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Introduction: Climate change is increasing vulnerability to food insecurity
and biodiversity loss for many Indigenous Peoples globally. For Inuit, food
sovereignty is one expression of Indigenous self-determination, and it
includes the right of all Inuit to define their own conservation policies. Caribou
conservation is particularly pertinent because of the central role caribou play
in Inuit food systems. The “"Dolphin and Union" (DU) caribou herd is a critical
component of Inuit food systems in the Canadian Arctic and has declined by
89% in 2020 (3,815) from the peak measured by aerial survey in 1997 (34,558).

Methods: Our first objective was to identify insights about this herd from
and with Inuit Qaujimajatugangit (knowledge). Using thematic analysis, we
created a collective account on the DU caribou herd through a research
partnership among Indigenous knowledge keepers, government, and
academia. Our second objective was to put our findings into the broader
literature on the DU caribou herd and connect isolated data on their
abundance and distribution.

Results: We found understanding Inuit knowledge of caribou meant situating
harvesters’ knowledge within their family history, harvesting methods,
conservation ethics, and in relation to other harvesters. Through this
framework, we conceptualized Inuit-described metrics of caribou status,
resulting in three sub-themes of caribou trends over time — their abundance,
distribution, and health, — and ending with conservation concerns and
potential actions. The synthesized data indicated that the overall population
size increased since ~1990s and then decreased after ~2000s alongside a
range contraction. Our results add value to co-management literature by
(1) articulating Inuit-described metrics of a population decline that inform
continued monitoring and incorporation of these metrics into management
planning and (2) synthesizing data from various studies on the DU caribou
herd abundance and distribution that assists management to make informed
conservation decisions based on Inuit and Western knowledge.

Discussion: Results from this research contribute to understanding the six
dimensions of environmental health, i.e., availability, stability, accessibility,
health and wellness, Inuit culture, and decision-making power and
management relating to caribou. The results contribute information that is
used by to support environmental health, i.e., knowledge systems, policy,
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and co-management relating to caribou. Thus, this collaborative research
study supports the expression of Inuit food sovereignty through caribou

conservation.
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co-management, Indigenous knowledge, species-at-risk, Rangifer, Dolphin and
Union caribou, Traditional knowledge, thematic analysis, Inuit food security

1 Introduction

Despite global efforts to avoid the worse case climate scenarios,
climate change is implicated in numerous cases of increasing
vulnerability to biodiversity loss and food insecurity (Nunez et al.,
2019; Muluneh, 2021). The destructive ecological impacts of climate
change may still be mitigated with swift international cooperation
(Whyte, 2020; Intergovernmental Panel on Climate Change, 2022),
requiring expertise across disciplines, worldviews, and public service
sectors (Gavin et al., 2018). International science-policy organizations,
such as the Intergovernmental Science-Policy Platform on Biodiversity
and Ecosystem Services (IPBES) or the Convention on Biological
Diversity, have emphasized the need to “bridge the divide” between
Indigenous and Western knowledges to address biodiversity loss
(Lofmarck and Lidskog, 2017; Teng6 et al., 2017; Tomasini, 2018;
Intergovernmental Panel on Climate Change, 2022). Yet, the
effectiveness of these efforts is often impeded by collaboration
struggles among conservation actors (Rose et al., 2019). Barriers to
collaboration may manifest as misconceptions and biases, language
barriers, legacy effects, and limited resources, trust, and experience,
among others (Tengo et al., 2017; Ulicsni et al., 2019; Wheeler et al,
2020). Indigenous leaders explain the connection between climate
change and colonization, where climate change and colonization are
one and the same or that they exist as two issues in the same system,
fueling each other (McGregor et al., 2020; Whyte, 2020). These authors
contend that addressing climate change requires empowering
collective self-determination of Indigenous Peoples.

Indigenous groups around the world have harvested wild species,
or country foods, for thousands of years, and this is integral to their
culture, identity, and health (Boulanger-Lapointe et al., 2019; Akinola
etal,, 2020; Ajibola et al., 2023). Inuit food sovereignty, one expression
of Inuit self-determination, is the right of all Inuit to define their own
conservation policies, determine what is appropriate distribution of
food, and maintain means to access country foods (Inuit Circumpolar
Council Alaska, 2020). Inuit food sovereignty is required for Inuit
food security (Inuit Circumpolar Council Alaska, 2020). Inuit food
security is characterized by environmental health, and dependant on
six components: (1) availability, (2) stability, (3) accessibility, (4) health
and wellness, (5) Inuit culture, and (6) decision-making power and
management (Inuit Circumpolar Council Alaska, 2020). Indeed, arctic
country foods are nutritionally rich, and although store-bought foods
are now common place, country foods remain preferred for their
nutritional value, spiritual value, and taste (Inuit Circumpolar Council
Alaska, 2020; Inuit Tapiriit Kanatami, 2021). Climate change has
generally decreased the accessibility and availability of country foods
(Inuit Tapiriit Kanatami, 2021), with Inuit reporting unpredictable
and more dangerous harvesting conditions because of thinning
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sea-ice, thawing permafrost, rising sea levels, stronger and more
variable wind conditions, and shifting wildlife ranges (Inuit
Circumpolar Council Canada, 2012; Fawcett et al., 2018; Beaulieu
et al,, 2023). The health of cold-adapted wildlife is challenged under
these new climate conditions, like the Arctic char (Salvelinus alpinus)
who experience reduced cardiorespiratory performance and
recoverability in higher water temperatures (Gilbert et al., 2016, 2020).

Wildlife conservation is inherent to Inuit food security and
sovereignty (Inuit Circumpolar Council Alaska, 2020). In Canada,
species status assessments through the federal Species at Risk Act (i.e.,
Endangered, Threatened, Special Concern, Least Concern) and
subsequent wildlife management decision-making often rely on
reports that compile and analyze the best available information on the
species of interest (Lyver et al., 2018; COSEWIC, 2021). Various health
indicators, such as population demographics, distribution, habitat
quality, body condition, or disease status, can guide a species’
conservation status (Peacock et al., 2020). Historically, these indicators
were informed almost exclusively through quantitative science.
However, an inclusive process that incorporates Indigenous knowledge
side by side with Western knowledge (inclusive of quantitative and
qualitative science) is recommended to improve species assessments
(Polfus et al., 2014; Lyver et al,, 2018; Peacock et al., 2020; Singer et al.,
2023) and is often mandated by local (e.g., Statutes of Nunavut, 2018;
Government of Northwest Territories, 2019), national (e.g.,
COSEWIC, 2017a), and international agencies (e.g., Cross et al., 2017;
Lofmarck and Lidskog, 2017). Increasingly, Indigenous knowledge,
often documented with methods from qualitative science, is used to
enhance understanding of wildlife and environmental status, trends,
and health (e.g., Ostertag et al., 2018; Tomaselli et al., 2018; Fox et al,
2020). This approach guides and improves decision-making with the
goal that wildlife populations who are around today may be present
in the future (Berkes et al., 2000; Kutz and Tomaselli, 2019; Peacock
et al., 2020; Singer et al., 2023).

In Nunavut and the Northwest Territories (NWT), Canada, the
land claims agreements, wildlife management systems, and their
corresponding legislation centre Inuit rights and promote the use of
Inuit knowledge in wildlife management decisions (e.g., Statutes of
Canada, 1984, 1993; Statutes of the Northwest Territories, 2009;
Statutes of Nunavut, 2018). For example, article five of Nunavut Land
Claims Agreement Act outlines the approach towards wildlife
management within the Nunavut Settlement Area. This article
recognizes that “there is a need for an effective role for Inuit in all
aspects of wildlife management, including research” (5.1.2 (h)) and
implements the Nunavut Wildlife Management Board, whose
membership includes Inuit, federal government, and territorial
government, as “the main instrument of wildlife management”
(5.2.33) (Statutes of Canada, 1993). While the Nunavut Land Claims
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Agreement Act does not invoke the term “co-management,” these
mandates towards collaborative management and research for wildlife
that shares power between Inuit and public governments is consistent
with co-management definitions (Berkes, 2009). Land claims-based
co-management within Canada has advanced Indigenous sovereignty
in the settlement areas, albeit with facets that require improvement
(see Parlee and Caine, 2018; White, 2020;
Armitage, 2023).

An animal of particular importance in Nunavut and the NWT,

Swerdfager and

and more generally across the circumpolar regions, is the caribou,
Rangifer tarandus (Freeman, 1976; Anderson and Nuttall, 2004;
Borish et al., 2021). Caribou in Canada have experienced widespread
declines in abundance, including the three caribou sub-species and
designatable units (“discrete and evolutionarily significant units of the
taxonomic species”) in the central Canadian Arctic (COSEWIC, 2011,
p- 14; Festa-Bianchet et al., 2011). These designatable units include
Peary (R. t. pearyi), Dolphin and Union (R. t. groenlandicus x pearyi;
DU) and Barren-ground (R. t. groenlandicus) caribou which are
currently assessed as Threatened (Peary, Barren-ground) or
Endangered (Dolphin and Union) (COSEWIC, 2015, 2016, 2017¢;
Species at Risk Committee, 2022, 2023; Nunavut Wildlife Management
Board, 2022b). These three populations are harvested by Kitikmeot
Inuit in Nunavut and Inuvialuit in the NWT. The widespread declines
of Barren-ground caribou have limited the availability of caribou for
country food and increased community dependence on the DU
caribou herd, the latest herd to decline (COSEWIC, 2015, 2016, 2017¢).

The goal of our study was to document Inuit knowledge on the
DU caribou herd to support and strengthen Inuit food sovereignty
through equitably informed caribou co-management. Specifically, our
first objective was to create a collective account of Kugluktukmiut
knowledge around the DU caribou herd and identify Inuit-described
metrics of a changing caribou population. Our research question was
“What were the past and present trends in the DU caribou herd’s
population, distribution, health, and threats as described by
Kugluktukmiut knowledge keepers in 2018-2020?” Our second
objective was to position these findings within the broader literature
on the DU caribou herd and, by doing so, connect isolated data and
different ways of knowing on this herd’s abundance and distribution
from previously published peer-reviewed and grey literature. By
bringing together these disparate and valuable sources of knowledge,
we aim to ensure that co-management partners have the information
necessary to uphold their responsibilities outlined in land claims
agreements and centre Inuit knowledge in policy recommendations
that directly affect Inuit food security.

2 Materials and methods
2.1 Study populations

This work began with a common interest of having the DU
caribou herd around for future generations. We started a collaboration
among representatives from the University of Calgary, the Kugluktuk
Angoniatit Association (a Hunters and Trappers Organization), and
the Government of Nunavut to learn more about caribou from
Kugluktuk harvesters and their Traditional knowledge. Traditional
knowledge, also known as Inuit Qaujimajatuqangit, Inuit knowledge,
or Indigenous knowledge, is the term frequently used in Kugluktuk to
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refer to knowledge that Inuit have gained over many generations and
is inclusive of Inuit values, customs, and principles for living (Pedersen
etal., 2020). Over the years from 2017 to 2023, our collaboration grew
to include the Ekaluktutiak Hunters and Trappers Organization, the
Olokhaktomiut Hunters and Trappers Committee, and the Wildlife
Management Advisory Council (NWT), covering the main
communities that depend on the DU caribou herd. Beyond these
caribou, people in Kugluktuk, Ekaluktutiak, and Ulukhaktok share a
rich cultural history as Inuinnait. Inuinnait are distinct collective of
Inuit who use the coastline of Victoria Island along the Coronation
Gulf and around to the neighbouring shore of Banks Island as well as
the adjacent mainland (Bennett and Rowley, 2004; Collignon, 2006).
Their collective represents at least 16 different groups of Inuit (often
identified with the suffix-miut) with loose economic and social ties
(Bennett and Rowley, 2004; Collignon, 2006). Today, most Inuinnait
have close familial connections and have moved to the main
settlements of Kugluktuk, Ekaluktutiak, and Ulukhaktok, with very
few people remaining in the outpost camps of Umingmaktok and
Kingauk (Bennett and Rowley, 2004).

The interviews in objective one focus on Kugluktukmiut
knowledge. Kugluktuk is the westernmost community in Nunavut and
was home to 1,382 people in 2021, 89.5% identifying as Inuit (Statistics
Canada, 2021) (Figure 1). Caribou are essential for subsistence and
were the most frequently discussed wildlife species in previous
interviews focusing on climate change and food security (Government
of Nunavut, 2018; Panikkar and Lemmond, 2020). Herds commonly
harvested by Kugluktukmiut include Barren-ground caribou
(Bluenose East, Bathurst) and the DU caribou (Government of
Nunavut, 2007). Characteristically, the DU caribou herd summer on
Victoria Island and winter on the adjacent mainland, crossing the
sea-ice during their fall and spring migrations (Poole et al., 2010)
(Figure 1). In 2011, the Government of Canada listed the DU caribou

©
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Northwest Territories
0 240
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FIGURE 1

Study area, including communities that harvest DU caribou (pins) and
important places for Kugluktukmiut (dots as indicated from
interviews).
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herd as Special Concern in the Species at Risk Act given uncertainty
around abundance and harvesting levels (COSEWIC, 2004;
Government of Canada, 2011). In COSEWIC (2017c¢) reassessed the
herd as Endangered because of abundance declines and multiple
threats such as decreased sea-ice connecting seasonal habitats. The
Nunavut Wildlife Management Board supported the federal uplisting
of the DU caribou herd to Endangered in 2022 (Nunavut Wildlife
Management Board, 2022b), and the Species at Risk Committee in the
NWT reassessed the herd as Endangered in 2023 (Species at Risk
Committee, 2023).

2.2 Conceptual framework

We used critical realism to conceptualize how harvesters learned
and knew about caribou (see Supplementary materials for glossary).
Critical realism acknowledges existing external realities (Maxwell and
Mittapalli, 2011; Pickens and Braun, 2018). For example, caribou exist
and have lives separate from humans. Critical realism also presumes
we can never fully understand these realities because of our socially
and culturally situated truths of reality (Maxwell and Mittapalli, 2011;
Pickens and Braun, 2018). Thus, harvesters can have partial, differing
accounts of caribou that can be true simultaneously because they have
different lived experiences, influenced by aspects such as age, class,
gender, and other individual experiences or characteristics (Maxwell
and Mittapalli, 2011). Similarly, harvested and collared caribou are
chosen for their particular characteristics, such as body condition,
location, age/sex class, or group size. Such characteristics add another
lens to understanding data derived from the caribou, which is
sometimes called a selection bias. Under critical realism, biases are not
aspects to try to reduce or remove. Instead, we have aimed to account
for and retain these orientations so that we can make the best
connections possible in the data. Critical realism informed our
interview facilitation, data documentation, and analytical stages.

2.3 Creating a collective account of
Kugluktukmiut knowledge

We held a series of semi-structured interviews from 2018 to 2022,
informed by results of previous research (Tomaselli et al., 2018; Hanke
et al., 2021) (Figure 2). This approach included initial individual,
exploratory interviews, followed by group interviews focused on
caribou abundance, distribution, health, and conservation concerns,
and then feedback sessions for verification of the researchers’
interpretations of the interviews (see Supplementary materials for
interview guides). We invited expert caribou harvesters to participate
in the study based on recommendations by the Kugluktuk Angoniatit
Association (purposive sampling) and suggestions of other harvesters
from people already involved in the interviews (snowball sampling)
(Green and Thorogood., 2014). We invited harvesters who were
already involved in the study, as well as new ones, at each subsequent
research stage.

All research stages were audio-recorded, but only the individual
and group interview recordings were transcribed. The transcription
followed a list of conventions that we created for consistently
documenting distinct pauses in conversation, laughter and coughing,
and parts of the audio-recordings we were unsure about (Tilley, 2016).
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Create a collective account of
Kugluktukmiut knowledge
around the DU caribou herd

Individual Interviews

Group Interviews

Feedback Sessions
Health

Feedback Sessions
General

Present to community and
User-to-Users Working Group

v

Directed a need to synthesize
information on the DU caribou herd

Present to

co-management partners

v

Co-publish manuscript and report

FIGURE 2

Progression of study methods. The top section in white refers to the
steps taken to achieve study objective 1, and the bottom section in
green refers to the steps taken to achieve study objective 2. Activities
are connected by arrows and the moments taken to complete
analyses based on the input received during the previous activities.
After a set of analysis was completed, the results were returned and
discussed with community (study participants or public
presentations) or co-management partners. The User-to-Users
Working Group is a collective of representatives from each of the
Hunters and Trappers authorities within the DU caribou herd range,
including the communities of Kugluktuk and Ekaluktutiak in Nunavut
and Ulukhaktok and Paulatuk in the NWT.

Interviews were conducted in English. Harvesters who were fluent
in English and Inuinnaqtun translated during group interviews when
needed to support conservations between other harvesters and the
interview facilitators; no language support was needed during the
individual interviews. All harvesters received honoraria set by local
guidelines. The Kugluktuk Angoniatit Association confirmed the age/
experience category that interviewees self-identified as (i.e., Elders and
non-Elders) and all interviewees were over the age of 18 years old.
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We composed the group interviews based on these categories (e.g.,
Elders grouped with Elders) to help navigate group dynamics.
We offered knowledge keepers the opportunity to be named as a
contributor to this research, in their quotes, and on their photographs.
This type of participant identification is consistent with Indigenous
ethics (McGrath, 2019; Wheeler et al., 2020) and was agreed upon
among the University of Calgary, the Kugluktuk Angoniatit
Association, and the participating harvesters.

2.3.1 Individual interviews: exploratory

Individual interviews were facilitated in September and October
2018 with nine self-identified Elders and six non-Elders at the
Kugluktuk Angoniatit Association office. The interviews explored the
meaning of the DU caribou herd to the community, observations
related to the herd’s abundance, distribution, and health, as well as
conservation concerns and potential ways to address these concerns.
The interview guide, which was informed by expertise from the
Kugluktuk Angoniatit Association, was built using previous interviews
that were facilitated in 2003 and used participatory mapping to aid the
discussions (Hanke et al., 2021). The preliminary analysis of the
individual interviews was used to inform the group interviews.

2.3.2 Group interviews: participatory
epidemiology

The goal of the group interviews was to further explore themes
gleaned from the individual interviews and create semi-quantitative
data on caribou distribution, abundance, demographics, and health.
We facilitated seven group interviews with two to three knowledge
keepers in January 2019, engaging nine self-identified Elders and
seven non-Elders. We chose group interviews so harvesters could
build their answers together and discuss why their perspectives may
differ (Tilley, 2016).

We used participatory mapping (see below) to document
knowledge keepers’ common travel areas and harvesting ranges for
the DU caribou herd. We used proportional piling to document
relative abundance of the DU caribou herd and create ratios of changes
in abundance over time (Tomaselli et al., 2018). First, we asked
harvesters what year(s) in their life experience they saw the most DU
caribou; this became the 100% mark and was represented by a two-cup
pile of beans. Second, we asked the knowledge keepers to select the
portion of the beans from the pile that represents how many DU
caribou they saw in 2019 compared to the peak time (100%). Then,
we measured that amount of beans with a two-cup measuring cup to
create a percent ratio from peak caribou (100%) to the number of
caribou observed in 2019 (XX%). If the harvesters had information
before peak population (100%), it was determined using the same
steps. The facilitator and harvesters then estimated a line that
connected the data points on a paper chart. Once drawn, the facilitator
calculated the associated percentage for every five years and adjusted
the results according to guidance from the knowledge keepers.

We used printed images of common caribou diseases to help
guide our discussions around caribou health. When harvesters said
they had seen signs of disease in caribou (caught/harvested or
observed), we asked harvesters for more details on a temporal line
since their first sighting of the abnormality to the time of the
interviews (2018-2020). We used proportional piling to track changes
in how often they saw this in caribou over time. We used proportional
piling and discussion to explore how signs of disease may have varied
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with caribou demography (sex, age class), seasonality, occurrence,
and severity.

2.3.3 Feedback sessions and presentations:
verification

Feedback sessions were used to share results, including maps,
charts, and themes, and correct any misinterpretation by the
researchers. Knowledge keepers had the opportunity to amend all
results, including re-piling the abundance data, redrawing the maps,
and adding nuance to the disease data. We facilitated four group and
five drop-in feedback sessions with knowledge keepers in January and
February 2020. Harvesters who could not attend the scheduled group
feedback sessions were invited, at their convenience, to come to the
Kugluktuk Angoniatit Association office and go through the results.
In total, these sessions engaged 16 self-identified Elders and nine
non-Elders. A second set of feedback sessions focused on health were
completed in May 2022 with a subset of six harvesters (four Elders,
two non-Elders) representing five of the original seven interview
groups through one-on-one discussions. All participants from one
Elder group interview had passed by the time of the health-focused
feedback sessions.

2.3.4 Participatory mapping methods

Each interview set employed participatory mapping, using paper
maps generated in ArcGIS, to aid discussions about the land (Armitage
and Kilburn, 2015). The individual and group interviews used a single
map per individual/group and coloured markers to differentiate
attributes such as type of observation, year, and season. Each feedback
session used 11 different maps to further elucidate spatial and
temporal details: one for “What parts of the land do you know really
well?”, and two sets of five for “Where do people see DU caribou?”, and
“Where do people catch DU caribou?”, respectively during different
time-intervals: 1980-1989, 1990-1999, 2000-2009, 2010-2017, and
2018-2020 (i.e., “today”). Each knowledge keeper drew on the maps
with a marker unless they asked for the interviewer to do it for them.
Interviewer notes were added in pencil to the maps during the
interviews. All mapping attributes were confirmed before the end of
the interviews.

2.3.5 Analysis

We analyzed the data thematically using inductive thematic
analysis to explore shared patterns of meaning in the interviews
(Braun and Clarke, 2020a,b). There are six phases to this analytical
method: (1) data familiarisation and writing familiarisation notes; (2)
systematic data coding; (3) generating initial themes from coded and
collated data; (4) developing and reviewing themes; (5) refining,
defining and naming themes; and (6) writing the report (Braun and
Clarke, 2020b). We familiarized ourselves with the data while
facilitating the interviews, transcribing the audio-recordings,
digitizing the maps, editing the transcripts and maps, and reviewing
the finalized materials while taking notes of analytical interest. Our
coding process was systematic through each research phase using two
specific coding strategies: holistic coding that allowed room for an
analyst-focused exploration of the data, and in vivo coding to ground
the coding in the data, that is the words of the knowledge keepers. In
this, we were able to reflexively review differences in worldviews that
may appear in the coding due to differing cultural backgrounds
among the knowledge keepers and the analysts. We did all the
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interview coding in NVivo 12, a software that assists in organizing
qualitative data (QSR International, 2022). We did these steps for each
research stage and interview set.

After the individual interviews, our theme development initially
focused on categories that described what harvesters were saying
about caribou abundance, distribution, health, and other concerns.
We presented the main results from this stage of the analysis at the
beginning of the group interviews. After the group interviews,
we deepened and expanded our analysis to learn how harvesters spoke
about the DU caribou herd and identify the relationships among
topics discussed in the interviews. We presented results from this
analytical stage during the feedback sessions. We then returned to the
theme development with the harvesters’ guidance to ground more
spatial context into the caribou observations. We presented the revised
themes to the community at the Kugluktuk Angoniatit Association
annual general meeting. We followed this same iterative process with
the sub-group of harvesters involved in the health feedback sessions.

Participatory maps were scanned or photographed, georeferenced,
and digitized into polygons and polylines within ArcGIS Pro software
(Esri, n.d.). We merged all participatory maps across the study to
summarize observations across maps (Honeycutt, 2012). We dissolved
all the mapping by harvester or group interview, so that only inter-
harvester/group overlapping was counted in the spatial analysis. These
methods allowed us to count how many times a location was mapped
across different interviews, resulting in a hue gradient in the final
maps. We used geoprocessing tools (Dissolve, Clip, Calculate Field) to
summarize the area (km?) covered by the polygons, rounding to the
nearest hundred to allow a buffer for mapping accuracy (Armitage
and Kilburn, 2015; Robertson, 2017).

We created a hue gradient bar, from light to dark, showing caribou
relative distance from community based on the oral accounts of
changing caribou locations. The darkest hues represent when caribou
were closest to community and the lightest hues represent when
caribou were furthest from community.

We compiled the proportional piling data on abundance trends
with a smoothed quadratic regression model using R software (The R
Foundation, n.d.). We tested a linear regression for the affects of
polynomial terms and harvester age before determining the model of
best fit.

2.4 Synthesis of disparate data sources on
the DU caribou herd

The data synthesis was inspired by our interviews and various
ongoing research collaborations around the DU caribou herd [e.g.,
Hanke et al., 2020; Peacock et al., 2020; Hanke et al., 2021; Hanke and
WMAC (NW'T), 2023] where all partners described in section 2.1
emphasized the importance of using all tools available to learn about
these caribou to ensure that the best possible conservation decisions
are made. We, thus, pulled together the available peer-reviewed and
grey literature on the DU caribou herd to put our results into a broader
context and provide a synthesized assessment of this herd’s abundance
and distribution (Table 1). We identified literature by reviewing the DU
caribou herd assessments and management plans, examining their
reference lists, and contacting researchers and authorities who may
know of other relevant research (COSEWIC, 2004, 2017¢; Environment
and Climate Change Canada, 2018; Species at Risk Committee, 2023).
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TABLE 1 Data sources for the synthesis on abundance and distribution.

Topic Data sources

Abundance | Campbell et al. (2021); Dumond and Lee (2013); Hanke et al.
(2021); Hanke and WMAC (NWT) (2023); Leclerc and Boulanger
(2018, 2020); Nishi and Gunn (2004); Tomaselli et al. (2018)

Distribution | Bates (2006); Campbell et al. (2021); Gunn et al. (1997); Hanke

et al. (2021); Hanke and WMAC (NWT) (2023); Leclerc and
Boulanger (2018, 2020); Thorpe et al. (2001); Tomaselli et al.
(2018)

Additionally, we searched Scopus and Web of Science to detect
additional studies that contained Traditional knowledge of abundance
or distribution. Our database search strategy was:

("Traditional knowledge" OR "local knowledge" OR "Traditional
ecological knowledge" OR "Inuit Qaujimajatuqangit’ OR "Inuit
knowledge" OR "local ecological knowledge" OR "citizen science")

AND ("caribou"” OR "Dolphin and Union caribou" OR "Tuktu" OR
"tuktuit” OR "reindeer" OR "Rangifer tarandus" OR "Rangifer")

AND ("Kugluktuk" OR "Coppermine"” OR "Cambridge Bay" OR
"Tkaluktuutiak" OR "Iqaluktuttiaq” OR "Ekaluktutiak" OR "Bay
Chimo" OR "Umingmaktok” OR "Bathurst Inlet" OR "Qingaut"
OR "Kingauk" OR "Gjoa Haven" OR "Ugsuqtuuq" OR "Victoria
Island" OR "Ki'liniq" OR "King William Island" OR "Qikiqtaq" OR
"Paulatuk” OR "Paulatuuq” OR "Kitikmeot" OR "Ulukhaktok" OR

"Holman")

We reviewed the titles and abstracts, retaining results that
included newly documented Traditional knowledge of caribou and
removing results that reported secondary data. Next, we reviewed the
full reports and retained results that specifically mention the DU
caribou herd or behaviour/descriptions that match the DU caribou
herd, focusing specifically on abundance and distribution.

2.4.1 Analysis

We digitized and extracted the abundance data from the various
literature sources to compile them within one graph. To standardize
the y-axis, we retained the relative abundance used in the Traditional
knowledge studies and converted the survey results to a percent of
40,000 animals, the peak abundance estimated in the management
plan (Environment and Climate Change Canada, 2018). The
Ekaluktutiak trend line is a cubic regression model (Tomaselli et al.,
2018), and the Kugluktuk trend line is a quadratic regression model
(this paper). The survey estimates (Nishi and Gunn, 2004; Dumond
and Lee, 2013; Leclerc and Boulanger, 2018, 2020; Campbell et al.,
2021) and Ulukhaktok decadal estimates [Hanke and WMAC
(NWT), 2023] are connected by straight lines. We retained the
smoothed confidence ban and the data points for the Traditional
knowledge trend lines and the confidence intervals for the
survey results.

Because previous results on the DU caribou herd suggested a close
link between the spatial and abundance data (Hanke et al., 2021),
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we created similar gradient hue bars used in the Kugluktuk interviews
to illustrate the relative distance of caribou from Ekaluktutiak and
Ulukhaktok. These gradient hue bars were based on the interview
quotes and participatory maps available from the study publications
[Tomaselli et al., 2018; Hanke and WMAC (NW'T), 2023]. We added
additional, numbered notes on DU caribou locations and distribution
changes from other available studies (Gunn et al., 1997; Thorpe et al.,
2001; Nishi and Gunn, 2004; Leclerc and Boulanger, 2018, 2020;
Tomaselli et al., 2018). For additional information on the synthesis
methods, see the Supplementary materials.

2.4.2 Review of synthesis

Each part of this synthesis underwent extensive review and
revision from the co-management partners. We presented these
results from 2018 to 2023 to the User-to-Users Working Group,
the Kugluktuk Angoniatit Association, the Ekaluktutiak Hunters
and Trappers Organization, the Olokhaktomiut Hunters and
Trappers Committee, the Governments of Nunavut and NWT, and
Environment and Climate Change Canada. We remained
cognizant to any sources of tension in the data, methods, and
overall research practices as we pieced together data and
considered feedback. This practice was similar to our dual coding
in objective 1, where any observed tensions indicated a need to
review differences in worldviews and ameliorate potential
ontological dominance in the analysis (Kutz and Tomaselli, 2019;
Wheeler et al., 2020).

3 Results

3.1 Creating a collective account of
Kugluktukmiut knowledge

Our study included 62 points of contact over four years with 33
harvesters (Table 2). We documented spatial use of the landscape,

TABLE 2 Knowledge keepers who participated at each research stage.

10.3389/fsufs.2023.1306521

stories about travelling and caribou, and thoughts around caribou
health and conservation (for study area, see Figure 1).

From the interviews, we conceptualized Inuit-described metrics
of caribou status that fell under three sub-themes: (1) Abundance
trends: “Fewer caribou to see... for the past, maybe 15, 20years,” (2)
Distribution trends: Caribou are further away and way behind, and
(3) Health trends: “We know the healthy caribous” We begin by
situating harvesters’ knowledge within “Knowing caribou through
harvesters,” present the “Inuit-described metrics of caribou status,”
and finish with “Conservation concerns and potential actions.”

3.1.1 Knowing caribou through harvesters

Through the interview process, harvesters frequently interjected
contextualizing information when speaking about, and mapping,
their personal experiences with DU caribou. We considered this
context for each harvester’s insights to understand caribou over time
and space, where observations on abundance, distribution, and
health were distinct among harvesters yet interconnected and
adaptive to changes. Kugluktukmiut knowledge of caribou often
differed alongside three key aspects of individual harvesting: family
history, harvesting methods, and conservation ethics. These
individualized aspects helped to identify which caribou (e.g., herd,
age, sex) and what part of their annual lifecycle was reflected in
harvesters’ accounts.

Responding to the question “What parts of the land do you know
really well?”, the harvesters collectively mapped 286,200 km? (from
approximately 1960 to 2020), including travel routes and general
harvesting areas (Figure 3A). They mapped 240,400 km? as the DU
caribou herd range (Figure 3B, Table 3), 33% of which was outside
their best-known areas. They also mapped 138,700 km? of land they
used to harvest DU caribou (Table 3, Figure 3C), 8% of which was
outside their best-known areas. The decadal maps of caribou range
and harvesting area are presented in Figures 4, 5.

Each harvesting area was used during prescribed seasons to match
the expected migratory behaviour and health status of the caribou.

Number of
Research stage Elder harvesters Harvesters DEN(S
harvesters
Individual interviews 15 Larry Adjun, Bobby Anavilok, Gerry Atatahak, Anonymous 1, Anonymous 2, Randy | September-October 2018
Stanley Carpenter, Joe Allen Evyagotailak, Roger Hinanik, Eric Hitkolok, Kevin
Hitkolok, John Kapakatoak, Allen Niptanatiak, Klengenberg, Sheldon Klengenberg
John Panioyak
Group interviews 16 Larry Adjun, Bobby Anavilok, Charlie Bolt, Jorgan | Anonymous 3, Anonymous 4, O] January 2019
Bolt, Stanley Carpenter, Joe Allen Evyagotailak, Bernhardt, Eric Hitkolok, Kevin
Roger Hitkolok, John Kapakatoak, Tommy Noberg | Klengenberg, Sheldon Klengenberg,
Wendy Klengenberg
Feedback sessions 25 Anonymous 5, Anonymous 6, Bobby Anavilok, Anonymous 3, OJ Bernhardt, Randy | January-February 2020
Gerry Atatahak, Ida Ayalik McWilliam, Charlie Hinanik, Dettrick Hokanak, Kevin
Bolt, Stanley Carpenter, Joe Allen Evyagotailak, Klengenberg, Perry Klengenberg,
Mike Hala, George Haniliak, Roger Hitkolok, Ida Sheldon Klengenberg, Wendy
Kapakatoak, John Kapakatoak, Allen Kudlak, Klengenberg, Billy McWilliam
Tommy Noberg, Agnes Panioyak
Feedback sessions 6 Bobby Anavilok, Stanley Carpenter, Joe Allen Anonymous 3, Kevin Klengenberg May 2022
(health) Evyagotailak, Roger Hitkolok
Total Number 33 20 13
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FIGURE 3

Mapping summaries. (A) Areas harvesters knew best (roughly 1960-2020), including travel and general harvesting ranges, placenames, and cabins.
(B) Harvester mapped range of the DU caribou herd from 1980 to 2020 and delineated by sea-ice and no sea-ice seasons. (C) Harvesting area for the
DU caribou herd from 1980 to 2020 and delineated by sea-ice and no sea-ice seasons. Colour gradient represents the percentage of overlapping
maps that identified an area, and straight lines indicate the season the areas were mapped.

TABLE 3 Caribou range and harvesting area, summarized by decade from
1980 to 2020, mapped by harvesters in 2018-2020.

Type InI:?Jal Total Area 'I%) ':)afl % Change
Caribou 1980-2020 247,200 km* 100 n/a
range and
harvesting
area
Caribou 1980-2020 240,400 km?* 100 n/a
range
1980-1989 122,800 km? 51 n/a
1990-1999 158,300 km? 66 29%
2000-2009 133,300 km* 55 —16%
2010-2020 156,200 km* 65 17%
Harvesting 1980-2020 138,700 km® 100 n/a
area
1980-1989 66,400 km? 48 n/a
1990-1999 64,500 km?* 47 —3%
2000-2009 77,600 km? 56 20%
2010-2020 93,700 km? 68 21%

The values reflect absolute areas and do not consider overlapping areas. % of Total indicates
the percent of the related 1980-2020 interval range (maximum) represented in the specific
year interval. % Change indicates the percent change in area from the previous year interval.

Knowledge keepers often harvested caribou in locations to which they
had family ties:

“[DU caribou] mean a lot. Thats... that’s the most herd I hunt for
my family... It means a lot of me because that’s where my family
originally started, on Victoria Island. So, theyve been hunting that
herd for as long as I can remember. And I try my hardest to ... get
there as much as I can, just to keep up the traditional stuff my dad
taught me. But my wife is also from Victoria Island and she’s lived
and hunted off that herd her whole life and she’, she really likes that
meat. She doesn’t like my caribou that come from the trees. She says

Frontiers in Sustainable Food Systems

it tastes like trees so ... yeah, we kind of depend on that herd a lot.
It means a lot to my family”—Harvester 1

As such, there were people who used camps at PIN3, Rymer Point,
and Read Island on southwestern Victoria Island (Figure 1), harvesting
caribou during late summer before rut (when bull caribou meat is
good) and during the fall migration to the coast (when calf-free cows
are healthiest). There were knowledge keepers who harvested
primarily on the mainland, including groups from Bernard Harbour
to Great Bear Lake and westward, groups around Kingauk and
Contwoyto Lake areas, and groups east of Kugluktuk to Tree River
(Figure 1). The groups harvesting on the mainland often caught DU
caribou in the winter before spring migration to Victoria Island,
targeting healthy cows or bulls, or following fall migration off the
island targeting healthy calf-free cows.

“We take our bulls in, August, September. When theyre at their
prime. You know, and then we leave them alone... and then we take
the females in winter. The one that don’t have no calves. Females.
First year that, never been under stress before! Never had a ... carry
the, fetus before. Those are the best tasting. And we know those. And
you can tell ... which ones, under stress and, you know, which ones
have calves, no calf, we can tell, you know. And that's where hunter

education comes in”—Late harvester Jorgen Bolt

Harvesters generally used snowmobiles in the snowy seasons and
all-terrain vehicles and/or boats in the non-snowy seasons. These
transportation types influenced the search intensity, how far harvesters
travelled, and how likely harvesters caught animals opportunistically
or after careful tracking and observation. Travelling by all-terrain
vehicles on Victoria Island restricted travelling distances, while
travelling by snowmobile on the mainland allowed far greater
travelling distances. When the caribou seemed to move further away
from the regular harvesting areas, mainland harvesters travelling by
snowmobile were able to follow the change in caribou distribution
with few issues compared to Victoria Island harvesters. Victoria Island
harvesters travelling by all-terrain vehicles, often based out of
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FIGURE 4

Range of the DU caribou herd per decade from 1980 to 2020, as reported by Kugluktukmiut in 2018-2020 and delimited by sea-ice and no sea-ice
seasons. Colour gradient represents the percentage of participatory maps identifying an area.
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long-used camps, cannot travel as far as snowmobiles during a round-
trip. This limitation hampered the harvesters’ flexibility to adapt to the
changing caribou distribution and restricted the time available to
carefully observe caribou before shooting them.

“You have to shoot whatever you see now, cause back in the haydays
when uh ... we were Read Island, wed just, right across the Bay,
youd just glance, “no”, “no”, “no”, “oh, yeah”, so ... You can’t do that
anymore. It’s get-they’re getting few and far in between. And like

what [he] said, you have to go travel pretty far nowadays, specially

by quad”—Harvester from Group 5

Annual variations in weather and climate change had impacted
the migratory behaviour of caribou and alignment with traditional
harvesting locations and seasons. While knowledge keepers expected
some deviations in caribou behaviour, there was concern about a
sustained shortening of sea-ice seasons, the timing of caribou
migrations, and resulting impacts on harvesters ability to
reach caribou.

Frontiers in Sustainable Food Systems

09

"The temperature, the... everything is a bit confused. [DU caribou],
they come down thinking it's time to go across, but by the time they
get down here [southwest coast of Victoria Island], there's no ice yet.
They go back inland, they come back to the shore, then they go back
inland"—Harvester 1

"We used to go mainland in July by dog team. Now in July, we're
boating. That's how much change it is now ... It's really different
now"—Elder Roger Hitkolok

An internalized conservation ethic also influenced the number of
caribou of which harvesters were knowledgeable. For some harvesters,
an assessment of herd status influenced the number of caribou
they harvested:

"When their numbers were higher and they were very healthy, [I'd
harvest] anywhere from 15 to 20 [DU caribou], no higher. Last year
was the first year I didn't shoot one. Since I've seen the number
going down steadily... I haven't harvested over 10 [DU caribou] in
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Harvesting area for the DU caribou herd per decade from 1980 to 2020, as reported by Kugluktukmiut in 2018—-2020 and delimited by sea-ice and no
sea-ice seasons. Colour gradient represents the percentage of participatory maps identifying an area.

the last 10 years... I've been avoiding hunting DU caribou ... I saw
them, but I didn't shoot them. Why? I was brought up by my
parents and my grandparents to manage and help sustain wildlife.
We were told that if you know that they've not in a healthy state,
don't harvest them ... because they'll come back ... so I also heed
and listen to those words and just abide by them"—Elder
Allen Niptanatiak

For other harvesters, their conservation ethic included only
harvesting cows who did not have calves, choosing adult animals over
calves or yearlings when their abundance is low, “mercy killings” for
animals who were suffering from injuries or illnesses, or harvesting
muskoxen or moose when there are few caribou.

3.1.2 Inuit-described metrics of caribou status

Harvesters detailed interrelated aspects of caribou ecology. They
explained that herd abundance was related to distribution, health
trends, and the environment: everything exists in cycles. The patterns
of caribou abundance, location, and health over time are compiled in
Figure 6.
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3.1.2.1 Abundance trends: “Fewer caribou to see... for the
past, maybe 15, 20 years”"—Elder John Kapakatoak

Harvesters spoke about general trends in DU caribou abundance
throughout their interviews (top bar in Figure 6). They said that after
the population crashed in the early 1900s, caribou were not around
until their return in the 1970s. Afterwards, abundance increased from
the 1970s into, at least, the 1990s. Harvesters observed different
beginnings to the decline in abundance (1995, 2005, or 2015),
seemingly influenced by where, when, and how long they had
been harvesting.

Proportional piling exercises on abundance had observations
beginning in 1965 (n=1 group), 1970 (n=1), and the rest beginning
between 1980 and 1990 (n=4) (first panel in Figure 6). The group with
the youngest harvesters chose not to do this proportional piling
exercise. Although there were some differences in the timing of the
abundance peak, all who completed the exercise agreed abundance
had declined substantially since they began harvesting animals from
the DU caribou herd until the time of the interviews. The compiled
trend line showed an abundance peak in the mid-to-late 1980s and
lowest abundance of approximately 40% of that peak in 2019 (first
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FIGURE 6
Ecological findings from Kugluktukmiut interviews showing changes in abundance, distance from community, and health concerns for the DU caribou
herd over time (years). The abundance trends from interview narratives are indicated at the top of the figure. The "decreased abundance” narrative is
split into three time periods representing different harvester-indicated starting points. The symbols on the graph represent abundance estimates
depicted by each interview group through the proportional piling exercises (six symbols for six groups). The trend line is a smoothed quadratic linear
model of the proportional piling data based on the harvester piled abundance estimates. The “distance from community” trend is from interview
narratives. Its symbology is based on a hue gradient of close to far away from Kugluktuk, where the darker the colour, the closer they are to the
community. The health concerns are placed along the timeline, where their lines indicate the range of time when harvesters first started seeing the
disease sign and the up and down arrows indicate changes in observed prevalence.

panel in Figure 6). Interviewee age was not significant in the model.
During feedback sessions, harvesters not originally involved in the
proportional piling exercises were hesitant to comment on the
percentages associated with the trends but agreed with the overall
trends. All harvesters who completed the proportional piling
described annual variations in abundance, explaining that abundance
fluctuates inter-annually even when there is a general increasing or
decreasing trend.

3.1.2.2 Distribution trends: caribou are further away and
way behind

When caribou were abundant in the past, harvesters recalled
them spread over land and not in discrete groups. As the abundance
declined, harvesters observed caribou in groups of 15-20 animals
approximately 1-5miles apart from other groups. Then, caribou
groups became progressively smaller and further apart. At the time
of the interviews, harvesters said caribou groups varied in size,
sometimes in the hundreds, but more often fewer than 10 animals.

Harvesters did not expect to see caribou in the same locations
every year. However, they described and mapped a gradual,
substantial, and directional (eastward) shift in DU caribou locations,
and subsequent harvesting ranges, over the past 40 years (Figures 4, 5,
second panel in Figure 6). In the 1980s and early 1990s, on the
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mainland, harvesters found caribou both west and east of Kugluktuk
during the winter and summer. During the late 1990s and early 2000s,
people only found caribou east of Kugluktuk towards Tree River
(Figure 1). During this time on Victoria Island, harvesters found
caribou further north and east from their camps (further inland). In
the late 2000s and early 2010s, harvesters continued to find caribou
further east from Kugluktuk on the mainland, between Tree River and
Grays Bay. On Victoria Island, harvesters had to travel even further
north and east (further inland) and later in the summer to catch
caribou. By the late 2010s, mainland harvesters said caribou were at
Grays Bay, Wenzel River, and Bathurst Inlet, and Victoria Island
harvesters were having less success during their summer
harvesting trips.

“We used to just ... go 40 miles in the ‘80s, ‘90s and get some. Now
we gotta go ... 120 plus miles [to Grays Bay and Wenzel River in
winter] ... One way, yep. Thats where everybody goes, anyway. And
that’s quite a ways... Yeah. We used to just go ... 40 miles over there,
east. Not anymore... There’s to-wed never even reach Tree River to
get caribou ... now we gotta go way past it. We would get a few west
of here. Uh ... Island caribou, yeah. *pause* Used to be... quite a
few too that, west but ... no more. Nobody goes over there anymore.
Everybody’s always... east”—Elder Stanley Carpenter
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Harvesters described caribou migrating further south and north
at the time of the interviews (2018-2020) than in the past. They also
thought changes in the formation of sea-ice had resulted in the DU
caribou herd shifting their range further east because eastern passages
froze earlier than western ones. Harvesters said that sea-ice was
thawing before all caribou migrated north to Victoria Island in the
spring, leaving some caribou on the mainland for the summer. Several
people explained it was normal for some caribou to stay on the
mainland, and it had happened occasionally in the past. Others said
this change in summer location seemed to happen more frequently
today because caribou are migrating further south, taking them longer
to return to the mainland shore in the spring.

“Year 2011, I was working for MMG, doing environment uh
ungulate survey? We're surveying all the animals that’s in that route
that they’re making. And up here too. And ... June, when the ice
breaks up? You could see a lot of caribou along the shore along here,
between Tree River and Grays Bay. That never made it. So, they’re
staying here all summer. [...] The ones that never made it. After,
after ice break up? Sometimes they can’t make it across because of
the open water all, that’s already formed? So, they'e sitting here,
along the coast”—Harvester 4

3.1.2.3 Health trends: “We know the healthy caribous”—
Elder Joe Allen Evyagotailak

Harvesters noted their limitations in observing signs of disease,
foremost because they actively looked for healthy animals and not
diseased animals. When selecting individual animals to harvest, they
would look for animals in groups and said it is odd to find caribou who
are alone. People would watch the caribou for external signs of sickness,
i.e., poor hair condition, abnormal gait, or visible injuries. After catching
a caribou, harvesters would look closer at the body for lumps and at the
hooves. They would gut and skin the animal and check that everything
inside is slick and “not stuck together” (Elder Bobby Anavilok). Finally,
they would assess fat, colour of the meat, and bone marrow condition to
see if anything seemed abnormal. Some Elders said antler size is
important to evaluate for choosing older, dry cows who do not breed
anymore (very large antlers) and to reduce the risk of harvesting sick
animals (small antlers for body size or otherwise abnormal antlers).

Harvesters learned what is normal to find in caribou from their
parents and Elders. They emphasized that if they see anything
abnormal in the caribou, they are very cautious to protect their
family’s health:

"Yeah, there's always that concern [for my safety when butchering],

for sure... I never want to catch any sick animal and get the sickness
myself, particularly... or more importantly, I never want my kids or
any of my family to get sick from animals that I go out and catch
myself."—Harvester 2

Harvesters would ask a respected Elder or the wildlife officers
from the Government of Nunavut for advice when they detected
unfamiliar abnormalities. People described some ways of dealing with
common abnormalities: remove white cysts in muscle, but if there are
more than a few in each cut of meat, the harvester may leave the
carcass on the land; cut off legs with swollen joints and leave them on
the land, butcher the remaining carcass, package it separately from
other catches, and mark “cook well”

Frontiers in Sustainable Food Systems

10.3389/fsufs.2023.1306521

“Some caribous would have uh, puss on their joints or in between
their skins... And uh, meat. And those are the ones we have to
be careful with ... we dont even know what that causes it and
we don’t wanna try ‘n fin-find out through eating them. We-we
would leave them because our Elders always say, If you think that
caribou is sick, don’t bother eating it ... because it may take your
—Elder Joe Allen Evyagotailak

>

life... or your family

Some Elders thought less experienced harvesters do not
understand some of the normal things to see in caribou, like the
common nose bot and Taenia cysts, or yellowing and bubbles. They
said the less experienced harvesters may unnecessarily discard a
caribou carcass with these types of appearances.

“The other day, they get the caribou and says, he said ‘it’s a bad
caribou’. I said ‘let me take a look ... this is not a bad caribou at all’
He looked at me and said ‘look at it, it’s yellow. Yeah when they run
around they get kind of bubbly some-some places. You know, it’s like
where the muscles are... they get starts-they start to get bubbly a
little bit. He said ‘kind of yellow a little bit’. I said ‘that’s nothing.
Look at the fat. It’s really fat, it’s healthy’ He said ‘oh, okay”—Elder
Roger Hitkolok

Despite these limitations, knowledge keepers detailed various
abnormalities and health concerns for the DU caribou herd and
how these may have changed over the time of their harvesting
experience (Tables 4-6, fourth panel in Figure 6). Observations
included caribou with swollen front leg joints, white cysts in the
muscle, a sandpaper feeling when skinning, white cysts on the liver,

TABLE 4 Harvester reports on observed health concerns in the Dolphin
and Union caribou herd when the health concern was first noticed and
the possible etiology.

First noticed

Health concern Possible etiology

Parasites

Mosquitoes (kitturiat) Always Culicidae spp.
Warble larvae (kumak) Always Hypoderma spp.
Nose bot larvae (tagiuq) = Always Cephenemyia spp.
White muscle cysts Always; started late Taenia cf. krabbei.

1980s, 1990s, 2000, or
2010s

White, surface liver cysts =~ Started 1980s; or late Taenia hydatigena

1990s-2000s

Syndromes
Hair loss on nose Always Besnoitia tarandi
Hair loss on neck Always Solenopotes tarandi

Sandpaper-like feeling Always; started 1990 Besnoitia tarandi

Swollen leg joints Started 1980s-2000 Brucella spp.;
Erysipelothrix
rhusiopathiae; Chlamydia
spp.; Mycoplasma spp.;

Injuries

Overgrown hooves Always Injuries; trace mineral

imbalances

Observations often differed within groups because individuals harvested in different seasons
and in different locations.
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TABLE 5 Harvester reports on prevalence and trends of observed health concerns in the Dolphin and Union caribou herd.

Health concern

Parasites

Proportion affected and trends

Trends in severity

Mosquitoes (kitturiat)

Constant 100%.

Intensity increased 50-80% since 2000s. Higher intensity on
mainland versus Victoria Island. Increase attributed to higher
temperatures, increased rain, and longer summers. One Elder said

there are fewer mosquitoes when it is too hot.

Warble larvae (kumak)

Constant 85-100%.

Some said 2-5% or 50% increase since the past, varies over time, or
has not changed. One group said that five to six warble larvae is

considered a very light infection.

Nose bot larvae (tagiuq)

Once in a while, few, 5-20, 20, 50% or 100%.

Some said it varies over time, has not changed, less over time, or did

not know.

White muscle cysts

Piled at 5-20% in general, and younger group indicated 80% on the

mainland and 5% at Victoria Island.

Some said they saw a few white spots per animal to a few white spots

in each cut of muscle.

White, surface liver cysts

Once in a while. Variable reporting: more or less common today. Some

groups said this is more commonly found in Bluenose East caribou.

If seen, there are only a couple or a few (around 7) spots on the

livers.

Syndromes

Hair loss on nose

caribou.

Consistently rare. Some groups had only seen this in Bluenose East

One group also saw hair loss around the eyes.

Hair loss on neck Rare to 25%. Only reported by Elders.

Varying intensity.

Sandpaper-like feeling

infection frequency at 90-100% on the mainland.

from the past; or did not know.

Older groups saw this once in a while, but younger groups piled

Increased since 2014; has not changed from the past; or has decreased

Found on the skin of the legs, abdomen, and sometimes the

hindquarters. Not seen in DU caribou eyes.

Swollen leg joints

Once in a while, 1-20%. Peaked in the 2000s and fewer instances today.

One group said the swelling seems larger today than in the past (but

other groups disagreed).

Overgrown hooves

increased since 2015.

Once in a while. Variable reporting on changes: has not changed or has

No comment.

Observations often differed within groups because individuals harvested in different seasons and in different locations. The proportion affected and trends were variably measured with
proportional piling or indicated through conversation, but harvester preference was through conversation.

and a concerning increase in mosquito abundance. There were
variations in when harvesters first started seeing/noting something
as abnormal or a health concern. While these variations seemed
related to harvesters’ family history, harvesting methods, and
conservation ethics, there was not enough information captured in
the interviews to determine location-based health trends as done
with the abundance trends. Elder Allen Niptanatiak spoke about a
connection between caribou health and their population cycles,
where ‘caribou were healthier before there were more.” He explained
that disease spreads as the herd approaches their peak abundance,
and it contributes to the stressors causing abundance to decrease.
Elder Allen Niptanatiak’s observation corresponds with panel 3 in
Figure 6, where some harvesters reported seeing signs of disease
before observing declines in abundance.

3.1.3 Conservation concerns and potential
actions: “Wolves and grizzly bears anywhere
you go.”

Harvesters’ spoke of various conservation concerns for the DU
caribou herd, often including their reason for concern and some
suggestions to address the concern. The impact of predators was
among the top concerns by the knowledge keepers. Harvesters
explained that, normally, wolves, grizzly bears, and wolverines
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eliminate sick and slow caribou from the population and that wolf
quantity depended on caribou quantity. However, they said that there
were fewer people harvesting predators today than in the past because
it requires extensive time, resources (e.g., gas, food, equipment,
repairs), and expert knowledge (e.g., safety, technical) and the
resulting compensation (e.g., sale of fur, sample submission) rarely
justified the financial and resource investment required. Related to
the competing wage income, one harvester said:

"When my dad and his buddies were trapping, that was all they
did... it was hard-core... you know, they'd come home, 10, 15
wolves... it meant piles of fur... and they would shoot bears... [they]
kept it quite under control. In the last 20 years, nobody traps like
that anymore. Nobody hunts wolves like that anymore. You have to
work. Everybody's gotta work now."—Harvester 1

Knowledge keepers were concerned that declines in predator
harvesting (hunting and trapping) could negatively affect the natural
caribou population cycle by creating an imbalanced predator pressure
on caribou (Table 7). Harvesters also noted that grizzly bears and
wolverines have expanded their range northward to include Victoria
Island. They were worried that this predator range expansion has also
contributed to higher relative abundance of grizzly bears and
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TABLE 6 Epidemiological observations by harvesters on the appearance, seasonality, ecology, and impacts of parasites and disease syndromes in the
Dolphin and Union caribou herd.

Health concern Harvester comments

Parasites

Mosquitoes (kitturiat) Previously observed from June to September, now seen from April/late May to late September/October.

Warble larvae (kumak) Observed in the spring (March-June). One person said you can see these in December-January, but they are tiny. Some said younger animal are
infected worse than older animals, or bulls are infected worse than cows, or there are no differences between bulls and cows. The larvae were a

source of food in the old days.

Nose bot larvae (tagiuq) Observed in the spring (April) or summer (June-August). The larvae were a source of food in the old days.

White muscle cysts Associated this with discoloured meat. Some people said the meat looks lighter in colour or is dark yellow/green. However, some people thought

colour change is related to an injury.

White, surface liver cysts | Found typically in younger or older animals that are otherwise healthy. If young animals are infected, they will get more cysts as adults. Not all

groups had seen this.

Syndromes

Hair loss on nose Observed during spring-summer months, particular ones that are hotter and have more insects/mosquitoes than normal. Thought to be caused

by insects or caribou rubbing their skin against something (like sharp ice). Not all groups had seen this.

Hair loss on neck Observed in spring (March-April). Some said it was worse in younger bulls than older animals or worse in middle-aged animals. Thought to

be caused by insects or caribou rubbing their skin on something (like sharp ice). Not all groups had seen this.

Sandpaper-like feeling Observed mostly during the spring (April) harvest on the mainland and in skinny animals, mostly bulls. Also observed in the fall. Some groups

said they saw this in animals with pale livers. One Elder group said that when this progresses, it will cause the animal to lose hair.

Swollen leg joints Observed in skinny bulls. Associated with abnormal antlers and limping animals with abnormal/overgrown hooves. Not all groups had seen this.

Overgrown hooves Observed in bulls and cows. Seen to hinder movement. Some harvesters connected this to injuries, swollen leg joints, or diet. Not all groups had

seen this.

Observations often differed within groups because individuals harvested in different seasons and in different locations.

TABLE 7 Harvesters’ conservation concerns for the Dolphin and Union caribou herd, including the reason and their suggestions to address the concern.

Reason for harvester concern

Harvester concerns

Harvesting Barriers between youth and Elders that impede learning, including conflict between

harvesting and employment as well as language differences.

L.L Predators Increased numbers of grizzly bears, wolves, and wolverines over time on the mainland and Victoria Island. This was linked to
predator harvesting not being as common nor practiced the same today versus the past.

1.2. DU caribou subsistence Poor meat management, poor sharing practices, and inexperienced harvesters having a negative impact on caribou numbers.

1.3. DU caribou outfitted hunts Undue pressures on important breeding male caribou.
Variable concern because outfitted hunts are seen as a good job and uncertainty about the impact this has at a herd-level.

2. Climate changes Changes in rain, wind, temperature, moisture, vegetation, sun, and timing of seasonal changes.

2.1. Rain-on-snow Forms a layer of ice over the vegetation, making it difficult for the DU caribou herd to access high-quality food.

2.2. Thin sea-ice Observations of DU caribou drowning and their migration path changing, linked to seasonal freezing and melting of sea-ice.

2.3. Insects Increased levels of insect harassment that prevent caribou from eating and resting.

3. Exploration and development | Including municipal disturbance, natural resource exploration, and anthropogenic development

3.1 Noise pollution Increased over time: more helicopters, planes, and snowmobiles.

3.2. Habitat loss Potential mining, roads, and port developments that would use important habitat for the DU caribou herd.

3.3. Grays Bay road project Variable concerns against and for the project that were out of the scope of this research.

Categories are ordered by relative importance as indicated by the harvesters.

wolverines within the DU caribou herd distribution today compared
to the past.

Additionally, knowledge keepers were concerned that less
experienced harvesters were missing the knowledge needed to follow
proper conservation practices, and this influenced the form and depth
of their interactions with caribou (Table 7). The missing knowledge
manifested in poorer meat management (e.g., spoiling meat, feeding
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caribou meat to dogs, not knowing what meat is safe to consume),
harvesting practices (e.g., harvesting the wrong animal for the season,
approaching animals directly and not at an angle), and how they
shared their catches (e.g., selling rather than gifting). For example,
some less experienced people may discard meat when common and
harmless parasites, such as the common nose bot, Cephenemyia spp.,
is present:
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“Some youngster cooks like uh, housewives... they cook heads...
they try to cook heads, but cut it up, they see this kind [nose bots]
in them, in their mouth, they throw ‘em in the garbage *chuckles*
They throw them out ... throw the whole head out! *chuckles* They
just dont like to see those kind, 1 guess..”—Late Elder

Tommy Noberg

As a potential solution, harvesters suggested it would be useful
to have education programs on caribou harvesting that would
connect harvesters who want to learn with experienced harvesters
who want to teach. Topics should include selecting appropriate
animals (type and species) related to season and population
statuses, safe butchering and carcass handling practices, recognizing
what is safe to eat, etiquette around sharing, harvest quantity, as
well as general camping skills (e.g., collecting safe drinking water
and travelling safely on land, water, and ice). Harvesters said these
programs should include support and/or coordination by/between
the Kugluktuk Angoniatit Association and Government of Nunavut.
Further, they emphasized the importance of including hands-on
learning activities (e.g., on-the-land camps).

“I mean ... if a young hunter doesn’t know about, normal antlers?
In the wintertime? If you can't tell the difference between a, a, a bull
and a ... a cow? With no more antlers in it, you know, he might
shoot the bull that been the breeder for, how long or whatever,
you know? And he had good strong genes... you know, so they might
shoot the, shoot the one that, you know ... handing out his strong
genes. That that hunter couldn’t tell the difference between a bull
and a ... and a female or whatever, you know? ‘Cause, I mean, I can
tell you who I think they are, you know?”—Late harvester
Jorgen Bolt

3.2 Synthesis of disparate data sources on
the DU caribou herd

In the data synthesis, it became apparent that the different sources
of knowledge were connected to specific areas of observation and
methods. Thus, each study was connected to a particular seasonal and
spatial context that aligned with a particular aspect of caribou ecology.
Kugluktuk knowledge was connected to their caribou harvesting by
boat and all-terrain vehicle during the late summer on Victoria Island
(before rut) and on the mainland by snowmobile in the spring (before
migration) and fall (after migration) (Dumond, 2007; Hanke et al.,
2021). Ekaluktutiak knowledge matched with their caribou harvesting
by snowmobile on Victoria Island and mainland in the spring (after
migration), by snowmobile on Victoria Island in the fall (before
migration), and sometimes by quad on Victoria Island in the summer
(Bates, 2006; Environment and Climate Change Canada, 2018; Hanke
et al,, 2021). Population surveys were completed by plane along the
southern coast of Victoria Island while the caribou aggregate during
their fall rut (Nishi and Gunn, 2004; Dumond and Lee, 2013; Leclerc
and Boulanger, 2018, 2020; Campbell et al., 2021). The context for
each knowledge source functions similar to results from the
interviews, that harvesters know caribou through their experience and
personal background, and was needed to interpret the data and make
connections for the synthesis.
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The synthesized abundance data display a general abundance
increase until around the 1990s and decrease after around the 2000s
(Figure 7). The Traditional knowledge trends showed different peaks
for Kugluktuk (approximately mid-to-late 1980s), Ekaluktutiak
(approximately 1990 to mid-2000s), and Ulukhaktok (approximately
1990s), and all communities observed the most caribou when caribou
were closest [this paper; Tomaselli et al., 2018; Hanke et al., 2021;
Hanke and WMAC (NWT), 2023]. The synthesis of abundance and
spatial data indicates that Kugluktuk (this paper; Hanke et al., 2021)
and Ulukhaktok [Hanke and WMAC (NW'T), 2023] saw an eastern
shift in caribou distribution while Ekaluktutiak (Tomaselli et al., 2018;
Hanke et al., 2021) and population censuses (Nishi and Gunn, 2004;
Leclerc and Boulanger, 2018, 2020) described a western shift in the
eastern edge of the caribou distribution (Figure 8). The numbered
notes with spatial observations from other studies support these same
shifts in distribution (Gunn et al., 1997; Thorpe et al., 2001; Nishi and
Gunn, 2004; Leclerc and Boulanger, 2018, 2020; Tomaselli et al., 2018).
The concurrent distribution shifts suggest that the caribou distribution
contracted alongside the abundance decline after approximately
the 2000s.

4 Discussion

In 1976, the Government of Canada ratified the International
Covenant on Economic, Social, and Cultural Rights (United Nations
General Assembly, 1999). This treaty affirms the right to adequate
food as a fundamental human right, including “sufficient quantity and
quality to satisfy dietary needs, free from adverse substances, and
acceptable within a given culture” (United Nations Economic and
Social Council, 1999). In 2015, the Inuit Circumpolar Council Alaska
(2015) developed a conceptual model of Inuit food sovereignty that
defines food security as environmental health determined through
availability, stability, accessibility, health and wellness, Inuit culture,
and decision-making power and management. These aspects of
environmental health are supported by policy, knowledge sources, and
co-management, held together by Sila (i.e., the spirit of everything),
and uplifted by food sovereignty (Inuit Circumpolar Council Alaska,
2015). Within this context of Inuit food sovereignty, we discuss how
our results contribute to each dimension of environmental health and
the tools available to support their stability.

4.1 Dimensions of environmental health

Availability, stability, and accessibility are reflected in the main
ecological findings of this study. The knowledge keepers’ reports on
caribou abundance and if the caribou are around for harvesting
comments on caribou availability (e.g., a biodiverse ecosystem).
Seasonality is a big component of availability - for caribou, this may
relate to their migratory, rut, and calving cycles. Caribou stability (e.g.,
the ability to adjust to shifts within the ecosystem) is then shown
through their changing abundance, distribution, diseases, and
predation. For Inuit, availability may relate to their seasonal
harvesting, e.g., Kugluktukmiut harvest char in early summer
(Falardeau et al,, 2022), DU caribou in late summer/early fall on
Victoria Island, DU caribou in late fall on the mainland (this paper),
muskoxen in the winter (Di Francesco et al., 2021), and so on. Inuit
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FIGURE 7
Digitized and extracted abundance data on the DU caribou herd. The top panel are relative data from Kugluktuk, including the proportional piled data
and trend line from this paper and a report of a lot of DU caribou from Hanke et al. (2021). The middle panel are relative data from Ekaluktutiak,
including the proportional piled data and trend line from Tomaselli et al. (2018) and a report of a lot of DU caribou from Hanke et al. (2021). The bottom
panel are relative data from Ulukhaktok [Hanke and WMAC (NWT), 2023] and the survey abundance estimates from 1997 (Nishi and Gunn, 2004), 2007
(Dumond and Lee, 2013), 2015 (Leclerc and Boulanger, 2018), 2018 (Leclerc and Boulanger, 2020), and 2020 (Campbell et al., 2021).

adapt to these seasonal changes in availability by adjusting their
harvesting locations, timing, and species, thus connecting Inuit
availability to stability. The resulting ability of people to access caribou
is an aspect of harvesters’ accessibility (e.g., the ability to live off the
land), compounded by migratory caribou behaviour, shifting caribou
range, climate change (e.g., reduced sea-ice season), and harvester
resources (e.g., transportation, seasonal camps). In conjunction, the
declining DU caribou abundance, reduced range, increased disease,
and looming predation are all related to the caribou’s availability and
accessibility. Availability, stability, and accessibility aspects of
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environmental health are particularly hard to discuss in isolation.
Gagnon et al. (2023) had a similar conclusion, finding that Inuit ability
to meet their needs in caribou was influenced by complex relationships
among environmental conditions, trends in caribou demography, and
cultural traditions: e.g. they found that caribou being close to
community did not impact caribou availability if there wasn’'t snow
suitable for travel. Additionally, our results showed that economic
conditions can and do limit harvester accessibility to caribou: e.g.
competing harvest versus wage jobs or needing gas money for travel.
Managing the DU caribou herd under the Inuit food sovereignty
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framework means that availability, stability, and accessibility of
caribou must be understood through harvester accessibility.

Health and wellness components of environmental health are
reflected in the harvesters’ reports on caribou diseases. These reports
are followed by the consequential impacts on human health if the
diseases can be passed to people (zoonoses) and the mental strain of
discarding carcasses or worrying about their family’s safety. Knowledge
keepers described several disease syndromes and concerns about
diseases with respect to impacts on food safety (transmission of
disease from country foods to people), mental strain (conflicts in
harvesting and meat handling practices) and food availability (impacts
on caribou population dynamics).

Harvesters from Kugluktuk (this paper; Hanke et al., 2021)
reported observations of swollen front leg joints starting in 1980s, a
description consistent with Brucella suis biovar 4. Similar observations
in the DU caribou herd were reported by Ekaluktutiak harvesters
(Tomaselli et al., 2018; Hanke et al., 2021). Brucella is a zoonotic
bacterium (Aguilar et al., 2022), thus its apparent increase in the DU
caribou herd represents a risk to food safety. On the other hand, the
presence of harmless nose bot larvae or non-zoonotic Taenia
(tapeworm) cysts in caribou carcasses can give the meat a displeasing
appearance, and, in some cases, would lead harvesters to discard the
meat. While harvesters are taught to never take risks when it comes to
food safety, these larvae do not pose a risk to human health and
discarding of meat in this case raised concern among Elders with
respect to the knowledge base of less experienced hunters. Calls from

knowledge keepers to improve/increase hands-on learning
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opportunities for harvesters are not unique to this work (e.g., [nuit
Circumpolar Council Alaska, 2015, 2020; Mearns, 2017; McGrath,
2019), but, indeed, educational programs could help less experienced
harvesters avoid unnecessary discard and ease the mental strain on
more experienced harvesters who are faced with this conflict.
Increasing opportunities to train harvesters connects the health and
wellness dimension to the Inuit culture dimension of environmental
health by contributing to the education system and the passage of
knowledge, thus could support the stability of both dimensions (Inuit
Circumpolar Council Alaska, 2015).

Harvesters also recognized the potential impact of diseases on
caribou populations, and thus food availability. Two diseases that
knowledge keepers identified as increasing near the population peak
and decline, brucellosis and besnoitiosis, can have detrimental effects
in caribou. Brucella suis biovar 4 can cause reproductive impairment,
reduced mobility, and reduced survival, and has been documented
during some caribou herd declines (Ferguson, 1997; Carlsson et al.,
2018; Aguilar et al., 2022). A subset of 82 DU caribou tested in 1991
were negative for this bacterium, but more serological surveys (16.3%
from 2015 to 2021) and observations by harvesters in Kugluktuk and
Ekaluktutiak indicate that it is now present in the herd at a relatively
high prevalence (this paper; Gunn et al., 1991; Tomaselli, 2018; Hanke
et al., 2021; Fernandez Aguilar et al., 2023). Similarly, Besnoitia
tarandi, a protozoan parasite, is present and increasing in the DU
caribou herd, as evidenced by results from sample analyzes (7% of DU
caribou sampled in 1987-1990; 41.0% of caribou sampled between
2016-2019) and harvester reports of a sandpaper-like feeling in
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Kugluktuk (starting in 1990s) and Ekaluktutiak (starting in 1980s—
1990s with a stable or increasing rate between 1990 and 2000) (this
paper; Gunn et al.,, 1991; Tomaselli et al., 2018; Hanke et al., 2021;
Fernandez Aguilar et al., 2023). This parasite was implicated in
reduced mobility, reduced survival, and reproductive impairment
when it emerged in the Leaf River migratory woodland caribou herd
(R. t. caribou) of Quebec, Canada (Ducrocq et al.,, 2013; Taillon et al.,
2016). Prevalence increased from 30% of caribou sampled in 2007 to
more than 80% of caribou sampled in 2011, and the herd subsequently
declined from 600,000 caribou in 2001 to 199,000 in 2016 (Ducrocq
etal, 2013; Taillon et al., 2016; COSEWIC, 2017b). While the roles of
Besnoitia and Brucella in caribou population dynamics are not fully
understood, the clear impacts on individuals and the association
between their emergence and population declines warrant
further consideration.

The cultural component of food sovereignty was reflected in
harvesters’ detailed explanations of place-based context and
understanding the world within their personal experience and
background (e.g., harvesting to learn to be within and part of their
environments). Their astute reflections of caribou emplaced within
their own areas of observation and experience demonstrates how their
Traditional knowledge is located within their understanding of
themselves as apart and within their ecosystems. Country foods, and
the harvesting, gathering, and preparation of, is a pedagogy - that is
how Inuit learn cultural values, skills, spirituality, and to be apart and
within their ecosystems (Collignon, 2006; Inuit Circumpolar Council
Alaska, 2015; McGrath, 2019). Similar to the harvester variability
within Kugluktuk, the data synthesis showed how communities,
researchers, and biologists interact with (i.e., access) caribou at
different times of the year and different parts of their range resulted in
apparently contrasting information. Closer analysis found that all
communities observed the most DU caribou when the DU caribou
herd was closest. This finding broadens the support of an
interconnection of knowledge and location as the knowledge is
created and passed down within and as a part of the ecosystems
(consistent with findings from Martinez-Levasseur et al., 2017;
Gagnon et al., 2023). As a result, we saw variability in the reports
around caribou availability, caribou accessibility, and harvester
accessibility. The articulation of these nuances can help non-Inuit
understand their Traditional knowledge and, additionally, help centre
Traditional knowledge in decision-making.

Finally, this paper’s Inuit-described metrics of caribou status and
synthesis of different information sources creates avenues and
examples of how Indigenous knowledge can be centred in decision-
making power and management (e.g., using Indigenous knowledge in
collaboration with other knowledge systems). Monitoring wildlife is
an important conservation strategy used to detect changes in the
environmental health and the resulting availability, stability, and
accessibility of wildlife (Inuit Circumpolar Council Alaska, 2015;
Ostertag et al., 2018; Peacock et al., 2020). Changes may be assessed
by indicator (e.g., abundance, distribution) and evaluated according
to their metrics (e.g., aerial survey estimates, Indigenous knowledge
relative abundance counts) (Peacock et al., 2020). Recent Inuit-led
strategies emphasize the importance of relying on Inuit-described
indicators for solution-and Inuit-driven actions (Inuit Tapiriit
2018; 2020;
Qanuippitaa, 2021). Researchers have responded to these calls; e.g.,

Kanatami, Inuit Circumpolar Council Alaska,

beluga health indicators, such as body condition, illness, and disease
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were developed and informed by Indigenous and Western knowledge
(Fisheries Joint Management Committee, 2013; Ostertag et al., 2018).
Similarly, Fox et al. (2020) co-produced environmental indicators by
synthesizing information from weather stations, interviews, and
discussions (Fox et al., 2020).

The Inuit-described metrics of this paper provide measures for the
indicators of abundance, distribution, and health. Triangulating these
sources of knowledge with others can strengthen our confidence with
respect to the status of the indicator: e.g. the aerial population censuses
and Traditional knowledge relative abundance data both indicated a
decline in abundance since around the 2000s (Figure 7); the
Traditional knowledge on signs of brucellosis and besnoitiosis
suggested emergence of these two pathogens in the population,
observations that were further supported by lab analyses of tissues
from caribou harvested through a community-based caribou health
surveillance program (Fernandez Aguilar et al., 2023). These Inuit-
described metrics provide a framework that can be used to guide data
collection and Traditional knowledge documentation. Alone, or
combined with other information, these Inuit-described metrics
provide wildlife managers with insights into caribou population status
and trends. These metrics also provide specific examples to
management and public health partners of how Indigenous knowledge
can guide continued wildlife monitoring, and, thus, management
decisions to support the longevity of wildlife populations (food
security) (Zimmermann et al., 2023).

4.2 Tools to support environmental health

Policy, co-management, and knowledge sources are three tools
used to support environmental health, and thus food security (Inuit
Circumpolar Council Alaska, 2015). The results of our synthesis can
be incorporated into existing wildlife management frameworks, like
those defined in the management plan for the DU caribou herd. This
policy guides the conservation of the DU caribou herd and outlines
sets of management strategies for different population levels
(Environment and Climate Change Canada, 2018). The population
levels are spilt into low population (< 8,000 or 20% of peak abundance),
increasing or decreasing population (8,000-24,000 or 20%-60%), and
high population (> 24,000 or 60%) based on the report’s assumption
that the peak caribou abundance was 40,000 (a.k.a. 100% of
abundance) (Environment and Climate Change Canada, 2018). The
synthesized abundance data presented in this study, which includes
both quantitative (population censuses) and qualitative (% of
maximum) data, can be superimposed over the management
categories to help guide evidence-informed decisions regarding
management strategies.

Knowledge keepers also described a geographic range for the DU
caribou herd that is greater than that represented on the official range
map (Figure 9) (Environment and Climate Change Canada, 2018);
this new knowledge source can, and should, be used to update the
range maps for this herd. Caribou herds with restricted distributions
are of higher conservation risk (Lucas et al., 2019) and at risk of higher
cortisol levels (Ewacha et al., 2017), restricted genetic flow (Thompson
etal, 2019), reduced resilience to predation (Lesmerises et al., 2019),
and higher susceptibility to rain-on-snow events (Macias-Fauria and
Post, 2018). A range map that reflects the deep historic knowledge
shared by knowledge keepers in this study is important to ensure that

frontiersin.org


https://doi.org/10.3389/fsufs.2023.1306521
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Hanke et al. 10.3389/fsufs.2023.1306521
Ulukhaktok . :
! Victoria
Kugluktuk
Kilometres
FIGURE 9
The DU caribou herd range (Environment and Climate Change Canada, 2018) with added hatched areas used by the DU caribou herd based on
interviews in Kugluktuk (this paper; Hanke et al., 2021) and Ulukhaktok [Hanke and WMAC (NWT), 2023].

habitat protection extends across the entire land and water needed by
the DU caribou herd throughout their annual and decadal population
cycles. Encouragingly, the Species at Risk Committee (NW'T) (2023)
recently expanded their range map to reflect Traditional knowledge
from Ulukhaktok (from Kuptana, 2022 as cited in Species at Risk
Committee, 2023) and Kugluktuk (this paper).

In relation to wildlife co-management, information must
be accessible to decision-makers in order for them to incorporate it
into their decisions (Inuit Circumpolar Council Alaska, 2020).
We shared these observations of changing caribou behaviour and
distribution throughout our numerous presentations with the
co-management partners. These results, alongside many important
member contributions, led to the Government of Nunavut modifying
the most recent survey to include a larger area so they could see
whether the survey area is representative of the herd (Campbell et al,,
2021). The results between the 2018 and 2020 surveys did not differ
significantly, but they found caribou in locations where results were
previously only extrapolated (Victoria Island) or not included (Kent
Peninsula) (Campbell et al., 2021). The collaborative process of
redesigning the survey seemed to have improved relationships among
co-management partners and increased community’s confidence in
the survey results (Campbell et al., 2021). Additionally, Canadian
Coast Guard’s (2020) Notice to Mariners adjusted their reccommended
shipping practices and reporting requirements to protect the sea-ice
needed for travel by the DU caribou herd and harvesters (this paper;
Hanke et al., 2021). This decision adopted Traditional knowledge to
regulations used at the federal level to protect the migration paths of
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caribou and the livelihood of harvesters. These results were considered
in the Nunavut Wildlife Management Board’s decision to support a
Total Allowable Harvest (Nunavut Wildlife Management Board, 2020,
2022a) and the federal uplisting to Endangered (Nunavut Wildlife
Management Board, 2022b) as well as the NWT Species at Risk
Committee’s (2023) reassessment of the DU caribou herd as
Endangered. These trio of decisions were based on the best available
information generated from both Traditional and Western knowledges
- connecting the tools of co-management and knowledge sources.
Going further into knowledge systems, the Species at Risk
Committee in NWT recently restructured their process for assessing
species-at-risk to allow for the “meaningful consideration of both
Indigenous and scientific knowledge” (Singer et al., 2023, p. 2). The
restructure introduced dual assessments, one component for
Indigenous knowledge and one for scientific knowledge, and the final
assessment recommendation is consensus-based and supported by
evidence from either or both of the dual assessments (Singer et al.,
2023). Importantly, this new process offers a way to validate each
knowledge claim within their respective knowledge system, promotes
cross-cultural communication and learning, and gives confidence to
each member that their expert knowledge is included within the
assessment and validated in a meaningful way (Singer et al., 2023).
Our research approach perhaps complicates the division line used to
separate the dual assessments. We have used quantitative, semi-
quantitative, and qualitative data in this paper to learn about the DU
caribou herd from Inuit and Western knowledge systems. Inuit were
instrumental in sample design and collection for health analyses
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included in the discussion and their knowledge was central to
designing the abundance survey (Nishi and Gunn, 2004; Fernandez
Aguilar and Kutz, 2020; Campbell et al., 2021). Traditional knowledge
was documented through interviews and analysed with different
qualitative methods (e.g., this paper; Tomaselli et al., 2018). It would
take a much longer discussion than there is space for in this paper to
piece together the cultural differences, similarities, and merges within
the data sources available for the DU caribou herd. However, these
different ways of triangulating metrics can increase understanding for
social-ecological system resilience (Salomon et al., 2019; Gagnon
et al., 2023), provides examples of how to access multiple ways of
thinking, and, ultimately, bolsters opportunities for Inuit food
sovereignty through species management and recovery.

5 Conclusion

Sila, translated as “the spirit of everything,” holds together food
security and environmental health, its dimensions, and the tools used
to support its stability (Inuit Circumpolar Council Alaska, 2015, p. 19,
2020). Sila is a complicated term to define in English, but it could
be understood as “the life-giving element, which enfolds all the world
and invests all living organisms, and without which there can be no
life” (Williamson, 2013, p. 22). Included in Sila is an understanding
that the ecosystems exist without divisions, and impacts in one place
ripple throughout - e.g. an impact to caribou availability may be felt
through Inuit mental health (Cunsolo et al., 2020; Borish et al., 2021)
or wolf availability (Klaczek et al., 2016). Inuit food sovereignty uplifts
this entire food security system, yet there are barriers that prevent its
full expression (Inuit Circumpolar Council Alaska, 2020). The Inuit
Circumpolar Council Alaska (2020) used Inuit perspectives to
examine the legal framework of co-management in Alaska and the
Inuvialuit Settlement Region. They defined various calls-to-action
including to place Inuit knowledge and Inuit rules, laws, and practices
foremost in decision-making for the sake of Inuit food sovereignty
(Inuit Circumpolar Council Alaska, 2020).

The results from our research respond to this call-to-action and
address its various identified needs or spaces for improvement (Inuit
Circumpolar Council Alaska, 2020). We wrote the Traditional
knowledge down and systematically analyzed it with methodologies
and methods consistent with Inuit values of respect, collaboration, and
sharing. Written documentation is one strategy to make Indigenous
knowledge available to more people involved in decision-making and
to combat the tendency of Indigenous knowledge being considered
anecdotal (Inuit Circumpolar Council Alaska, 2020; Wheeler et al.,
2020). By understanding abundance through life histories of
harvesters and caribou, we directly addressed a well-known
methodological conflict between survey abundance counts and
Indigenous knowledge understood phenomena that caribou numbers
are supposed to vary annually, through sometimes unstable cycles,
and as a function of migration (Martinez-Levasseur et al., 2017; Inuit
Circumpolar Council Alaska, 2020). Our collaborative partnerships
and guidance from knowledge keepers through the staggered
interviews with multiple rounds of feedback resulted in research that
was community driven. This research provides an example about
equitable inclusion of Indigenous knowledge and equitable
partnerships in community-based monitoring or co-management.
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These methods also created many opportunities for sharing,
cooperation, and ensuring that the results were meaningful and
accessible to communities for making decisions and to support food
sovereignty. Collaborative research and assessment strategies have
supported the expression of Inuit food sovereignty (this paper; Tengo
et al., 2017; Gagnon et al., 2023; Singer et al.,, 2023). Continued
collaborative, respectful, and reciprocal actions genuinely have the
potential to move conservation towards a more equitable future of
Indigenous self-determination.

Power relations and colonialism continue to weigh heavily on the
discussion and actions towards equitable environmental governance
and Inuit food sovereignty (Nadasdy, 2005; Snook et al.,, 2020;
Zimmermann et al., 2023). These issues are well documented,
including the dominance of Western cognitive processes (Collings
et al., 2018; Ljubicic et al., 2018), failure to implement land claims
agreements (Berger, 2005), lack of administrative independence for
co-management boards (White, 2018), and the scientization of
decision-making (Tester and Irnig, 2008; Hessami et al., 2021),
among others. The focus of this paper on documenting what Inuit
knew about DU caribou abundance, distribution, and health was its
own negotiation among the research partners and contributors to the
study. Ultimately, we emphasized qualities such as written knowledge
(versus oral) and ecological facts (versus broader Inuit knowledge)
that our team thought could be helpful to the current co-management
system looking after these animals. We attempted to balance this
skew towards characteristics of Western knowledge with our
methodology and methods, such as having multiple sessions with the
harvesters, heeding guidance offered by the harvesters and the
and highlighting the
interconnections among the results and to the land. While our

Kugluktuk  Angoniatit ~Association,
research may act as an example of transdisciplinary research among
academia, government, and Inuit, we look forward to the continuing
conversations around, and improvements to, collaborative
wildlife conservation.

The larger problematic power relations at play in environmental
governance (i.e., Wheeler et al., 2020; Robertson et al., 2023) are set
up by the formal and informal legal systems (Coates, 2020; Colombi
Ciacchi and von der Pfordten, 2023). Promisingly, legal systems are
psychological in nature and are constantly changing alongside society
(Ogloff and Schuller, 2001; Coates, 2020). There are many calls to
transform governance approaches, from Indigenous to state to
international governance, introducing terms such as multispecies
justice (Celermajer et al., 2021), planetary health (Redvers et al., 2022),
Indigenous environmental justice (McGregor, 2018; McGregor et al.,
2020), (Whyte, 2018, 2020),

ethnogeographies (Reibold, 2022), inherent dignity (Youngblood

Indigenous climate justice
Henderson, 2019), and ecosystem-based management (Fisher et al.,
2022; Wienrich et al,, 2022). Commonalities among these suggestions
return environmental governance to include interconnected networks
of beings with no division between culture and nature. This approach
is called biocultural conservation in Wheeler and Root-Bernstein
(2020) and is perhaps consistent with Inuit knowledge and legal
systems (Aupilaarjuk et al., 2017; Laugrand and Oosten, 2018).
Continuing to attune research and the down-the-stream decision-
making to politics/power relationships and emphasizing social
learning may lead to unique, topic/geographic specific governance
models (Bohensky and Maru, 2011; Fisher et al., 2022).
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