditions (Balikei, 1968; Krup-
nik, 1993; Freeman, 1996). However, the rapid changes
associated with anthropogenic climate change, combined
with the effects of socioeconomic changes, have made
some historical adaptation efforts less plausible (e.g., shift-
ing location to follow the migration of animals) and others
more difficult (e.g., time constraints due to wage employ-
ment and formal education). Other adaptation efforts (e.g.,
focusing hunting on a reduced number of specific species)
may actually increase vulnerability in the long term. In the
context of contemporary Inuit society, key determinants of
adaptation and entry points for policy to support Inuit-led
adaptation to climate change have been identified (Gear-
heard et al., 2006; Laidler et al., 2009; Ford et al., 2010;
Ford and Pearce, 2012). In particular, the ability of Inuit to
cope with and adapt to biophysical changes that affect sub-
sistence hunting continues to be associated with a profound
knowledge of the Arctic ecosystem and land skills, referred
to hereafter together as traditional ecological knowledge
(TEK). This knowledge allows Inuit to make dynamic and
flexible use of the environment and resources (Krupnik,
1993). Despite the recognized importance of TEK in main-
taining a level of competency in subsistence and facilitat-
ing adaptation to a changing climate (e.g., Berkes and Jolly,
2002; Furgal and Sequin, 2006; Budreau and McBean,
2007; Ford et al., 2010), the relationship between TEK and
adaptation is only beginning to emerge in contemporary

climate change adaptation literature. This knowledge deficit
perpetuates a focus in climate change adaptation research
and policy on problem identification and description (e.g.,
risk/hazard/vulnerability/resilience assessments), rather
than on evidence-based entry points to support adaptation
through locally appropriate and culturally relevant strate-
gies (Pearce et al., 2011a; Ford and Pearce, 2012).

This paper builds upon a body of scholarship on the
role of TEK in adaptation to environmental change. Sev-
eral studies conducted with Indigenous peoples in northern
regions, including Inuit in the Canadian Arctic, suggest that
TEK allows them to account for and deal with a large num-
ber of variations in the biophysical environment, including
those associated with recent climate change (e.g., Peloquin
and Berkes, 2009; Turner and Clifton, 2009; Pearce et al.,
2011b; Ford and Pearce, 2012; Nakashima et al., 2012).
The relationship between TEK and adaptation to environ-
mental change is not unique to subsistence hunting, north-
ern regions, or Inuit. It has also been documented among
Indigenous peoples in the context of biodiversity conserva-
tion and environmental change globally (Gadjil et al., 1993;
Berkes et al., 1995); among small-scale farmers in India
(Rakshit and Bhowmick, 2012) and Jamaica (Beckford and
Barker, 2007); Sami reindeer herders in northern Norway,
Sweden, Finland, and Russia (Oskal et al., 2009); Indige-
nous peoples in the small Pacific island nation of Kiribati
(Frankland et al., 2012), the Sahel (Nyong et al., 2007),
and central Africa (Berrang-Ford et al., 2012); traditional
and local forest users in the context of forest management
(Parrotta and Trosper, 2012); and Aboriginal populations
in Australia (Lewis, 1989; Gadji et al., 1993; Berkes et al.,
1995) (Fig. 1). These claims have been made on the basis
of the long histories that Indigenous peoples have of cop-
ing with and adapting to environmental changes, elements
of which continue to be relevant today.

In this paper we conceptualize and examine the relation-
ships among Inuit TEK, subsistence hunting, and adaptation
to climate change, building on completed community-based
vulnerability assessments and research on Inuit responses
to adaptation policy, to examine the role of TEK in adapt-
ing to changes that affect subsistence hunting (Ford et al.,
2010; Pearce et al., 2011a). We focus on Inuit relationships
with the Arctic environment, including hunting knowledge
and land skills, primarily at the individual scale among
Inuit men, but we acknowledge that other aspects of Inuit
knowledge (e.g., social values, environmental stewardship,
community dynamics, beliefs) and gender dynamics also
play interconnected roles in adaptation to changing con-
ditions. We conceptualize TEK as an element of adaptive
capacity (or resilience). TEK is expressed as adaptation
if it is drawn upon to adapt to changing conditions. This
depends on producing, accumulating, and transmitting
TEK within and among generations. We illustrate these
relationships using examples from climate change adapta-
tion research conducted with Inuit across northern Canada,
with particular reference to Ulukhaktok, an Inuit settlement
in the Northwest Territories (NWT) where the relationships



Traditional ecological knowledge
(TEK) allows Inuit hunters

across the Canadian Arctic to
be flexible in seasonal hunting
patterns, including the location,
timing and method of hunting,
and to prepare for and deal with
hazardous conditions on the land
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Ecological understandings of
Indigenous Cree hunters in
James Bay, subarctic Canada,
allow them to account for and
deal with a large number of
variables at multiple scales
related to the Canada goose
(Branta canadensis) hunt.

Peloquin and Berkes (2009)

Saami traditional knowledge of
reindeer husbandry enhances
their capacity to adapt to climate
and socioeconomic changes

in northern Norway, Sweden,
Finland and Russia.

Oskal et al. (2009)

and ice. For example, knowledge
of how to navigate in poor
visibility — e.g, using snowdrifts
as indicators of direction, allows
hunters to cope with white out
conditions.

1R

Local knowledge of weather
prediction or forecast enables
farmers in India to make
decisions on crop patterns,
planting dates, and livestock
management, enhancing their
capacity to adapt to extreme
conditions such as drought.

Rakshit and Bhowmick (2012)

Berkes and Jolly (2002)
Ford et al. (2006a, b)
Prno et al. (2011)
Pearce et al. (2010a, b)

In the island nation of Kiribati

Aboriginal peoples in
Australia have used detailed
knowledge of fire effectively
to improve feeding habitat
for game and assist in the
hunt itself (Lewis, 1989),
which is an example of using
Indigenous knowledge in
biodiversity conservation
and adaptation to diverse
environments.

o———— Gadjil et al. (1993)
Berkes et al. (1995)

in the south Pacific, a pilot
project introduced innovations
to traditional construction
techniques to improve the
quality of key public buildings
and reduce their vulnerability
to impacts of coastal erosion
caused by climate change.

Frankland et al. (2012)

Local environmental knowledge,
and knowledge of crop
combination and soil type among
small-scale farmers in Jamaica
allow for flexibility and innovation
in farming in the context of
changing socio-economic and
environmental conditions.

Beckford and Barker (2007)

People living in the Sahel region
of Africa draw on Indigenous
knowledge to adapt to climate
change, specifically droughts,

in the context of agriculture,
land use, and water resource
management.

Nyong et al. (2007)

Indigenous knowledge plays
an important role in adaptation
to the health effects of climate
change among Batwa Pygmy
communities in rural Uganda.

Berrang-Ford et al. (2012)

FIG. 1. Documented examples of applying Indigenous traditional ecological or local knowledge in adaptation to diverse and changing socioeconomic and

environmental conditions, including climate change.

among TEK, subsistence hunting, and adaptation were spe-
cifically examined. At a broader level, the examples of Inuit
TEK in adaptation and the need for culturally appropriate
adaptation strategies have relevance for Indigenous peoples
and subsistence-based communities in general, particularly
those whose livelihoods are closely associated with tradi-
tional lifestyles based on natural resources.

TEK AND ADAPTATION TO CLIMATE CHANGE
Defining Key Terms

“Traditional knowledge” (TK) is broadly defined as
a cumulative body of knowledge, practice, and values
acquired through experience and observations on the land
or from spiritual teachings and handed down from genera-
tion to generation (Cruikshank, 1998; Huntington, 1998;
GNWT, 2005; Noongwook et al., 2007). “Traditional eco-
logical knowledge” (TEK) has been used by various com-
mentators as a synonym for TK and to refer specifically to

those aspects of TK about the relationships of living beings
(including humans) with one another and with their envi-
ronment (Berkes et al., 1995; Wenzel, 1999). TK or TEK
is built on personal experience and interaction with peers,
including people from other communities (Huntington,
1998; Berkes, 1999) and passed on through stories, appren-
ticeship, and practice (Condon, 1996; Noongwook et al.,
2007; Oskal et al., 2009). It can be understood as knowl-
edge and skills that are fluid, dynamic, flexible, adapt-
able, and continually updated and revised in light of new
observations and experiences, and it can incorporate new
technologies alongside the traditional (Stevenson, 1996;
Berkes, 1999; Usher, 2000; Takano, 2005; Bravo, 2009).
For example, Inuit now travel and hunt more often by all-
terrain-vehicle (ATV), snow machine, and boat than by
dog team and use high-powered rifles instead of bow-and-
arrow or spears, but the objective of their efforts remains
unchanged and traditional ways of knowing continue to be
relevant (Wenzel, 1991; Pearce et al., 2011b). TEK is inter-
preted broadly here to include the connections between
the less tangible aspects of TEK (e.g., values and beliefs)



236 « T. PEARCE et al.

and the practical skills and knowledge that govern Inuit-
environment interactions.

As noted earlier, TEK contributes to adaptive capac-
ity (or resilience) in changing climatic conditions. Vulner-
ability generally refers to the susceptibility of a system
(e.g., an individual or a community) to harm from a cli-
mate stimulus or stimuli; it involves both sensitivity to cli-
mate and adaptive capacity (Ford and Smit, 2004; Adger,
2006; Smit and Wandel, 2006). Exposure sensitivity is a
joint property of the system’s characteristics (e.g., liveli-
hood, health, age, family status) and the characteristics of
climate-related stimuli (e.g., magnitude, frequency, spatial
dispersion, duration, speed of onset) (Cutter, 1996; Adger,
2006; Smit and Wandel, 20006). Adaptive capacity refers to
the potential to adapt to climate change (including climate
variability and extremes), to moderate potential damages,
to take advantage of opportunities, or to cope with the con-
sequences. Increased adaptive capacity therefore results in
decreased vulnerability. We acknowledge a parallel body
of scholarship that uses resilience to examine the human
dimensions of climate change. Resilience focuses on exam-
ining the magnitude of climate change that can be absorbed
before a system changes to a different state, as well as the
capacity to self-organize and adapt to emerging circum-
stances (Adger, 2000; Berkes and Jolly, 2002; Chapin et al.,
2006; Folke, 2006). Studies of adaptive capacity and resil-
ience are closely related: both focus on how social-ecolog-
ical systems experience and respond to stress, examine the
capacity for adaptive action, characterize the multiple fac-
tors that influence how a system experiences and responds
to stress, and engage in stakeholder-driven research. A key
strength of vulnerability studies that use adaptive capac-
ity as a concept is the focus on underlying socioeconomic
and political drivers, which influence how an individual or
community experiences change, as well as its capacity to
adapt (Turner et al., 2003; Smit and Wandel, 2006; Ford et
al., 2013).

Conceptualization of TEK as Adaptive Capacity

Adaptive capacity is conceptualized in vulnerability
studies as a function of certain features of human systems
that influence the propensity or ability to adapt (Adger,
2006; Smit and Wandel, 2006). These features vary among
individuals and households, and over space and time, this
variability translates into different capacities to adapt. Some
documented elements or determinants of contemporary Inuit
capacity to adapt to climate change exposures that affect
subsistence include 1) TEK, 2) access to capital resources
(e.g., hunting equipment, supplies, fuel), 3) emergency man-
agement capability, 4) flexibility of resource management
regimes, 5) sharing networks (food and equipment), 6) avail-
ability of time, 7) technological options for adaptation (e.g.,
weather reports, GPS, satellite phone), and 8) health and
well-being (Berkes and Jolly, 2002; Ford et al., 2010; Pearce
et al., 2010a; Ford and Pearce, 2012). A common perspective
on the relationships of adaptive capacity to its elements and

Regional Scale
Determinants (e.g.
flexibility of wildlife
manag t)

Local Scale
Determinants (e.g.
TEK, sharing networks)

FIG. 2. Determinants of adaptive capacity operating across scales. Arrows
point to intersections of regional- and local-scale determinants of adaptation
(based on Ford et al., 2010; Pearce et al., 2010a).

the process of adaptation itself focuses on “the realization
of adaptive capacity” (Brooks, 2003) or “manifestation of
adaptive capacity” as adaptation (Smit and Wandel, 2006).
Adaptive capacity can be described as a set of resources that
represent an asset base from which adaptations can be made
(Smit et al., 2000; Brooks, 2003; Vincent, 2007). The ques-
tion is whether or not adaptive capacity will be drawn upon
to bring about adaptation (Vincent, 2007).

Adaptations to changing climatic conditions in the Inuit
subsistence sector are often synergies of several elements
of adaptive capacity operating at different scales (Ford
et al., 2010) (Fig. 2). In particular, TEK continues to play
a pivotal role in the manifestation of many of these adap-
tive strategies. In some instances, TEK acts as an anteced-
ent causal factor—that is, TEK builds other capacities.
For example, adaptation to changing travel conditions on
the land or ice or availability of wildlife may involve using
alternative modes of transportation (e.g., a boat instead of a
snow machine), hunting in unfamiliar locations, harvesting
different species, or hunting at different times of the year.
Here adaptation depends in part on the availability of capi-
tal resources (to purchase hunting equipment and supplies)
or social capital (to borrow supplies) and time to participate
in the hunt (e.g., constraints of wage employment). The fea-
sibility and effectiveness of adaptation, however, hinges on
having sufficient knowledge of the environment (TEK) to
travel and hunt in unfamiliar locations and on flexibility of
the wildlife management regimes that define the timing of
seasonal hunts. In other cases, TEK acts as an effect modi-
fier—the effectiveness of other factors of adaptive capacity
is influenced by the strength of TEK. For example, switch-
ing the species hunted may be more effective for an expe-
rienced hunter than for one with less experience, which
reflects their different levels of TEK.

Examples of TEK in Adaptation

Inuit in the Canadian Arctic use several adaptive
responses to manage changing climatic conditions that
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preparedness - Know how to survive on

the land

___________________________________

FIG. 3. Conceptual model of the relationships among TEK, subsistence hunting, and adaptation to climate change.

affect subsistence hunting. Documented responses include
Aexibility with regard to seasonal cycles of harvest and
resource use; hazard avoidance made possible by detailed
knowledge of the local environment and understanding of
ecosystem processes; and emergency preparedness, which
includes knowing what supplies to take when traveling and
how to respond in emergency situations (Fig. 3). TEK plays
an essential role in each of these adaptive responses. The
figure simplifies the adaptation process by highlighting the
role of TEK; however, as illustrated in Figure 2, multiple
elements of adaptive capacity often work together in the
adaptation process. These adaptive responses, grounded in
TEK, are not unique to contemporary events. Flexibility,
hazard avoidance, and emergency preparedness are skills
inherent to Inuit subsistence hunting and have enabled Inuit
to exploit the Arctic environment and resources for thou-
sands of years (see Taylor, 1966; Balikci, 1968; Sabo, 1991).
It is this collective social memory that Inuit draw on and
modify today to cope with and adapt to current biophysi-
cal changes that affect subsistence hunting. The follow-
ing examples from case study research conducted with
Inuit across the Canadian Arctic illustrate the relationships
among TEK, subsistence hunting, and adaptation (Fig. 4).

Flexibility: TEK is a dynamic, cumulative, living social
memory from which adaptation actions can be derived to
deal with both routine and novel events. Adaptability is a
process of continual learning and readjustment: innovation
and improvisation skills are gained through personal expe-
rience in the environment and are transmitted across gener-
ations to create a wealth of opportunities at any given time
(Krupnik, 1993). Taken together, this cumulative body of
knowledge of the environment and resources, TEK, allows
hunters to be dynamic and flexible and continue hunting
under changing climatic conditions (Ford et al., 2009).

Hunters are responding to changing ice and snow con-
ditions by adjusting the timing of their seasonal hunting
calendars, harvesting different species, using alternative
travel routes and means of transportation (e.g., ATV or boat
instead of snow machine in the spring), and sometimes by
traveling and hunting in unfamiliar locations (e.g., Berkes
and Jolly, 2002; Nickels et al., 2006; Ford et al., 2006b,
2008b; Pearce et al., 2010a; Prno et al., 2011). In their study
of adaptation to climate change in Sachs Harbour, NWT,
Berkes and Jolly (2002) suggest that flexibility, rooted in
TEK, of the seasonal cycles of harvest and resource use
provides the social-ecological resilience needed to cope
with increased variability and unpredictability and adapt
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FIG. 4. Photographs of Inuit in the Canadian Arctic illustrating responses to changing climatic conditions that affect subsistence. (Left): Flexibility — Iqaluit
hunters improvise, using boats to maintain access to seal hunting areas in late fall. (Centre): Hazard avoidance — Ulukhaktok hunters make extra efforts to read
weather and ice conditions before and during travel. (Right): Emergency preparedness — Knowledge of how to build an emergency snow house enables hunters
to wait out storm events.

to change. In this case, TEK acts as an antecedent causal
factor. In some instances, adaptation involves being sensi-
tive to critical signs in the environment and knowing how
to respond. Knowledge of animal behavior enables hunters
to adapt to changing animal numbers and locations, while
knowledge of the land underpins their ability to do this.
When one species of wildlife is less abundant, Inuit shift to
hunting another species, an adaptation that depends on the
diversity of wildlife available and on the hunter’s knowl-
edge of animal behavior and new hunting locations.

For example, the Peary caribou (Rangifer tarandus pea-
ryi) population on Victoria Island, in the Inuvialuit Settle-
ment Region (ISR), a primary source of meat for many Inuit
in Ulukhaktok, declined dramatically beginning in the
late 1970s (Collings, 1997). This decline is thought to have
been due in part to an increase in the frequency of freeze-
thaw events, which create ice layers in the snow pack and
hinder the ability of caribou to travel and forage for food
(Barry et al., 2007). Around the same time as caribou pop-
ulations declined, muskox (Ovibos moschatus) populations
increased, and Inuit have been able to substitute muskox for
some of the lost caribou meat (Pearce and Smit, 2013). This
change was feasible for many hunters because the general
knowledge and skills important for hunting caribou were
transferable to hunting muskox. In this instance, TEK acts
as an effect modifier in that successful adaptation depends
on the hunter’s level of knowledge and skills for basic hunt-
ing: a more experienced hunter is able to switch species
hunted more easily than a less experienced hunter.

Inuit are also demonstrating flexibility in modes of
travel, locations, and techniques for hunting. Across the
Canadian Arctic, boats are becoming increasingly impor-
tant to Inuit hunters for adapting to changing sea ice con-
ditions (earlier breakup, later freeze-up, and unstable ice
conditions) and are being used in spring and autumn to
access hunting areas that were previously accessible only
by crossing the sea ice, either on foot or using a dog team
or snowmobile (Ford et al., 2006a, b; Pearce et al., 2010a).
For example, because of earlier sea ice breakup and thinner,
less stable ice conditions, Ulukhaktok hunters are traveling
on the ocean by boat to hunt king eider ducks (Somateria

spectabilis) more often in the spring. Hunting ducks from a
boat, however, is more difficult than hunting them from the
land or ice. Thus, new skills are being developed to access
duck hunting grounds (e.g., launching boats from the floe
edge) and to shoot and retrieve ducks successfully (Pearce
et al., 2010a). In this case, TEK acts as both an antecedent
causal factor and an effect modifier: adaptation depends on
knowing enough about the sea ice to launch a boat from the
floe edge and understanding the behavior of ducks suffi-
ciently to know how to hunt them from a boat. Again, expe-
rienced marine hunters are better equipped to make these
behavioral adjustments than less experienced hunters.

Hazard Avoidance: The hunters’ ability to cope with
and adapt to changing conditions increasingly involves tak-
ing extra efforts to read weather and ice conditions before
and during travel (Pearce et al., 2010a). Before traveling
on the land or ice, experienced hunters consult with Elders
and closely observe the weather, clouds and wind, looking
for subtle warning signs that are precursors of hazardous
conditions (Gearheard et al., 2006, 2010). Inuit are astute
and highly skilled observers of sea ice and weather condi-
tions and draw on past knowledge, lessons, and experiences
traveling on the ice to determine when and where it is safe
to travel (Nelson, 1969; Wenzel, 1991; Aporta, 2002; Krup-
nik, 2002; Laidler and Elee, 2008; Laidler and Ikkumagq,
2008; Laidler et al., 2009). Additionally, many Inuit hunt-
ers now regularly consult satellite imagery of the sea ice
and weather forecasts before traveling (Pearce et al., 2010a).
Together with TEK, this information provides Inuit with
a knowledge base from which to make judgements about
when and where to travel.

New technologies are playing a crucial role in hazard
avoidance and facilitating adaptation to changing condi-
tions. Several scholars have documented the use of Global
Positioning Systems (GPS) and other technologies such as
satellite phones, Very High Frequency (VHF) radios, and
distress beacons as adaptive strategies for travel conditions
that are no longer easily predicted using traditional meth-
ods only (e.g., Ford et al., 2006a; Laidler et al., 2009; Pearce
et al., 2010a; Aporta, 2011). These modern technologies are
being adopted in the context of decreasing time available
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for hunting because hunters participate in the wage econ-
omy (e.g., some hunters can travel only on weekends); a
reduction in land-based skills, especially among younger
generations (see Aporta and Higgs, 2005; Ford et al., 2006a;
Pearce et al., 2010a, 2011b); the requirements of hunting
with snow machines and motorized boats; and the percep-
tion of safety that many of these devices provide. However,
the uptake of new technologies (and sometimes neglect of
TEK) can also create new exposure sensitivities and exac-
erbate existing ones.

Research in Igloolik and Ulukhaktok has documented
more risk-taking behavior among hunters associated with
technological developments. The use of VHF radios and
GPS and the functioning of a community search and res-
cue group, which provide a safety net if problems are
encountered, have resulted in overconfidence and less cau-
tion (Ford et al., 2008b). Some hunters are now hunting in
conditions that traditionally would have been considered
dangerous, risking damage to their equipment and expos-
ing themselves to potential injury or even loss of life. GPS
provides hunters with an alternative navigation method and
can be useful in poor visibility and emergency situations,
but it also enables individuals with limited knowledge about
navigation and about the environment to travel (Aporta and
Higgs, 2005). Consequently, young and inexperienced hunt-
ers can now travel alone or in the absence of more experi-
enced hunters to locations where they would not have gone
previously. Even travel along well-used routes that are per-
ceived as safe can be problematic if the GPS fails and tradi-
tional navigation skills are not known (Ford et al., 2006a).

The benefits of GPS, VHF radios, and weather and sea
ice reports are noted, but as documented by Pearce et al.
(2011b) in Ulukhaktok, Inuit hunters rely on a combina-
tion of traditional navigation skills and new technolo-
gies. Weather and sea ice reports have become valued
tools when TEK of weather and ice is challenged by the
rapid pace of climate change; however, experienced hunt-
ers stress that traditional navigation skills continue to be
important for safe travel (Ford et al., 2006a). In particu-
lar, when new technologies fail (e.g., a weather or sea ice
report is incorrect or the GPS battery dies), hunters must
depend on traditional knowledge of the environment and
land skills (Pearce et al., 2011b). Experienced hunters navi-
gate on the land by remembering landforms and on the sea
ice using knowledge of the prevailing wind and snowdrifts.
This knowledge is being continually updated and revised
in light of changing climatic conditions, which requires
active engagement in subsistence hunting and the transmis-
sion of this knowledge to younger generations. In a case
study of TEK transmission among hunters in Ulukhaktok,
93% of hunters 18—34 years of age had learned to travel by
remembering landforms (100% transmission rate among
hunters 35—-49 years of age and Elders), and experienced
hunters continue to teach young hunters how to navigate
using landforms despite the availability of GPS (Pearce et
al., 2011b). In reference to hazard avoidance, TEK acts as
an effect modifier, in that hunters who are knowledgeable

of a combination of traditional and new technologies for
weather forecasting and navigation are better equipped to
deal with changing conditions than hunters who rely solely
on new technologies.

Emergency Preparedness: Prior to moving into perma-
nent settlements, Inuit followed the seasonal migrations of
wildlife; subsistence hunting was synonymous with living.
Today, Inuit subsistence hunting is constrained by living
in permanent settlements, which reduces mobility; wage
employment, which restricts time; the rising cost of equip-
ment, supplies, and fuel, which limits how far hunters can
travel; the advent of new technologies that enable hunters
to travel farther and faster; and lifestyle changes that cause
hunters to make more expedient day trips near the settle-
ment. The nature of subsistence hunting has changed, and
so have methods of emergency preparedness.

Inuit hunters increasingly anticipate the possibility of
encountering hazards when traveling and hunting on the
land and ice. They are aware of the limitations of mecha-
nized equipment (which can break down) and are taking
extra precautions to avoid and be prepared to cope with
emerging risks (Ford et al., 2006a; Pearce et al., 2010a).
Hunters are packing extra supplies (such as gas, naphtha
fuel for heat and cooking, food, a tent even for day trips,
ammunition, and extra warm clothing), and some hunters
now travel with satellite phones or VHF radios to maintain
communication with the settlement. These extra precau-
tions increase the financial cost of hunting and may affect
participation in hunting and the frequency of hunting trips.
Further empirical examination is needed to substantiate this
hypothesis. An experienced hunter in Ulukhaktok explains
his key rule when packing his aaliak (sled) (W. Joss, pers.
comm. 2013). He calls it the “Rule of Threes,” which refers
to packing three of every key supply. This means three par-
kas (wear one, pack two), three stoves, three naphtha bot-
tles, three rifles, three knives, three pairs of mitts, three
pairs of boots, three times the necessary amount of gas and
naphtha (either carried or cached on the land), and so on:

It’s not like long ago, sometimes you have to travel far
to find anything; sometimes you see nothing. I’m not
getting stuck out there without any gas. I have lots of
gas stored all over and cabins. I can stay out there [on
the land] long, no problem.... If your zipper [in your
parka] breaks, then what? I’ve got three parkas and an
extra .22 [rifle] on my skidoo.

(W. Joss, 2013)

His philosophy is that your travel partner will likely need
one item at some point, the item you are wearing could fail,
and then you have a third as a safety reserve. You may need
to travel farther than you anticipated to find animals, which
requires more gas for your ATV, boat, or snow machine,
and naphtha for heating and cooking. The Rule of Threes
gives the hunter confidence that he can cope with unpre-
dictable conditions and events that may unfold. Addition-
ally, several hunters in Ulukhaktok are anticipating having
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to travel farther to hunt muskox and caribou and are con-
structing small (approximately 8 ft x 8 ft) plywood cabins
equipped with stoves, gas caches, and basic provisions at
strategic locations on the land. Having well-equipped cab-
ins and gas stored on the land allows hunters to travel with
lighter sleds or boats, access hunting areas that require
multi-day travel, and take refuge in poor weather condi-
tions. A tent serves a similar purpose, but cabins and fuel
caches allow for lighter-weight travel, which means using
less fuel and having greater capacity to carry meat back to
the settlement. Moreover, cabins provide emergency shelter
in extreme conditions when strong winds and poor visibil-
ity (niptiaktuk) make it too difficult to set up a tent or con-
struct an igloo.

Despite even the most careful preparation, however, hunt-
ers sometimes encounter challenging or unexpected condi-
tions when traveling, such as blizzards and other extreme
storm events and unusual ice conditions. Hunters react to
extreme conditions by drawing on their extensive TEK and
the resources available to them to cope with the disturbance
(Pearce et al., 2010a, b; Heyes, 2011). Pat Ekpakohak, an
experienced hunter and Elder of Ulukhaktok, said that his
pre-hunting planning and cold-weather survival knowledge
saved his life when his snow machine plunged through the
rapidly thinning sea ice in white-out conditions. Because he
had quick access to his knife, he was able to cut the rope
hitch to his snow machine and save his aaliak, while watch-
ing his snow machine sink. He was prepared with VHF
radio and a tent, which he set up while suffering the onset
of hyperthermia, and was able to radio relatives in the settle-
ment for help (P. Ekpakohak, pers. comm. 2012). The Arc-
tic sea ice is an inherently dangerous environment and one
must have basic knowledge of how to travel safely (e.g., be
prepared for unpredictable conditions or an accident) to par-
ticipate in subsistence. As sea ice and weather conditions
become more unpredictable and trail conditions deteriorate,
emergency preparedness skills become even more important
to deal with unexpected hazards.

In other instances, having knowledge of multiple naviga-
tion or way-finding techniques, including navigation using
snowdrifts, celestial navigation, and remembering land-
forms, can help hunters to find refuge and set up camp or
travel back to the settlement. An experienced Inuit hunter
who is faced with extreme weather conditions while trave-
ling on the sea ice can also draw on this knowledge to con-
struct an emergency snow house (igloo or nalaaqtaq) to
wait out the storm, provided he had the foresight to travel
with a snow knife (Pearce et al., 2011b; Ford et al., 2013).
Careful preparation before hunting is key to coping with
adverse conditions; it includes a strong understanding of
the local environment and land skills, forethought and plan-
ning (e.g., caching fuel, building cabins, packing extra sup-
plies), and knowledge of how to survive in the Arctic (e.g.,
knowledge of cold weather survival and treatment of hypo-
thermia). Emergency preparedness knowledge and skills
are inherent in Inuit hunting culture and are being updated
and modified in light of new technologies, resources, and

information to meet the challenges of a rapidly changing
climate.

TEK TRANSMISSION

The ability of an individual to draw on TEK to adapt
to changing conditions depends on whether (and to what
extent) TEK has been transmitted. In this context, trans-
mission refers to the process of transferring a cultural item,
such as a skill or locally specific piece of knowledge, from
individuals to others through participation and experience
in an environment, and transmission success depends on
the level of mastery of a particular item (Ohmagari and
Berkes, 1997; Ingold, 2000; Pearce et al., 2011b). Tradi-
tionally, TEK was generated and transmitted among Inuit
through hands-on education on the land and by listening to
and learning from Elders and other experienced individu-
als (Wenzel, 1987; Condon, 1996; Barnhardt and Kawagley,
2005; Takano, 2005; Pearce et al., 2011b). In their study
of TEK transmission among Inuit men in Ulukhaktok,
Pearce et al. (2011b) confirm that the traditional modes of
TEK transmission, observation, and apprenticeship con-
tinue to function today, albeit with varying degrees of suc-
cess across the population. Some knowledge and skills have
been lost, some are being transmitted incompletely or only
at elementary levels, and others are new knowledge and
skills (e.g., how to navigate using a GPS, read a weather
report, or fix a snowmobile) that the older generation did
not possess, but which are currently being widely adopted
(Berkes and Jolly, 2002; Ford et al., 2006b; Pearce et al.,
2011b).

The loss and weakening of TEK among some younger
Inuit are linked to a gradual disengagement of younger gen-
erations from the land and subsistence activities, beginning
with the settlement of Inuit in communities starting in the
late 1950s and accelerating over subsequent generations.
Unlike their parents and grandparents, young Inuit today
are generally spending less time involved in subsistence
activities beyond organized land-camps and occasional
hunting trips. As a result, some have fewer opportuni-
ties to learn the knowledge and skills necessary for safe
and successful travel and hunting under changing climatic
conditions.

Inuit leaders and northern representatives acknowledge
the need for institutional support to assist in strengthening
the transmission of TEK among younger Inuit, particularly
among marginalized community members. Institutional
programming clearly does not replace traditional methods
of TEK transmission through observation and apprentice-
ship; it does, however, provide some Inuit youth, many of
whom would otherwise not have the opportunity, a chance
to participate in subsistence and gain exposure to skills,
teachers, and mentors. Having such knowledge and skills
allows young Inuit to engage in productive activities that
continue to have economic and social value.
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In recognition of the socioeconomic and cultural impor-
tance of subsistence hunting for Inuit, efforts to support
TEK transmission under changing conditions should be
complemented by efforts to alleviate longstanding issues
that negatively affect subsistence. The sustainability of
subsistence depends in part on how non-Inuit perceive
the vulnerability of Arctic wildlife to climate change and
Inuit hunting techniques (e.g., modernization of hunt-
ing) (Wenzel, 2009). Top-down wildlife management
regimes and non-Inuit political decisions, including the
ban on the importation of seal and polar bear products to
the United States and the European Union, have had dev-
astating effects on Inuit subsistence (Wenzel, 1987, 2009).
The southern anti-sealing and animal rights movement in
the 1980s led to the eventual demise of the Inuit commer-
cial seal hunt and negatively affected the ability of future
generation Inuit to exploit a key traditional resource (Wen-
zel, 1987). A strong economic basis promotes participation
in subsistence hunting and facilitates opportunities for the
generation and transmission of TEK.

CONCLUSIONS

The global climate is undergoing rapid change, with
implications for lives and livelihoods of people worldwide.
Indigenous populations around the world have been identi-
fied as particularly vulnerable because they live in regions
undergoing rapid change, continue to rely on resource-
based livelihoods, and in many instances have experienced
colonization and cultural change, the legacies of which con-
tinue to exacerbate current challenges (Berrang-Ford et al.,
2012; Nakashima et al., 2012). The Arctic is at the forefront
of these changes, and Inuit vulnerabilities to climate change
are well documented, including impacts on subsistence
hunting, fishing, trapping, cultural activities, and health
and well-being. Finding ways to adapt that meet local
needs and fit with cultural norms is therefore a key chal-
lenge facing Inuit populations in Canada, as well as other
Indigenous populations globally. Fortunately, Indigenous
peoples have long histories of adapting to changes in soci-
ety and environment, and their accumulated knowledge and
wisdom can help us to understand the changes associated
with climate change that are occurring today and to enable
adaptation.

Although Inuit now live in different circumstances (e.g.,
in permanent settlements), TEK continues to be impor-
tant in enabling flexibility and innovation in hunting, haz-
ard avoidance, and emergency preparedness, especially
under changing climatic conditions. The success of Inuit
in the Arctic has long been associated with their ability to
be flexible and innovative in their use of the environment
and resources. Inuit work with unpredictability; adapt their
seasonal cycles to hunt what is available when it is avail-
able; and rely on learned experiences, oral traditions, and
group memory of past situations to respond to fluctuations
in the environment and extreme events. Food sharing and

intercommunity trade continue to be important strategies
for addressing differences in food availability and nourish-
ing a culture of self-worth, independence, and reciprocity.

Several studies and major international climate change
reports (IPCC, 2007, 2010; UNFCC, 2010) have identified
the importance of TEK in adaptation; however, its impor-
tant role is not recognized in most adaptation policy pro-
cesses. Policymaker discourses are often at odds with
local narratives about maintaining livelihoods and give
limited weight to the role that TEK can play in adaptation
and minimizing risk. Climate change policy in Indigenous
regions tends to focus on addressing the risks of climate
change directly, rather than building on existing knowledge
and practice of adaptation. In northern Canada, climate
change adaptation needs to evolve from the identification
and description of climate change risks to support practical
adaptation entry points, including the transmission of TEK
(Pearce et al., 2011a).

This paper contributes to a growing body of scholarship
on the role of TEK in adaptation to environmental change.
Specifically, it complements the extensive work being car-
ried out on the vulnerability of Inuit subsistence hunting to
climate change by conceptualizing the relationship between
TEK and adaptation. TEK is a reservoir of accumulated
knowledge of changing conditions and experiences of adap-
tation that Inuit may draw on in responding to climatic
risks; it increases their adaptive capacity and reduces vul-
nerability. Although the role of TEK in adaptation is simpli-
fied here, it is hoped that conceptualizing the relationships
between TEK and adaptation using vulnerability concepts
and terms will make it easier for this information to enter
climate change adaptation policy discourse.
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