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Undermining subsistence: Barren-ground caribou in a
“tragedy of open access”
Brenda L. Parlee,1* John Sandlos,2 David C. Natcher3

INTRODUCTION

Barren-ground caribou (Rangifer tarandus groenlandicus/Rangifer
tarandus granti) are among the most valued species in the circumpolar
arctic/subarctic and one of the world’s last major migratory wildlife species (1). As the human footprint on arctic/subarctic ecosystems grows,
so too does the challenge of sustaining many of these caribou herds.
Once numbering in the millions, barren-ground caribou populations
in northern Canada and Alaska have declined significantly over the last
two decades (2, 3). These declines are not new; many Indigenous elders
have stories of earlier periods in their own lifetimes and oral histories of
“when the caribou did not come.” Scientists also have well-developed
models of 40- to 70-year population cycles for most large herds (4). Explanations for these cycles are many; however, as some herds reach critically low levels, human disturbance of the range has become a major
focus of debate. We examine the science and traditional knowledge
surrounding human stresses on barren-ground caribou and the ways
in which this knowledge has and has not informed the governance of
this important arctic/subarctic species. The research outcomes point to
a “science-policy gap” that is having costly implications for both caribou
and people.
As caribou populations have declined in recent years, the governance response has almost exclusively focused on curbing Indigenous
subsistence harvesting. The evidence behind such a singular focus,
and the lack of attention to other known stresses on populations and
habitats, has never been explicit. Drawing on 13 years of harvest data,
from two regions of the Northwest Territories and qualitative research
on adaptive practices, we demonstrate that perceptions of subsistence
harvest as a threat to barren-ground caribou sustainability have little
foundation. The alternative hypothesis offered here is that habitat disturbance caused by resource development is the greater stress on car1
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ibou populations. Specifically, we offer the case of the Bathurst caribou
herd, where key areas of the summer and fall range have been taken up
for mining exploration and development in the last two decades; this
disturbance has led to the loss and degradation of key habitat for caribou, thereby exacerbating the decline of the herd. This hypothesis is
well supported by a growing body of scientific and traditional knowledge research but has had little influence over decisions about resource
development in the Yukon and Northwest Territories. Because governments approve many new mining projects and open up new areas
of caribou habitat for mineral exploration, a tragedy of “open access” is
unfolding particularly in the Bathurst caribou range, where caribou
numbers are at critically low levels and mining activity has boomed
since the early 1990s (5). The tragedy, both ecological and socioeconomic, mirrors historic periods of wildlife management in northern Canada during which time caribou management was explicitly
about advancing private interests in northern lands and resources at
the expense of Indigenous cultures and livelihoods (6).
Setting: Barren-ground caribou and Indigenous
communities in northern Canada
Barren-ground caribou (R. tarandus groenlandicus/R. tarandus granti)
are an important species to many Indigenous peoples across the circumpolar north. They are known regionally to the Inuvialuit, Gwich’in, and
Deneso: łiné as tuktu (Inuvialuitun), vadzaih (Teetł’it Gwich’in), and
ɂetthen (Deneso: łiné). According to biologists, there are 11 to 13 barrenground caribou herds or subpopulations in northern Canada and Alaska
(Fig. 1). The herds of importance to the Inuvialuit and Gwich’in communities of the Northwest Territories and Yukon are the Porcupine, Cape
Bathurst, and Bluenose (east/west); they have been a mainstay of Inuvialuit and Gwich’in cultures and economies for many hundreds, if
not thousands, of years. Similarly, the Deneso: łiné peoples are one of
five Indigenous groups in the Northwest Territories with a strong
relationship to the Bathurst caribou herd as well as the neighboring
Beverly and Ahiak herds.
The Porcupine caribou range roughly covers an area of 250,000 km2;
the calving grounds are in Alaska, but the migration follows a path
1 of 14
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Sustaining arctic/subarctic ecosystems and the livelihoods of northern Indigenous peoples is an immense challenge
amid increasing resource development. The paper describes a “tragedy of open access” occurring in Canada’s north
as governments open up new areas of sensitive barren-ground caribou habitat to mineral resource development.
Once numbering in the millions, barren-ground caribou populations (Rangifer tarandus groenlandicus/Rangifer
tarandus granti) have declined over 70% in northern Canada over the last two decades in a cycle well understood
by northern Indigenous peoples and scientists. However, as some herds reach critically low population levels, the
impacts of human disturbance have become a major focus of debate in the north and elsewhere. A growing body
of science and traditional knowledge research points to the adverse impacts of resource development; however,
management efforts have been almost exclusively focused on controlling the subsistence harvest of northern
Indigenous peoples. These efforts to control Indigenous harvesting parallel management practices during previous periods of caribou population decline (for example, 1950s) during which time governments also lacked
evidence and appeared motivated by other values and interests in northern lands and resources. As mineral resource development advances in northern Canada and elsewhere, addressing this “science-policy gap” problem is
critical to the sustainability of both caribou and people.
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through the Yukon and into the Northwest Territories (7). Although a
key focus of the paper is on the Porcupine caribou herd, data for adjacent herds are also presented as a context for the discussion on harvesting
data (that is, harvesters do not necessarily differentiate their harvest by
herd). The Bathurst caribou range is considered to be over 400,000 km2;
their migration begins in the calving grounds near Bathurst Inlet in
Nunavut and follows south into central Northwest Territories to the
Saskatchewan border. Both the Bathurst and Porcupine herds are characterized by 40- to 70-year population cycles (Figs. 2 and 3) (4). Forage
quality and quantity are theorized as the central regulating factors in
population size and cycles. Because caribou numbers increase and impacts on habitat grow, carrying capacity is exceeded and the associated
nutritional stress of lost or degraded forage leads to poor calf recruitment
(8). Recovery of these herds is considered a reflection of the speed and
spatial extent of habitat regeneration (that is, given that arctic subarctic
vegetation is slow to regenerate, so too is caribou population recovery) (9).
Literature review
We are guided by common-pool resource theory and previous research
on Indigenous resource management practices and institutions (that is,
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rules and social norms) (10); this body of work, including that in northern Canada, demonstrates how Indigenous peoples have sustained both
their natural resources and subsistence economies despite significant
ecological variability (11, 12). We also situate our work in the body of
historical research on wildlife management (6, 13) and subsistence
harvesting (14–16). We challenge stereotypes about Indigenous harvesters as indiscriminate hunters by presenting data and trends about Indigenous caribou harvesting that, coupled with case studies of harvester
and community adaptation, provide evidence that subsistence harvest
presents little threat to caribou. By doing so, we also advance insights
around subsistence as a livelihood practice that is inextricably linked
with conservation (that is, conservation hunting) (17). Although historical accounts of subsistence in arctic ecosystems are detailed and well
theorized in the anthropology, geography, and economics literature,
there has been relatively limited attention paid to longitudinal trends
and patterns in contemporary subsistence harvesting, particularly in
the last two decades and in relation to barren-ground caribou population dynamics in Canada.
The paper weaves together both science and traditional knowledge
research about the issue of human disturbance in arctic ecosystems (18).
2 of 14
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Fig. 1. Caribou herds in Northwest Territories (NWT) and Yukon.
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Compared with the significant body of work on “climate change,” relatively little critical attention has been paid to the cumulative effects of
mining activity in the arctic and its impacts on caribou systems (caribou
and people) (19) To address this gap, we offer the theory of open access
to help explain the ways in which governance arrangements related to
mineral resource development allow virtual “free-entry” access and development of areas considered critical caribou habitat and homelands to
many northern Indigenous peoples (5).
The relationship between subsistence harvesting and caribou
population dynamics: Insights from Inuvialuit and Gwich’in
harvest data
The harvesting of barren-ground caribou and other traditional foods is
a cornerstone of northern Indigenous cultures, economies, and health;
where communities face limited availability of affordable market foods,
such harvest is critical to food security (20). The literature on Indigenous
subsistence is diverse and has roots in the field of anthropology as well as
sociology and economics (21, 22). It is loosely defined as a mode of production that meets basic needs through the flow of valued resources. It is
distinct from commercial modes of production in that it does not entail
the accumulation of those resources. There are numerous terms that
have been used to describe subsistence activities such as “shadow,”
“non-structured,” and “unorganized”; however, these terms have not
captured the many complex ways in which people organize at the local
level to meet their needs and have instead stigmatized those participating
in subsistence activities as “non-progressive, backward, and resistant to
change” (21).
During the decline of caribou in the 1950s, biologists such as
Banfield (23) wrote often about Indigenous subsistence harvesting
as a major problem for caribou; however, harvest levels were unknown
during this period and any theories on harvesting as a driver of population declines were not empirically defined; rather, they were created
and sustained through anecdote, conjecture, and cultural bias (14).
These biases against subsistence were indicative of the colonial mindset of the time. Hobbesian assumptions about Indigenous peoples as
“primitive”—without the knowledge and capacity to manage the reParlee, Sandlos, Natcher, Sci. Adv. 2018; 4 : e1701611
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sources upon which they depend for own survival—are clearly visible
in archival record of this period (13). Much has changed in northern
Canada since the 1950s; more is known about natural cycles in caribou
populations. There is also greater recognition of Indigenous rights to
harvest (for example, as defined in both the Inuvialuit and Gwich’in
land claim agreements). However, among the growing urban public,
whose notions of food are shaped by what is available in grocery stores,
there is little acceptance of Indigenous hunting as a contemporary cultural practice that puts food on the table. Environmental groups including animal rights advocates are also quick to dismiss “hunting”
on moral grounds. Even ecotourists, prone to celebrate the “ecological
Indian,” are opposed to hunting on the basis that hunting practices
are no longer traditional (that is, people are no longer using bows
and arrows and stone tools) (24, 25). Those operating under these
biased, if not racist, assumptions, that Indigenous people should remain frozen in time (circa, 1899), have felt justified in raising fears of
an inevitable “tragedy of the commons”—it is assumed that caribou
will be “overhunted” to the point of extirpation unless regulated by
the government.
The concept of the tragedy of the commons was made famous by
Hardin in the 1960s; he sought to explain the free-rider problem or tendency for individuals to act in their own self-interest in the short term
regardless of the implications for others or themselves over the long
term (26). Although recent texts are more sensitive to questions of Indigenous peoples (27), scholars of conservation biology have tended to
categorize subsistence harvesters in terms that are no different than
other kinds of predators who hunt indiscriminately and without forethought to their fellow harvesters or those in the future (16). The tragedy of the tragedy of the commons is the inevitable loss or extirpation
of a valued species with accompanying ecological and socioeconomic
consequence. Although some tragedies during historic periods have
been theorized and modeled, evidence of what archaeologists describe
as the “overkill hypothesis” is limited (28). Most extirpations or biodiversity losses over the last two centuries are attributed to European
colonization and the advance of large-scale development and land use
3 of 14
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Fig. 2. Population trends for four barren-ground caribou herds (111).
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Fig. 3. Bathurst caribou population data and trends (111).
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and communities, who have been harvesting caribou for generations,
have their own practices and rules for “taking care of caribou.”
Practices and rules for taking care of caribou
In addition to evidence from the harvest data, a variety of adaptive
practices and institutions (social norms and informal rules) for dealing
with variability in the availability of barren-ground caribou were identified from a literature review (Table 1). Many of these practices and
institutions are the result of systematic observation and interpretation
of changes in caribou and related ecological conditions. Ecological variability, which has always been characteristic of barren-ground caribou,
necessitated the development of systematic methods of observation and
communication (38, 39). These practices are still in place today; an
Inuvialuit elder or Deneso: łiné harvester will look for caribou in the
same places using the same indicators and employing the same methods
year after year after year. Because resources become less abundant, there
is an increase in the scope and spatial scale of either direct observation
or sharing of observations with other communities. Over time and
when communicated and interpreted by others, this knowledge provides the cues by which harvesters and/or communities adapt. For example, when caribou are no longer found in areas where they were
known to be abundant (for example, major water crossings), it triggers
changes in the scope of observation and a decrease in harvest. This
adaptation is more than a mechanistic response; people make changes
to their harvesting activities based on concern for caribou and for future generations. As previously explained by the late Deneso: łiné elder
Maurice Lockhart, “people who didn’t care so much would not notice
the changes” (40).
The literature on food security suggests that the costs of declining
harvest are offset in the short term by a variety of factors such as social
networking (that is, knowledge sharing and food sharing). The flexibility
of food and knowledge sharing networks is well evidenced in research
about northern economies; because some families and communities experience shortages, others are able to address the need through the sharing
of alternative resources (for example, fish, muskoxen, and moose). Over
the long term, there are also a variety of other kinds of innovations in a
process that enable people to deal with decreased availability of resources
harvested from the land (that is, traditional or country food).
A current and potential tragedy of open access mineral
resource development in the Bathurst and Porcupine
caribou ranges
For many northern Indigenous peoples, the real tragedy for caribou and
peoples stems from weaknesses in governance, specifically the absence
4 of 14
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change (for example, commercial fishing and deforestation) (29, 30).
There are relatively few documented cases in North America and elsewhere where extirpations of species are attributable to Indigenous
harvesting. Why?
Some anthropologists have claimed that the answer is accidental
conservation (24)—because Indigenous people lacked technology
of a sophisticated nature, there was no real threat to the resource
sustainability. However, this accidental conservation theory has
been little substantiated; more evidence suggests that communities
have been successful in resource conservation owing to complex
practices and institutions that have developed through social learning
over many generations (31). Over 30 years of research on the commons,
including that of Nobel Laureate Elinor Ostrom, reveals that Hardin’s
theory does not really apply to communities with long histories of resource use and secure property arrangements. What Hardin did not recognize was that even in the absence of formal government regulation
or private property arrangements, many communities with long histories of collective resource use, including hunting cultures of northern
Canada, have sophisticated rule systems that prevent unsustainable use;
these rules enable communities to resolve the issue of individual selfinterest at the cost of collective interest by creating systems of management that ensure joint outcomes (32). Owing to the flexibility and
adaptiveness to ecological variability, many of these rule systems are far
more effective at conservation than those led by central governments
and private interests (10, 33).
A critical element of the success of these community-based arrangements is their foundation in traditional knowledge (34), the cumulative
body of knowledge, practice, and belief that has developed over many
generations about peoples’ relationship to their environment and to
each other (35). Over the last 30 years, a large body of traditional knowledge has been documented in northern Canada about caribou ecology.
Recognition of the value of this knowledge became the basis for the comanagement of caribou in the Northwest Territories as early as 1982 in
the case of the Beverly herd and in 1985 in the case of the Porcupine
herd (36). Although there is a draft caribou range management plan
being developed, there is no similar co-management board or process
in place for the Bathurst herd.
There are myriad successes that are attributed to co-management
processes in the Canadian north; there are also strong critiques of
wildlife co-management as being a system of governance that is more
focused on the management of Indigenous peoples than natural
resources (37). However, these co-management arrangements do not
represent the whole of “caribou management”; individual harvesters
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Table 1. Practices and institutions (rules) of northern Indigenous communities for taking care of caribou and dealing with variability in arctic/subarctic
ecosystems.
Mechanism and case study example

Adaptive outcome
Decreased hunting pressure on declining resources;
diversification of traditional diets and/or increased
dependence on market foods of lesser nutritional value

Increase in depth of observation by individual harvesters, communities
(39, 54, 92, 93, 114, 116–119)

Increase in the scope of traditional knowledge available on
which to make harvest decisions

Increase in organization and communication at larger scales (36, 120, 121)

More complex institutional arrangements; opportunities
for cross-scale decision-making

Increased in enforcement of informal property rights (for example,
traditional hunting territory) and rules for caribou harvest (122, 123)

Self-organized enforcement of rules to protect caribou

Strengthening and/or expansion of food sharing networks within
and outside the caribou range (63, 124, 125)

Increase in knowledge generation and transmission (including with
younger generations) within and between communities

Cultural rediscovery, social learning, and innovation to address
food shortages (108, 126)

Increase in the breadth of potential solutions to food shortages

Cultural and spiritual learning (35, 127)

New spiritual learning; changes in the sociocultural and spiritual
relationship of people and caribou

of power to limit mineral exploration and development in sensitive caribou habitat (41, 42). We characterize the “open for business” approach
to encouraging exploration and development as an open access problem. Open access problems are those characterized by a lack of accepted
and enforced rules mediating natural resource access and use. In Canada,
the mining regulations in place for the Northwest Territories and Yukon
essentially allow open access to many areas considered important barrenground caribou habitat. There are few opportunities to limit initial phases
of exploration in that much of the territories are defined as Crown or
public land by the federal government. All such Crown land, with few
exceptions, is open for staking under existing mining regulations [for example, Northwest Territories Mining (43) under the Territorial Lands
Act (44)]. There are also very few barriers to entry to staking—virtually
anyone with limited qualifications can stake a claim (45). Although
consideration of environmental impacts is required at later stages of
assessment, the cumulative effects of development during earlier stages
represent a significant adverse effect. Early and advanced exploration
phases, which include constructed infrastructure (camps), air and road
traffic, as well as human activity, can all take place without free, informed,
and previous consent of Indigenous communities. Advanced exploration projects can continue on for many years; once active, there are very
few mechanisms to stop their full development. Even during full environmental assessment, there are few examples where approval has not
been granted even when communities have raised concerns about significant adverse effects or opposed the project entirely (46). What follows
is the presentation and discussion of data on subsistence harvest patterns
and those associated with mineral resource development; we explore
how each may be related to changes in caribou populations with particular focus on the Bathurst caribou herd.

RESULTS

Inuvialuit and Gwich’in subsistence
harvest patterns
The regulation of subsistence caribou harvesting has become a critical
focus of the Porcupine Caribou Management Board over the last 10 years.
Parlee, Sandlos, Natcher, Sci. Adv. 2018; 4 : e1701611
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To date, millions of dollars have been spent on harvest management
planning for the Porcupine herd and Bathurst herd (2007–2016). On
the one hand, Indigenous leaders and communities have participated
in these processes in good faith with the aim of doing their part to take
care of the caribou (47, 48). However, at their core, these harvest management planning processes appear to be based on explicit or implicit assumptions that Indigenous harvesting poses a major risk to caribou
sustainability and that harvesters will not change their harvesting
practices when faced with declining caribou numbers, without the assistance of central governments.
Two of the three largest data sets related to Indigenous harvesting
in the Northwest Territories (Inuvialuit Harvest Study and Gwich’in
Harvest Study) were reviewed, and harvest data were summarized for
this same time period (Fig. 4) (49, 50). The harvest data are publicly
available from the regional co-management boards, and methods of data
collection and analysis are well documented (51, 52). All active hunters
were identified as participants; response rates were 90.1% in the case of
the Gwich’in and 87% for the Inuvialuit. The harvest of barren-ground
caribou was documented for 1988–1997 in the Inuvialuit Settlement
Region (ISR) and for 1995–2000 in the Gwich’in Settlement Region
(51, 52).
Although there was variability over the two periods of study, the
overall decline in harvest represented in the Inuvialuit and Gwich’in
harvest data are shown (Fig. 4); from peak harvest to lowest harvest,
the change in both the Inuvialuit and Gwich’in harvest combined (average) was −44.6% (Fig. 4). The correlation between harvest and
caribou population decline was strongly positive and statistically
significant for both the Inuvialuit harvest data (0.61) and the Gwich’in
harvest data (0.81).
We also examined the relationship between the Inuvialuit harvest
data and caribou population levels for the same four herds (Fig. 5);
the trend between harvest and population was positive (y = 5−5x −
13.875) and statistically significant (P = 0.0271). The graph in Fig. 5 suggests that when the population of the four caribou herds exceeds
320,000 animals, every subsequent 10,000 increase in the population
results in the harvest of an additional 0.5 caribou per capita (Fig. 5).
5 of 14
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Adaptive caribou harvesting—decreased harvesting during periods of decline (and
corresponding increase in harvest of other species and/or substitution for market
foods) (11, 62, 64, 110, 113–115)
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Where the population of Inuvialuit beneficiaries in Aklavik, Tuktoyaktuk,
Inuvik, and Paulatuk is reported to be roughly 1385 persons during the
years of the study, the total increase in harvest per year is 332 animals
(0.001% of the total herd at that time). There were insufficient observations (years of data) in the case of the Gwich’in Harvest Study to analyze the relationship between harvest and caribou population dynamics
in this region.
The data offered (Figs. 4 and 5) controvert assertions about subsistence as a driver of population dynamics have little empirical
foundation. We also examined other variables including climatic variables (for example, average temperature and precipitation levels), cost of
living, and employment. Although there was no significant relationship
between harvest levels and these climate and cost of living variables, harvest levels and employment trends in the study communities appeared
to be somewhat related. Specifically, there was a negative correlation between employment and available harvest data in the five Inuvialuit
(−0.31) and Gwich’in communities (−0.48), suggesting that economic
conditions may also affect harvest trends (that is, as employment went
up, harvest levels decreased), but not to the same degree as population
trends (see explanation in the paragraph above).
How do these trends compare to similar work elsewhere? Are there
other data that might help us understand this trend? Researchers in
Alaska also documented a decline in harvest levels during 1964–2008
(roughly 72%) (53). Similarly, Old Crow evidenced a 38% decline in
caribou meat consumption between 1992 and 2008. In the Bathurst
range between 2000 and 2014, average consumption of caribou meat
by Łutsël K’e Dene First Nation dropped by 30% and then further
dropped by close to 90% between 2014 and 2017 (54). These declines
in harvest are also consistent with data from many diet and nutrition
studies; in many parts of northern Canada, traditional food consumption is falling steadily, resulting in a substitution of other traditional and
market foods, with a consequent increase in nutrient deficiencies (for
example, vitamin D and iron) and lifestyle illnesses (for example,
cardiovascular disease) (55). Given that there are similar trends elseParlee, Sandlos, Natcher, Sci. Adv. 2018; 4 : e1701611
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where, we might hypothesize that the data trends from the Inuvialuit
and Gwich’in data are not anomalies but are good examples of northern
Indigenous subsistence harvesting patterns during periods of population decline.
Although lifestyle change may be a partial explanation for declining
harvests (that is, given the change in employment), the stronger correlation and relationship is between harvest and resource availability. That
is, harvesters do not hunt at all costs but are sensitive to the scarcity of
the resource.
This sensitivity is well established in other areas of wildlife and
fisheries research; harvest has been used as a proxy for trends in population in relation to a variety of species. For example, harvest data for
deer and moose in North America and in northern Europe have been
positively correlated with population estimates from aerial surveys and
mark and recapture methods (56–60).
One explanation for such harvester sensitivity is simple economics.
When animals are abundant, it is assumed that the input and opportunity costs of harvest are relatively low. During periods of decline, costs
increase because animals become more difficult to find, and harvesters
(particularly those with limited hunting experience and/or with food
resource alternatives) tend to look for less costly alternatives (that is,
require less effort or input costs). But these economic explanations do
not provide the whole story. In the Inuvialuit and Gwich’in regions,
where adaptation to ecological variability is part of their way of life,
decisions not to harvest when there are fewer caribou around are likely
linked to social norms or “rules” of stewardship (for example, taking
care of caribou) and other related kinds of adaptive management
practices (Table 1).
Case studies on adaptation to contemporary caribou
population change
Case study research between 2007 and 2012 in five Indigenous communities revealed beliefs and adaptive practices as well as systems of
decision-making that enabled communities to deal with reported de6 of 14
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Fig. 4. Gwich’in and Inuvialuit harvest data and trends.
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clines in caribou numbers. A starting point in understanding these
practices is the recognition that caribou population decline is not a fact
but a sociocultural construct. Caribou counts including aerial photo
surveys, although the standard method of accounting for population
change, offer one kind of narrative or model, but traditional knowledge holders have different ways of knowing caribou (61). In collaboration with the Inuvialuit and Gwich’in communities of Aklavik, Fort
McPherson, Paulatuk, and Old Crow, and with the Deneso: łiné community of Łutsël K’e Dene First Nation, longitudinal knowledge including
individual observations and oral histories about previous periods of
population change provided the foundation for understanding and
coping with the significant decrease in caribou numbers observed
and experienced. The trust of harvesters and communities in their
own knowledge and respect for their elders were also critical to interpreting and managing the imposition of other kinds of knowledge
considered less legitimate by community members (54, 62).
In the case of Fort McPherson, researchers identified a range of rules
for caribou harvest known and in use within the community including
by Gwich’in youth. These included principles such as “take only what
you need,” details about when, where, and how caribou should be harvested, as well as rules about harvest sharing (62). Harvest sharing across
larger sociopolitical boundaries including the Canada–United States
border is another way that communities offset decreases in caribou
meat in some places and in some years as well documented with the
Vuntut Gwich’in of Old Crow, Yukon (63). Research in Paulatuk in
the ISR was focused on the complex relationship between employment
and caribou harvesting; finding ways of working together within family
groups and across the community as a whole was critical to ensuring
that the most vulnerable members of the community (for example,
single mothers and elders) did not suffer disproportionately from the
scarcity of caribou in that region. In the nearby region of Fort Good
Hope, “community hunts” that target other sources of traditional food
(that is, moose) were developed to offset the decreased availability of
caribou meat (64).
Data from the Inuvialuit and Gwich’in harvest studies, coupled with
the evidence about the effectiveness of Indigenous institutions from
Parlee, Sandlos, Natcher, Sci. Adv. 2018; 4 : e1701611
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both the literature review (Table 1) and case studies, provide credible
evidence that there is little reason to fear that barren-ground caribou
herds may be extirpated at the hands of subsistence harvesters. In
the following section, we offer evidence that the greater threat to
caribou population herds in the Northwest Territories, Yukon, and
Alaska is increasing pressure on caribou habitat because of resource
development.
A current and potential tragedy of open access mineral
resource development in the Bathurst and Porcupine
caribou ranges
Over 30 million hectares of land in the Northwest Territories have been
disturbed as a result of mineral staking, exploration, construction, and
project development. Much of this area is in the mineral-rich area
known as the Slave Geological Province, located in the range of the
Bathurst caribou. The period during which the mining began to boom
in the 1990s (Fig. 6) mirrors the same period during which Bathurst
caribou population fell dramatically (Fig. 3). Exploration activity in
the Porcupine caribou range is currently limited relative to the extent
of disturbance in other parts of the Yukon (Fig. 7). In 2014, the Yukon
government announced plans to open up 71% of the Peel River
Watershed for mining exploration as well as allow continued oil and
gas exploration (Fig. 7).
What do these data on disturbance mean? Much scientific research
on caribou has been catalyzed by the assessment of mines, pipelines, and
related infrastructure in northern Canada (19, 65). A review of this literature reveals multiple kinds of stresses both direct and indirect.
Avoidance behavior of lost and disturbed caribou habitat, coupled with
the added stresses of noise, dust, and habitat degradation, affects
population through stress on critical physiological functions such
as fecundity, rearing, and thus population recruitment (66). Habitat
fragmentation caused by linear features is also problematic for barrenground caribou movement patterns as it is for other migratory species
(67). Broader and cumulative effects of habitat fragmentation caused
by multiple projects and linear features are also problematic for barrenground caribou as it is for other migratory species (67). Although the
effects of single resource development projects can often be mitigated,
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Fig. 5. Relationship between Inuvialuit harvest and caribou population change from 1987 to 1997.
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the cumulative effects of many disturbances are a major threat to caribou
sustainability, a pattern that has been observed in a variety of arctic and
subarctic regions (2, 12, 68–75).
Traditional knowledge holders offer additional perspectives on
the stresses of mining on caribou. With few exceptions, elders and
other traditional knowledge holders in the Yukon, Northwest Territories, and Nunavut highlight that caribou habitat, caribou health,
movements, and population dynamics are negatively affected by resource development including mining (76–86). Of greatest concern
is the impact of noise, dust on forage, and the blockage of caribou
routes by linear features (that is, roads). The lack of respect or spiritual consideration for the animals and land can also lead caribou to
move away (79, 87, 88). Much of this documented knowledge is empirical, in which harvesters who have consistent hunting territories
and systematic methods of rigorous observation have given detailed
narrative accounts of changes in body condition and fecundity (89),
habitat conditions (83, 90), distribution (54, 91, 92), and population
dynamics (93–96). Together, the evidence is significant; however,
it seems to have had little demonstrable effect on limiting the progress of mining development in the Bathurst and Porcupine caribou
ranges.

DISCUSSION

The science-policy gap in the Porcupine caribou range
The Porcupine caribou range falls within the jurisdictions of the Yukon
government, government of the Northwest Territories, and the State of
Alaska. On the basis of the reports that this herd was in decline, a harvest
management planning process was initiated in which the Porcupine
Caribou Management Board took a lead role in determining how limits
to harvest might be developed and enforced (97). Impatient with the
progress of the management planning process, and seemingly spurred
by anecdotes of overharvesting in local newspapers, in 2009–2010, the
territorial government of the Yukon took steps to create a system of
mandatory harvest surveillance and to limit various aspects of the harvest itself. Their efforts at top-down control of Indigenous subsistence
were ill received by the Porcupine Caribou Management Board members and other local Indigenous governments (98). The Gwich’in and
Inuvialuit governments, who saw little legitimacy in the efforts of the
Parlee, Sandlos, Natcher, Sci. Adv. 2018; 4 : e1701611

28 February 2018

Yukon government and who expressed concerns about the unnecessary
cost and bureaucracy associated with the measures, initiated legal action
against the Yukon government on the basis that the interim measures
were an infringement on both their constitutional rights and those
defined in their land claim agreements (99). Tensions over the value
of interim measures escalated when the Yukon media inferred heaving
criticism of the continued subsistence harvest of caribou by Gwich’in
and Inuvialuit peoples, implying that it was likely to cause the Porcupine
caribou to disappear completely (100). In 2012, however, when it was
determined that the population had not declined at all but had actually
grown to nearly 200,000 animals (well surpassing its previous peak of
178,000), Yukon newspapers were silent on the issue of subsistence. Not
long after (2014), the Yukon government unilaterally made the decision
to increase mining activity in the Porcupine caribou range by opening
up the Peel River watershed to exploration (Fig. 7) (101). The decision
was made in contradiction to the recommendations of a 7-year land
use planning study led by its own Peel Planning Commission, which
highlighted the importance of the region as habitat for Porcupine
caribou. The study clearly identified the watershed as providing critical
caribou habitat including calving (102). Recognizing mining activity as a
major threat to the sustainability of the Porcupine caribou and other
ecological and cultural values, Indigenous groups again took legal action
against the Yukon government. The Supreme Court of Canada heard
the Peel Watershed case on 22 March 2017. As of November 2017, the
final decision was still pending.
The science-policy gap in the Bathurst caribou range
Unlike the Porcupine caribou range, which, until recently, had been
little disturbed by resource development activity, the Bathurst range has
seen significant mineral exploration and the development of five major
diamond mines since the mid-1990s (Fig. 8). From the beginning of this
development rush, Indigenous communities raised concerns about the
impact of the mining activity on the caribou herds. In a report from the
community of Łutsël K’e Dene First Nation on the impact of the first
major development, the Ekati Diamond Mine, harvesters suggested that
caribou frequently injured their legs trying to cross the sharp rocks used
to construct mining roads, that their migration patterns were “screwed
up” by the mine, and that road development has allowed non-Indigenous
hunters greater access to the herds. When the second major mine,
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Fig. 6. Trends in mining exploration and development activity in the Northwest Territories (112).
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Diavik, was undergoing a federal environmental assessment in 1999,
Dene communities and environmental groups worried that the failure
to analyze the cumulative impacts of multiple development projects
posed a grave danger to the wide-ranging Bathurst caribou herd. Commenting in 2011 on the combined impacts of the Snap Lake (2008) diamond mine and the nearby Gahcho Kué project, Łutsël K’e Dene First
Nation Chief Antoine Michel suggested that “they’re driving the caribou
away…” (103).
Despite these concerns, the government of the Northwest Territories
has approved more mining projects, including the “Jay Project,” near
Ekati. During the same period, however, the territorial government also
imposed a hunting ban for Indigenous harvesters. Some communities
in the region were supportive of the move, having already created their
own harvest limits. At that time, it was clear in the media and elsewhere
that caribou numbers had dropped from an already low count of approximately 35,000 in 2013 to just under 20,000 animals. However,
the hypocrisy of imposing hunting bans while simultaneously approving new mining projects was not lost on local communities. During the
public hearings on the Jay Project, representatives of Łutsël K’e Dene
First Nation asked why the government was prepared to approve a
new mine the company had estimated would cause a 0.3% loss to the
Parlee, Sandlos, Natcher, Sci. Adv. 2018; 4 : e1701611
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Bathurst herd population while, at the same time, the government of the
Northwest Territories’ Environment and Resources Minister stated
publicly that the “herd could not withstand the harvest of even one
animal” (104). The Yellowknives Dene First Nation claimed that both
the Ekati Mine and the proposed Jay Project are located in a significant
migratory route for the Bathurst caribou and that the new project
would amplify the negative impacts of the older mine on the herd
(105). On the basis of all the evidence presented at the assessment
hearing, the Mackenzie Valley Review Board concluded that the Jay
Project would have significant adverse site-specific impacts on the
herd and contributes to the cumulative impacts of the other mines
in the region. Nonetheless, the board recommended that the project
go ahead with enhanced mitigation and monitoring plans (especially
for road design and dust suppression), some of them based on the development of “pilot” (that is, experimental and unproven) technologies. Despite these measures, Łutsël K’e Dene First Nation was among
those who recommended that the project not be approved until the
Bathurst caribou population recovered (106). Legal action against
the government was taken to stop the project from going ahead; however, due to lack of financial resources, the First Nation was unsuccessful
in moving the case forward.
9 of 14
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Fig. 7. Mining footprint relative to Porcupine caribou range and Peel River watershed, Yukon.
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CONCLUSIONS

Barren-ground caribou are among the most dynamic species in the
circumpolar arctic/subarctic (107). Over the last century, top-down
efforts to manage caribou have had greater socioeconomic implications
than ecological. The contemporary scenario and framing of Indigenous
harvesting as a threat to caribou sustainability seems a replay of previous
periods of northern wildlife management history, which saw widespread
efforts to control subsistence caribou harvesting. As with the contemporary scenario, historical efforts to control hunting were ideological rather
than empirically grounded (14).
Although much attention, effort, and dollars have been focused on
curbing subsistence harvesting, the greater problem appears to be the
growing disturbance of caribou habitat by resource development, particularly in the Bathurst range where populations have plummeted over
the last two decades from an estimated high of 475,000 to lower than
20,000 animals (68). It is the only herd of all the barren-ground caribou
herds in Canada that has fallen so steeply and to such lows; when compared to other barren-ground herd ranges, the Bathurst caribou range
has also experienced the greatest amount of disturbance from mining
during this last cycle of decline.
Despite a large body of research related to the effects of development
on barren-ground caribou habitat, the evidence “has neither effectively
influenced policies nor galvanized public opinion sufficiently to push
governments into effective action” (68). Legal actions in both the Northwest Territories and Yukon, challenging government approvals of new
Parlee, Sandlos, Natcher, Sci. Adv. 2018; 4 : e1701611
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mining projects, have also failed to alter the course of such development.
There are some exceptions to this rule among territorial governments.
Concerns about the health of the caribou in the Kivalliq region of
Nunavut, most particularly from the community of Baker Lake, were
among the key issues behind the Nunavut Impact Review Board’s
decision not to recommend the approval of a multimillion dollar
uranium mining project that was proposed within the summer range
of the Beverly caribou herd.
Both the government of the Yukon and government of the Northwest Territories have heavily promoted the territories as “open” for
mineral exploration and development regardless of impacts on the caribou. There are other threats for the Bathurst caribou on the horizon as
new mining projects are proposed including an all-weather road and
deep water port project that would significantly adversely affect caribou
habitat including areas considered sensitive calving grounds. The de
facto system of open access is made possible by Canada’s free-entry
system of mining regulations, which are best described as a “sorry
anachronism” dating back to the gold rush era (45). Even for skeptics
and cautious scientists who consider the evidence about the impacts of
mining on caribou habitat and population dynamics as incomplete, taking a precautionary approach to limit development, particularly in the
Bathurst range, would seem a prudent course of action.
Previous research on community-based resource management in
the circumpolar north and elsewhere has described numerous examples
where Indigenous communities and other land-based societies with
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Fig. 8. Mineral resource development in the Bathurst caribou range.
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MATERIALS AND METHODS

The mixed methods research informing this article had three dimensions. (i) Literature review: A review of the scientific literature
was carried out using academic databases. The review identified
57 papers focused on the question of human disturbance and its impacts
on barren-ground caribou including caribou habitat, health, behavior,
distribution, and/or population dynamics. These papers primarily
focused on resource development disturbance roads, pipelines, mines,
aircraft, dust deposition, and noise (27); hunting pressure (21); and
cumulative effects (9). The papers dealing with cumulative effects included only those that featured resource development and hunting pressure. Unpublished or non–peer-reviewed material (for example,
government and consulting reports) was not included. Although there
are similarities and lessons to be learned from research on boreal caribou and reindeer systems, this body of work was also excluded. A second phase of literature review focused on identifying published sources
of traditional knowledge related to barren-ground caribou; these
sources were reviewed, and a synthesis report was created. A third literature review focused on harvest and consumption patterns of Indigenous communities with greatest focus on those dependent on the
Porcupine and Bathurst caribou herds. (ii) Analysis of secondary data:
The research also draws on documented and publicly available harvest
data from the Inuvialuit and Gwich’in regions (51, 52, 110). Secondary
data on historic and contemporary resource development activity in the
Bathurst range were sourced from the government of the Northwest
Territories and the public registry of the Mackenzie Valley Impact Review Board in the Northwest Territories. (iii) Community-based research: Case study research was collaboratively carried out with four
communities in the Inuvialuit, Gwich’in regions of the Yukon, and
Northwest Territories (Old Crow, Fort McPherson, Tuktoyaktuk, and
Paulatuk), and with Łutsël K’e Dene First Nation. Multidisciplinary social science research methods were used including historical ethnographic methods, harvest surveys, in-depth interviews, and focus
groups about socioeconomic effects, harvesting behaviors, and traditional rules of caribou management.

SUPPLEMENTARY MATERIALS
Supplementary material for this article is available at http://advances.sciencemag.org/cgi/
content/full/4/2/e1701611/DC1
Supplementary Text

REFERENCES AND NOTES
1. S. Lyster, The convention on the conservation of migratory species of wild animals (The
Bonn convention). Nat. Resour. J. 29, 978–1000 (1989).
2. L. S. Vors, M. S. Boyce, Global declines of caribou and reindeer. Glob. Chang. Biol. 15,
2626–2633 (2009).
3. A. Gunn, D. Russell, R. G. White, G. Kofinas, Facing a future of change: Wild migratory
caribou and reindeer. Arctic 62, iii–vi (2009).
4. A. Gunn, Voles, lemmings and caribou—Population cycles revisited? Rangifer 23,
105–111 (2003).
5. N. Bankes, The case for the abolition of free entry mining regimes. J. Land Resour.
Environ. Law 24, 317 (2004).
6. J. Sandlos, Hunters on the Margin: Native People and Wildlife Conservation in the
Northwest Territories (UBC Press, 2007).
7. Porcupine Caribou Management Board, Porcupine Caribou Annual Summary Report 2014
(Porcupine Caribou Management Board, 2014).
8. A. Frid, L. M. Dill, Human-caused disturbance stimuli as a form of predation risk. Conserv.
Ecol. 6, 11 (2002).
9. B. C. Forbes, J. J. Ebersole, B. Strandberg, Anthropogenic disturbance and patch
dynamics in circumpolar arctic ecosystems. Conserv. Biol. 15, 954–969 (2001).

11 of 14

Downloaded from http://advances.sciencemag.org/ on March 3, 2018

long histories of resource use have successfully dealt with variability in
natural resources in various ways (108). This case study builds on that
literature by revealing details about how and to what extent communities have been able to adapt to variability in barren-ground caribou
populations in the western arctic. The presentation of this work challenges conventional thinking and theories about the role of subsistence
in wildlife population dynamics in northern Canada; although based in
northwestern Canada, it may be relevant to other regions where subsistence is commonly associated with resource scarcity.
The combined stresses of resource development on caribou and
people are also considered in this paper. By bringing forward and
linking both science and traditional knowledge, we articulate the negative relationship between habitat disturbance from development and
caribou population change; during the period that the Bathurst caribou herd decreased by over 95%, habitat disturbance has increased
exponentially.
We suggest that this case of a science-policy gap is really a knowledgepolicy mismatch between the evidence from both science and traditional
knowledge on the one hand and government decision-making on the
other hand. The disregard for evidence about the environmental costs
of mining for caribou, particularly in the Bathurst range, may be a kind
of willful blindness to science—a noted concern over the past decade in
Canada and the United States (109). The indifference to traditional
knowledge and other kinds of Indigenous voices regarding the resource
development problem is a similarly worrying dimension of the same problem. More worrying still are the ways in which public and community
concerns about caribou have been addressed by focusing on Indigenous
harvesting. Unless the mismatch can be addressed, Canada may be
witness to another major resource collapse similar to that of the Atlantic
cod stocks, which disappeared in the early 1990s.
Although it is easy to attribute blame on an individual hunter
who has been anecdotally seen in a pickup truck on the highway, there
is no evidence that Indigenous harvest practices have had any influence on caribou population dynamics; what evidence does exist points
to a precipitous and alarming decrease in caribou harvesting and traditional food consumption. The implicit narrative behind harvest
management planning processes, that Indigenous peoples are responsible for the decline of the resource, if not their recovery, is compounding
this worrying trend in health (for example, increased prevalence of
chronic illness). Furthermore, there are implications for cultural discontinuity in Indigenous communities when traditional practices are
considered “problems” as opposed to protective factors to health and
well-being.
Finally, this case points to some worrying patterns in governance
including co-management. Many Indigenous communities participated
in harvest management planning processes with government in good
faith and with the aim of doing their part to take care of the caribou.
Territorial government efforts to side-step co-management board processes (as in the Yukon) and efforts to impose harvest restrictions while
opening up new caribou habitat for mining activity may have substantially damaged the legitimacy of co-management arrangements and the
many decades of trust building between government and communities.
Given the significant role of co-management arrangements in northern
governance, this may have long-term and broader implications for land
and resource management in northern Canada. By doing so, governments may have contributed to the destabilization of traditional systems
of caribou management including delegitimized traditional community
rule makers (that is, elders) that have been so critical to the sustainability
of northern Indigenous people and caribou for generations.

SCIENCE ADVANCES | RESEARCH ARTICLE

Parlee, Sandlos, Natcher, Sci. Adv. 2018; 4 : e1701611

28 February 2018

42. D. Hoogeveen, Sub-surface property, free-entry mineral staking and settler colonialism
in Canada. Antipode 47, 121–138 (2015).
43. Government of Canada, Northwest Territories Mining Regulations (Minister of Justice,
2014); http://laws-lois.justice.gc.ca/PDF/SOR-2014-68.pdf.
44. Government of Canada, Territorial Lands Act (Minister of Justice, 1985); http://laws-lois.
justice.gc.ca/PDF/T-7.pdf.
45. N. Bankes, C. Sharvit, Aboriginal Title and Free Entry Mining Regimes in Northern Canada
(Working Paper No. 2, Canadian Arctic Resources Committee, 1998).
46. S. C. Ellis, Meaningful consideration? A review of traditional knowledge in
environmental decision making. Arctic 58, 66–77 (2005).
47. Bluenose Caribou Management Plan Working Group, Taking Care of Caribou: The
Cape Bathurst, Bluenose-West, and Bluenose-East Barren-Ground Caribou Herds
Management Plan (Government of the Northwest Territories, Environment, and Natural
Resources, 2011).
48. Porcupine Caribou Management Board, Harvest Management Plan for the Porcupine
Caribou Herd in Canada (First Nation of NaCho Nyäk Dun, Gwich’in Tribal Council,
Inuvialuit Game Council, Tr’ondëk Hwëch’in, Vuntut Gwitchin Government, Government
of the Northwest Territories, Government of Yukon, and Government of Canada, 2010).
49. T. Davison, Technical Report on the Cape Bathurst, Bluenose-West, and Bluenose-East
Barren-Ground Caribou Herds Companion Report to Taking Care of Caribou: The Cape
Bathurst, Bluenose-West, and Bluenose-East Barren-Ground Caribou Herds Management
Plan (Government of the Northwest Territories, 2016).
50. A. Gunn, D. Russell, J. Eamer, Northern Caribou Population Trends in Canada. Canadian
Biodiversity: Ecosystem Status and Trends 2010 (Technical Thematic Report No. 10,
Canadian Councils of Resource Ministers, 2011).
51. Inuvialuit Joint Secretariat, Inuvialuit Harvest Study: Data and Methods Report 1988-1997
(Inuvialuit Joint Secretariat, 2003).
52. I. McDonald, Gwich’in Renewable Resources Board, Gwich’in Harvest Study: Final Report
(Gwich’in Renewable Resources Board, 2009).
53. J. S. Magdanz, N. S. Braem, B. C. Robbins, D. S. Koster, Subsistence Harvests in Northwest
Alaska, Kivalina and Noatak, 2007 (Technical Paper No. 354, Alaska Department of
Fish and Game Division of Subsistence, 2010.
54. B. L. Parlee, E. Goddard; Łutsël K’é Dene First Nation, M. Smith, Tracking change:
Traditional knowledge and monitoring of wildlife health in northern Canada.
Hum. Dimens. Wildl. 19, 47–61 (2014).
55. G. M. Egeland, L. Johnson-Down, Z. R. Cao, N. Sheikh, H. Weiler, Food insecurity
and nutrition transition combine to affect nutrient intakes in Canadian arctic
communities. J. Nutr. 141, 1746–1753 (2011).
56. M. S. Boyce, P. W. J. Baxter, H. P. Possingham, Managing moose harvests by the seat of
your pants. Theor. Popul. Biol. 82, 340–347 (2012).
57. V. Crichton, Hunter effort and observations—The potential for monitoring trends of
moose populations: A review. Alces 29, 181–186 (1993).
58. M. Crête, C. Dussault, Using hunting statistics to estimate density, cow-calf ratio and
harvest rate of moose in Quebec. Alces 23, 227–242 (1987).
59. I. W. Hatter, An assessment of catch per unit effort to estimate rate of change in deer
and moose populations. Alces 37, 71–77 (2001).
60. S. J. Harley, R. A. Myers, A. Dunn, Is catch-per-unit-effort proportional to abundance?
Can. J. Fish. Aquat. Sci. 58, 1760–1772 (2001).
61. B. Parlee, in When the Caribou Do Not Come: Indigenous Knowledge and Adaptive
Management in the Western Arctic, B. Parlee, K. Caine, Eds. (UBC Press, 2017).
62. K. Wray, B. Parlee, Ways we respect caribou: Teetł’it Gwich’in Rules. Arctic 66, 68–78
(2013).
63. T. Jeans, D. Natcher, N. Kassi, in When the Caribou Do Not Come: Indigenous Knowledge
and Adaptive Management in the Western Arctic, B. Parlee, K. Caine, Eds. (University
of British Columbia Press, 2017).
64. R. McMillan, B. Parlee, Dene hunting organization in Fort Good Hope, Northwest
Territories: “Ways we help each other and share what we can”. Arctic 66, 435–447
(2013).
65. C. J. Johnson, D. E. Russell, Long-term distribution responses of a migratory caribou herd
to human disturbance. Biol. Conserv. 177, 52–63 (2014).
66. S. A. Wolfe, B. Griffith, C. A. Gray Wolfe, Response of reindeer and caribou to human
activities. Polar Res. 19, 63–73 (2000).
67. I. Vistnes, C. Nellemann, P. Jordhøy, O. Strand, Effects of infrastructure on migration and
range use of wild reindeer. J. Wildl. Manage. 68, 101–108 (2004).
68. M. Festa-Bianchet, J. C. Ray, S. Boutin, S. D. Côté, A. Gunn, Conservation of caribou
(Rangifer tarandus) in Canada: An uncertain future. Can. J. Zool. 89, 419–434 (2011).
69. C. J. Johnson, M. S. Boyce, R. L. Case, H. D. Cluff, R. J. Gau, A. Gunn, R. Mulders,
Cumulative effects of human developments on arctic wildlife. Wildl. Monogr. 160, 1–36
(2005).
70. Government of the Northwest Territories and Nunavut Chamber of Mines, Northwest
Territories Mineral Resource Development Strategy (Government of the Northwest
Territories, 2013).

12 of 14

Downloaded from http://advances.sciencemag.org/ on March 3, 2018

10. D. Feeny, F. Berkes, B. J. Mccay, J. M. Acheson, The tragedy of the commons; Twenty-two
years later. Hum. Ecol. 18, 1–19 (1990).
11. M. Nuttall, C. Symon, L. Arris, B. Hill, Hunting, herding, fishing, and gathering: Indigenous
peoples and renewable resource use in the Arctic, in Arctic Climate Impact Assessment
(Cambridge Univ. Press, 2005), pp. 649–690.
12. F. S. Chapin III, G. Peterson, F. Berkes, T. V. Callaghan, P. Angelstam, M. Apps, C. Beier,
Y. Bergeron, A.-S. Crépin, K. Danell, T. Elmqvist, C. Folke, B. Forbes, N. Fresco,
G. Juday, J. Niemelä, A. Shvidenko, G. Whiteman, Resilience and vulnerability of
northern regions to social and environmental change. Ambio 33, 344–349 (2004).
13. L. Piper, J. Sandlos, A broken frontier: Ecological imperialism in the Canadian north.
Environ. Hist. 12, 759–795 (2007).
14. P. J. Usher, Caribou Crisis or Administrative Crisis? Wildlife and Aboriginal Policies on the
Barren Grounds of Canada, 1947–60, in Cultivating Arctic Landscapes: Knowing and
Managing Animals in the Circumpolar North, D. G. Anderson, M. Nuttall, Eds.
(Berghahn Books, 2004), pp. 172–199.
15. M. M. R. Freeman, Issues affecting subsistence security in arctic societies. Arctic
Anthropol. 34, 7–17 (1997).
16. P. Collings, Subsistence hunting and wildlife management in the central Canadian
Arctic. Arctic Anthropol. 34, 41–56 (1997).
17. M. M. R. Freeman, R. J. Hudson, L. Foote, Conservation Hunting: People and Wildlife in
Canada’s North (Canadian Circumpolar Institute, 2005).
18. O. R. Young, F. S. Chapin III, Anthropogenic impacts on biodiversity in the Arctic, in Arctic
and Alpine Biodiversity: Patterns, Causes and Ecosystem Consequences, F. S. Chapin III,
C. Körner, Eds. (Springer, 1995), pp. 183–196.
19. A. Gunn, C. J. Johnson, J. S. Nishi, C. J. Daniel, D. E. Russell, M. Carlson, J. Z. Adamczewski,
Understanding the cumulative effects of human activities on barren-ground caribou,
in Cumulative Effects in Wildlife Management: Impact Mitigation, P. R. Krausman,
L. K. Harris, Eds. (CRC Press, 2011), pp. 113–133.
20. G. Duhaime, N. Bernard, in Arctic Food Security, E. Maloney, Ed. (CCI Press/CIÉRA, 2008).
21. D. C. Natcher, Subsistence and the social economy of Canada’s aboriginal north.
North Rev. 30, 83–98 (2009).
22. M. Sahlins, The original affluent society, in The Original Affluent society. Limited Wants,
Unlimited Means: A Hunter–Gatherer Reader on Economics and the Environment
(Island Press, 1998), pp. 5–41.
23. A. W. F. Banfield, The Caribou Crisis (Beaver, 1956), pp. 3–7.
24. S. Krech III, The Ecological Indian: Myth and History (W. W. Norton & Company, 1999).
25. D. A. Fennell, Ecotourism and the myth of indigenous stewardship. J. Sustain. Tour. 16,
129–149 (2008).
26. G. Hardin, R. D. Lyons, E. Edelson, Tragedy of the Commons Revisited (AAAS, 1973).
27. M. L. Hunter, J. P. Gibbs, Fundamentals of Conservation Biology (John Wiley & Sons,
2006).
28. P. A. McAnany, N. Yoffee, Questioning Collapse: Human Resilience, Ecological Vulnerability,
and the Aftermath of Empire (Cambridge Univ. Press, 2009).
29. P. M. Vitousek, H. A. Mooney, J. Lubchenco, J. M. Melillo, Human domination of
Earth’s ecosystems. Science 277, 494–499 (1997).
30. G. Ceballos, P. R. Ehrlich, Mammal population losses and the extinction crisis. Science
296, 904–907 (2002).
31. D. Armitage, F. Berkes, N. Doubleday, Adaptive Co-Management: Collaboration, Learning,
and Multi-level Governance (University of British Columbia Press, 2007).
32. E. Ostrom, Governing the Commons (Cambridge Univ. Press, 2015).
33. E. Ostrom, J. Burger, C. B. Field, R. B. Norgaard, D. Policansky, Revisiting the commons:
Local lessons, global challenges. Science 284, 278–282 (1999).
34. M. Gadgil, F. Berkes, C. Folke, Indigenous knowledge for biodiversity conservation.
Ambio 22, 151–156 (1993).
35. F. Berkes, Sacred Ecology: Traditional Ecological Knowledge and Resource Management
(Taylor & Francis, 1998).
36. A. Kendrick, Caribou co-management in northern Canada: Fostering multiple ways of
knowing, in Navigating Social-Ecological Systems, F. Berkes, J. Colding, C. Folke,
Eds. (Cambridge Univ. Press, 2003), pp. 241–267.
37. P. Nadasdy, The anti-politics of TEK: The institutionalization of co-management
discourse and practice. Anthropologica 47, 215–232 (2005).
38. B. Winterhalder, Optimal foraging strategies and hunter-gatherer research in
anthropology: Theory and models, in Hunter-Gatherer Foraging Strategies,
B. Winterhalder, E. A. Smith, Eds. (University of Chicago, 1981), pp. 13–35.
39. B. Parlee, M. Manseau; Łutsël K’é Dene First Nation, Using traditional knowledge to adapt
to change: Denésǫłiné monitoring of caribou movements. Arctic 58, 26–37 (2005).
40. B. Parlee, M. Manseau; Łutsël K’é Dene First Nation, Understanding and communicating
about ecological change: Denesoline indicators of ecosystem health, in Breaking Ice:
Integrated Ocean Management in the Canadian North, F. Berkes, R. Huebert, H. Fast,
M. Manseau, A. Diduck, Eds. (University of Calgary Press, 2005), pp. 165–182.
41. R. Hall, Diamond mining in Canada’s northwest territories: A colonial continuity.
Antipode 45, 376–393 (2013).

SCIENCE ADVANCES | RESEARCH ARTICLE

Parlee, Sandlos, Natcher, Sci. Adv. 2018; 4 : e1701611

28 February 2018

96. R. Zalatan, A. Gunn, G. Henry, Long-term abundance patterns of barren-ground caribou
using trampling scars on roots of Picea mariana in the Northwest Territories, Canada.
Arct. Antarct. Alp. Res. 38, 624–630 (2006).
97. Yukon Government, Rationale for Implementing Conservation Measures to Protect the
Porcupine Caribou Herd (Environment Yukon, 2009).
98. Porcupine Caribou Management Board, in Porcupine Caribou Management Board
Minutes of Meeting (Inuvik, September 18 and 19, 2010) (Porcupine Caribou Management
Board, 2010).
99. C. Tobin, Whitehorse Daily Star, 2 February 2010.
100. R. Mostyn, Yukon News, 19 February 2010; http://www.enr.gov.nt.ca/sites/enr/files/
wkss_tuktu_nogak_2001.pdf.
101. J. Ronson, Yukon News, 22 January 2014.
102. Peel Watershed Planning Commission, Final Recommended Peel Watershed Regional
Land Use Plan (Peel Watershed Planning Commission, 2011).
103. N. Denette, CBC News, 10 January 2011; www.cbc.ca/news/canada/north/de-beersmine-plans-raise-caribou-concerns-1.1027251.
104. Mackenzie Valley Environmental Impact Review Board, Chedabucto Mineral Exploration
Development (Mackenzie Valley Environmental Impact Review Board, 2015).
105. Mackenzie Valley Environmental Impact Review Board, Report of Environmental
Assessment and Reasons for Decision (Mackenzie Valley Environmental Impact Review
Board, 2016), pp. 101–102; www.reviewboard.ca/upload/project_document/EA131401_Report_of_Environmental_Assesment_and_Reasons_for_Decision.PDF.
106. Lutsel K’e Dene First Nation, Written Response to the EA1314-01 Report of Environmental
Assessment and Reasons for Decision for the Jay Project, Dominion Diamond Ekati
Corporation (Mackenzie Valley Environmental Impact Review Board, 2016);
www.reviewboard.ca/upload/project_document/EA1314-01_LKDFN_letter_to_NPMO_
4April2016_re_Jay_project.PDF.
107. A. T. Bergerud, Evolving perspectives on caribou population dynamics, have we got it
right yet? Rangifer 16, 95–116 (1996).
108. F. Berkes, J. Colding, C. Folke, Rediscovery of traditional ecological knowledge as
adaptive management. Ecol. Appl. 10, 1251–1262 (2000).
109. C. Turner, The War on Science: Muzzled Scientists and Wilful Blindness in Stephen Harper’s
Canada (Greystone Books Ltd., 2013).
110. P. J. Usher, Inuvialuit use of the Beaufort Sea and its resources 1960–2000. Arctic 55,
18–28 (2002).
111. A. Gunn, D. Russell, J. Eamer, Northern Caribou Population Trends in Canada (Canadian
Councils of Resource Ministers, 2011).
112. Government of the Northwest Territories, in NWT State of Environment Report
(Government of the Northwest Territories, 2015); www.enr.gov.nt.ca/en/stateenvironment/74-trends-development-activities-requiring-permit-nwt.
113. P. Jacobsen, G. Chocolate, R. Wetrade, M. Birlea, Ekwò zò gha dzô nats’êdè: We Live Here
for Caribou. Cumulative Impact Study on the Bathurst Caribou (Dedats’eetsaa: Tłıc̨ hǫ
Research and Training Institute, 2016).
114. J. G. E. Smith, Economic uncertainty in an “original affluent society”: Caribou and caribou
eater Chipewyan adaptive strategies. Arctic Anthropol. 15, 68–88 (1978).
115. B. Winterhalder, in Boreal Forest Adaptations (Springer Publishing, 1983), pp. 201–241.
116. J. Kruse, Developing an arctic subsistence observation system. Polar Geogr. 34, 9–35
(2011).
117. P. O. Lyver; Łutsël K’É Dene First Nation, Monitoring barren-ground caribou body
condition with Denésǫłıné traditional knowledge. Arctic 58, 44–54 (2005).
118. A. Gunn, G. Arlooktoo, D. Kaomayok, in Traditional Knowledge and Renewable
Resource Management in Northern Regions, M. M. R. Freeman, L. N. Carbyn,
Eds. (Boreal Institute for Northern Studies, 1988), pp. 22–30.
119. G. Kofinas, Old Crow, Aklavik, Fort McPherson, Arctic Village, in Frontiers in Polar Social
Science–Indigenous Observations of Environmental Change, I. Krupnik, D. Jolly,
Eds. (ARCUS, 2002).
120. N. Doubleday, in Adaptive Co-management: Collaboration, Learning and Multi-level
Governance, D. Armitage, F. Berkes, N. Doubleday, Eds. (UBC Press, 2007), pp. 209–228.
121. F. Berkes, Evolution of co-management: Role of knowledge generation, bridging
organizations and social learning. J. Environ. Manage. 90, 1692–1702 (2009).
122. F. Berkes, in Common Property Resources: Ecology and Community-Based Sustainable
Development, F. Berkes, Ed. (Belhaven Press, 1989), pp. 70–88.
123. E. Padilla, G. Kofinas, “Letting the leaders pass”: Barriers to using traditional
ecological knowledge in comanagement as the basis of formal hunting regulations.
Ecol. Soc. 19, 7 (2014).
124. B. Winterhalder, Diet choice, risk, and food sharing in a stochastic environment.
J. Anthropol. Archaeol. 5, 369–392 (1986).
125. P. Collings, G. Wenzel, R. Condon, Modern food sharing networks and community
integration in the central Canadian Arctic. Arctic 51, 301–314 (1998).
126. G. Duhaime, É. Dewailly, P. Halley, C. Furgal, N. Bernard, A. Godmaire, C. Blanchet,
H. Myers, S. Powell, S. Bernier, J. Grondin, Food security in the Canadian Arctic: An

13 of 14

Downloaded from http://advances.sciencemag.org/ on March 3, 2018

71. J. Boulanger, K. G. Poole, A. Gunn, J. Wierzchowski, Estimating the zone of influence of
industrial development on wildlife: A migratory caribou and diamond mine case study.
Biol. Conserv. 18, 164–179 (2012).
72. R. D. Cameron, D. J. Reed, J. R. Dau, W. T. Smith, Redistribution of calving caribou in
response to oil field development on the arctic slope of Alaska. Arctic 45, 338–342
(1992).
73. R. D. Cameron, W. T. Smith, R. G. White, B. Griffith, Central arctic caribou and petroleum
development: Distributional, nutritional, and reproductive implications. Arctic 58, 1–9
(2005).
74. S. J. Dyer, J. P. O’Neill, S. M. Wasel, S. Boutin, Avoidance of industrial development by
woodland caribou. J. Wildl. Manage. 65, 531–542 (2001).
75. T. Sorenson, P. D. McLoughlin, D. Hervieux, E. Dzus, J. Nolan, B. Wynes, S. Boutin,
Determining sustainable levels of cumulative effects for boreal caribou. J. Wildl. Manage.
72, 900–905 (2008).
76. N. Thorpe, N. Hakongak, S. Eyegetok, M. Kadlun-Jones, The Tuktu and Nogak Project Final
Report: A Caribou Chronicle (Government of the Northwest Territories, 2001);
www.enr.gov.nt.ca/sites/enr/files/wkss_tuktu_nogak_2001.pdf.
77. G. P. Kofinas, Caribou hunters and researchers at the co-management interface:
Emergent dilemmas and the dynamics of legitimacy in power sharing. Anthropologica
47, 179–196 (2005).
78. A. Kendrick, M. Manseau, Representing traditional knowledge: Resource management
and Inuit knowledge of barren-ground caribou. Soc. Nat. Resour. 21, 404–418 (2008).
79. L. P. Dana, R. B. Anderson, A. Meis-Mason, A study of the impact of oil and gas
development on the Dene First Nations of the Sahtu (Great Bear Lake) Region of the
Canadian Northwest Territories. J. Enterprising Communities 3, 94–117 (2009).
80. B. Parlee, M. Manseau; Łutsël K’é Dene First Nation, Using traditional knowledge to adapt
to ecological change: Denésoliné monitoring of caribou movements. Arctic 58, 26–37
(2010).
81. I. McWilliam, Transcribed interview for BHP Diamonds Inc. traditional knowledge
project, in Hearing Transcripts from the Environmental Assessment of the BHP Diamond
Mine Inc. (Kitikmeot Inuit Association, 1995).
82. L. Sadownik, H. Harris, M. Stevenson, C. Hickey, Dene and Inuit Traditional Knowledge:
A Literature Review (Canadian Circumpolar Institute, 1995).
83. A. Legat, G. Chocolate, M. Chocolate, S. A. Zoe, Habitat of Dogrib Traditional Territory:
Placenames as Indicators of Biogeographical Knowledge: Final Report (West Kitikmeot
Slave Study Society, ACU, 2002).
84. G. Kofinas, D. Klein, G. Osherenko, B. C. Forbes, Research planning in the face of change:
The human role in reindeer/caribou systems. Polar Res. 19, 3–21 (2000).
85. J. A. Kruse, R. G. White, H. E. Epstein, B. Archie, M. Berman, S. R. Braund, F. S. Chapin III,
J. Charlie Sr., C. J. Daniel, J. Eamer, N. Flanders, B. Griffith, S. Haley, L. Huskey, B. Joseph,
D. R. Klein, G. P. Kofinas, S. M. Martin, S. M. Murphy, W. Nebesky, C. Nicolson, D. E. Russell,
J. Tetlichi, A. Tussing, M. D. Walker, O. R. Young, Modeling sustainability of Arctic
communities: An inter-disciplinary collaboration of researchers and local knowledge
holders. Ecosystems 7, 815–828 (2004).
86. S. Pedersen, M. Coffing, Caribou Hunting: Land Use Dimensions and Recent Harvest
Patterns in Kaktovik, Northeast Alaska (Alaska Department of Fish and Game, Division of
Subsistence, 1984).
87. N. L. Thorpe, The Tuktu and Nogak Project: Inuit knowledge about caribou and calving
areas in the Bathurst Inlet region. Arctic 50, 381 (1997).
88. A. Wiles, J. McEwen, M. H. Sadar, Use of traditional ecological knowledge in
environmental assessment of uranium mining in the Athabasca Saskatchewan.
Impact Assess. Proj. Appraisal 17, 107–114 (1999).
89. P. Lyver, The Use and Comparison of Traditional Environment Knowledge and
Ecological Science in the Assessment of Barren Ground Caribou Herd Condition in
Canada’s Northwest Territories (2000).
90. A. Legat, G. Chocolate, B. Gon, S.-A. Zoe, M. Chocolate, Relationship Between Caribou
Migration Patterns and the State of Caribou Habitat—Final Report from Dogrib Treaty 11
Council (West Kitikmeot Slave Study Society, 2001).
91. E. Marlowe, B. Parlee, Traditional Knowledge on Community Healths (West Kitikmeot
Slave Study Society, 1999).
92. A. Kendrick, P. O. Lyver; Lutsël K’é Dene First Nation, Denésôliné (Chipewyan) knowledge
of barren-ground caribou (Rangifer tarandus groenlandicus) movements. Arctic 58,
175–191 (2005).
93. M. A. D. Ferguson, R. G. Williamson, F. Messier, Inuit knowledge of long-term changes in
a population of Arctic tundra caribou. Arctic 51, 201 (1998).
94. A. B. Gordon, M. Andre, B. Kaglik, S. Cockney, M. Allen, R. Tetlichi, R. Buckle, A. Firth,
J. Andre, M. Gilbert, B. Iglangasak, F. Rexford, Arctic Borderlands Ecological Knowledge
Co-op Community Reports 2006-2007 (Arctic Borderlands Ecological Knowledge Society,
2008).
95. H. Moller, F. Berkes, P. O. Lyver, M. Kislalioglu, Combining science and traditional
ecological knowledge: Monitoring populations for co-management. Ecol. Soc. 9, 2
(2004).

SCIENCE ADVANCES | RESEARCH ARTICLE
integrated synthesis for an action plan, in Arctic Food Security, G. Duhaime, N. Bernard,
Eds. (Canadian Circumpolar Institute Press, 2008), pp. 73–104.
127. A. Legat, “Walking the land, feeding the fire: Becoming and being knowledgeable
among the Tłįchǫ Dene,” thesis, University of Aberdeen, Aberdeen, UK (2010).
Acknowledgments: We appreciate the support of the Inuvialuit Game Council, Gwich’in
Renewable Resources Board, and the Gwich’in Social and Cultural Institute with particular
appreciation to research collaborators and participants from Aklavik, Paulatuk, Tuktoyaktuk,
Fort McPherson, Old Crow, and Lutsel K’e Dene First Nation. Special thanks to
B. Wichmann, F. Qiu, and other colleagues from the Department of Resource Economics
and Environmental Sociology (University of Alberta) for their guidance. Funding: Funding
for this project was received from the Social Sciences and Humanities Research Council
through a grant to B.L.P. at the University of Alberta (RES0016416) and from the
Canadian International Polar Year. The theories developed within the paper are the result
of a multiyear collaboration between the three authors under the Social Sciences and
Humanities Research Council project “Resources and Sustainable Development in
the Arctic (ReSDA).” Author contributions: All authors developed the theories in the

paper. B.L.P. was the lead author, conducted the literature review, accessed and analyzed
harvest data, prepared figures, and led the case study research in four of the five communities.
J.S. prepared the archival material discussed in the article including details about mining
regulations and decisions about mining activity in the Northwest Territories. D.C.N. coordinated
the case study research in Old Crow (Yukon) and prepared literature review on Indigenous
subsistence economies. Competing interests: All authors declare that they have no competing
interests. Data and materials availability: All data needed to evaluate the conclusions in
the paper are present in the paper and/or the Supplementary Materials. Additional data related
to this paper may be requested from the authors.
Submitted 15 May 2017
Accepted 30 January 2018
Published 28 February 2018
10.1126/sciadv.1701611
Citation: B. L. Parlee, J. Sandlos, D. C. Natcher, Undermining subsistence: Barren-ground
caribou in a “tragedy of open access”. Sci. Adv. 4, e1701611 (2018).

Downloaded from http://advances.sciencemag.org/ on March 3, 2018

Parlee, Sandlos, Natcher, Sci. Adv. 2018; 4 : e1701611

28 February 2018

14 of 14

Undermining subsistence: Barren-ground caribou in a ''tragedy of open access''
Brenda L. Parlee, John Sandlos and David C. Natcher

Sci Adv 4 (2), e1701611.
DOI: 10.1126/sciadv.1701611

http://advances.sciencemag.org/content/4/2/e1701611

SUPPLEMENTARY
MATERIALS

http://advances.sciencemag.org/content/suppl/2018/02/26/4.2.e1701611.DC1

REFERENCES

This article cites 64 articles, 4 of which you can access for free
http://advances.sciencemag.org/content/4/2/e1701611#BIBL

PERMISSIONS

http://www.sciencemag.org/help/reprints-and-permissions

Use of this article is subject to the Terms of Service
Science Advances (ISSN 2375-2548) is published by the American Association for the Advancement of Science, 1200 New
York Avenue NW, Washington, DC 20005. 2017 © The Authors, some rights reserved; exclusive licensee American
Association for the Advancement of Science. No claim to original U.S. Government Works. The title Science Advances is a
registered trademark of AAAS.

Downloaded from http://advances.sciencemag.org/ on March 3, 2018

ARTICLE TOOLS

