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Culture and the social-ecology of local food use by Indigenous communities
in northern North America
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ABSTRACT. Social-ecological and biocultural systems connect people to their environment at the intersection of nature and culture.
The harvest of local wildlife for human consumption is critically important to the food security of the world’s Indigenous peoples and
to the conservation of biodiversity, either as a driver of biodiversity loss or of biodiversity protection, depending on system properties.
By their nature, local food systems are assumed to be both ecologically determined and culturally defined. Here, we analyze standardized
local food consumption surveys conducted in 21 Indigenous communities across northern North America. Using measures of dietary
similarity from the ecological sciences and a variance partitioning statistical approach, we reveal a profound and prevailing importance
of culture in defining the types and amounts of animal species consumed as food, operating within the environmental constraint of
local availability. This quantitative, multicommunity analysis reveals the sustainability and cultural agency inherent in local food systems
and the importance of cultural-ecological coupling in an era of accelerating social and environmental change.
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INTRODUCTION
Social-ecological and biocultural systems connect people to their
environment at the intersection of nature and culture (Marsh
1864, Loh and Harmon 2005, Moran 2016). The multiple
modalities coupling human and natural systems have been long
and deeply explored within environmental (or ecological)
anthropology, most often using ethnographic methods best suited
to studies of local, community-scale connections (Orr et al. 2015).
Across different disciplines and at various scales, many other
approaches have been used to highlight the form and extent of
this coupling, including ecosystem services (Díaz et al. 2015),
natural capital accounting (Ekins et al. 2003), social-ecological
frameworks (Ostrom 2009) and models (Schlüter et al. 2014), and
the human geology of the Anthropocene (Lewis and Maslin
2015). Nevertheless, systematic, multicommunity indicators of
biocultural coupling, such as the demonstrated co-occurrence of
linguistic and biological diversity (Gorenflo et al. 2012), remain
rare.  

Conceptualizing people and the environment as distinct or
separable entities is especially incommensurate with the
worldviews of many Indigenous peoples, whose traditional
knowledge, though diverse and ever-changing, emphasizes
relationships between human and nonhuman life and between the
animate and inanimate worlds (Berkes 2012). Ecological
connections, sentience, and communication among diverse
entities are prioritized (Semali and Kincheloe 2002) in a manner
that respects differences and diversity while maintaining the
possibility of communication and codependency (Kohn 2007).
Expressed another way, Indigenous peoples view themselves and
nature as part of an extended ecological family who share
ancestry, origins, and interdependencies (Salmón 2000).
Indigenous worldviews thus defy the distinction between people
and nature (Flint et al. 2013) and speak instead to broader
communities of life.  

Local Indigenous food systems include the harvest of locally
available, nondomesticated wildlife (i.e., plants and animals) for

human consumption (Kuhnlein and Receveur 1996). Also
referred to as traditional food, country food, or wild food systems,
local Indigenous food systems are social-ecological systems
defined by the use and stewardship of local biodiversity as a source
of food (Olsson et al. 2004), embodying the knowledge,
relationships, and reciprocities that connect people to nature and
create the possibility of “being alive well” (Stevens 1997, Adelson
2000). Accordingly, local food systems are inextricably linked with
the identity, food security, and well-being of Indigenous peoples
(Kuhnlein et al. 2013), representing a cultural strength and a
source of cultural identity (Kuhnlein et al. 2009). Language and
food are interdependent components of Indigenous cultures
(McIvor et al. 2013), and the remarkable diversity of Indigenous
dialects, languages, and language families, coupled with their
distinct and diversified local food systems, speaks to the collective
richness, diversity, and relatedness of the world’s many
Indigenous peoples (Kuhnlein et al. 2013).  

Most research on local Indigenous food systems focuses on health
outcomes, environmental impacts, or cultural aspects. Health-
related traditional food research focuses primarily on food-to-
health outcomes, emphasizing the unique nutrient profiles and
high nutritional value of traditional foods (Kuhnlein and
Receveur 2007, Johnson-Down and Egeland 2010, Egeland et al.
2011, Kenny et al. 2018b); their contributions to food security
(Lambden et al. 2007, Power 2008, Kasimba et al. 2018) and
reduced incidence of chronic health conditions, including
diabetes and obesity (Young et al. 2000, Milburn 2004, Egeland
et al. 2011, Marushka et al. 2017); and their role in food-borne
contaminant and disease exposure (Kuhnlein and Chan 2000,
Donaldson et al. 2010, Quinn et al. 2012, Dudley et al. 2015,
Binnington et al. 2016). Environment-related traditional food
research focuses primarily on environment-to-food impacts,
emphasizing the climate vulnerability of traditional food systems
(Krupnik and Jolly 2002, Furgal and Seguin 2006, Ford 2009,
Royer 2015), including observed changes in the abundance and
health of harvested species (Wassmann et al. 2011, Dinero 2013,
Kenny et al. 2018a) and the increased difficulty and risk of
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Fig. 1. Indigenous communities or regional groups of communities included in the study (black circles) and their cultural (A) and
ecological (B) affiliations. Community or region name abbreviations: CH = Chisasibi, CL = Colville Lake, EA = Eastmain, FC =
Fort Chipewyan, FGH = Fort Good Hope, FP = Fort Providence, FSe = Fort Severn, FSm = Fort Smith, HB = Hudson Bay
(including Akulivik, Puvirnituq, Inukjuak, Umiujaq, Kuujjuarapik), HJ = Haines Junction, HS = Hudson Strait (including Ivujivik,
Salluit, Kangiqsujuaq, Quaqtaq), KA = Kangiqsujuaq, KR = Kugaaruk, MI = Mistissini, OC = Old Crow, QI = Qikiqtarjuaq, SN
= Sanikiluaq, TE = Teslin, UB = Ungava Bay (including Kangirsuk, Aupaluk, Tasiujaq, Kuujjuaq, Kangiqsualujjuaq), WA =
Waswanipi, WE = Wemindji, WH = Whapmagoostui, WK = Waskaganish.

traveling to traditional harvest sites (Berkes and Jolly 2001, Ford
et al. 2006, Laidler et al. 2009). Culture-related traditional food
research considers culture-to-food and food-to-culture interdependencies
more holistically, including traditional ecological knowledge as
way of knowing (Adelson 2000, Berkes 2012), the importance of
language and intergenerational knowledge transmission (Houde
2007, Parlee et al. 2014), the cultural practice of food choice and
food sharing (Delormier et al. 2009, Collings et al. 2016, Ready
2018), and the evolution and interrelatedness of subsistence and
wage economies (Wenzel 1991, Natcher 2009).  

Local food use by Indigenous peoples is presumably both
ecologically determined and culturally defined (Burlingame and
Dernini 2012, Hickey et al. 2016), but evidence for this
presumption arises largely from qualitative case studies (Liu et
al. 2007, Kuhnlein et al. 2009). From an ecological perspective,
food choice within a local food system is, by definition,
constrained to locally available wildlife whose distributions are
ecologically defined. The geographic range distributions of
different wildlife species determines their local availability to
communities (Wein and Freeman 1995). For instance,
communities living on the coast have access to marine
environments with a variety of plant and animal species that are
not available to inland communities (Turner 1995, Mitchell and
Donald 2001, Mulrennan and Bussières 2018). Similarly,
communities located in mountainous regions will have access to
a different complement of species than do those situated in
lowland forests or grasslands (Turnbull 1987, Marean 1997,
Arnold et al. 2011, Zimmerer et al. 2017). Communities situated
at ecosystem edges are likely to have access to the widest diversity
of assemblages (Turner et al. 2003). However, these environmental
determinants of food availability and accessibility may not be the
only, or necessarily the most important, determinant of
Indigenous peoples’ food use (Wein et al. 1996). Food choice and
food use are widely recognized as a social and cultural

phenomenon that are closely related to identity (Fischler 1988).
Food and eating is fundamentally a social practice (Delormier et
al. 2009). For Indigenous peoples, harvesting food from the wild
is deeply connected with spirituality, ways of seeing life, language,
and links to ancestors and thus forms the base of their ethics and
identity (Kuhnlein et al. 2009). As such, different Indigenous
cultures have distinct knowledge, practices, preferences, and
taboos surrounding the same animal (Kuhnlein and Humphries
2017).  

Food and feeding are largely cultural. Biodiversity is largely
ecological. When local biodiversity is used as food, is the local
food system culturally or ecologically defined? We capitalize on
and combine three key analytical opportunities to address this
question. The first is that local food use by Indigenous
communities has been relatively well quantified, particularly in
northern North America, through food frequency and food recall
questionnaires, typically employed by public health researchers
seeking to estimate contaminant exposure or nutrient intake
(Thompson and Subar 2017). The second is the recognition that
these surveys yield data directly amenable to dietary niche metrics
that have long been used in the ecological sciences to assess trophic
specialization and niche overlap (Colwell and Futuyma 1971).
The third is the availability of variance partitioning statistical
approaches capable of quantifying shared and independent
explanatory power and thus communicating the unique and
shared contributions of nature and culture in social-ecological
systems. Here, we characterize cultural and ecological
contributors to the local food use of 21 Indigenous communities
distributed across northern North America, whose patterns of
local food use have been systematically surveyed and published
in the public domain, including 7 Inuit communities or regions
and 14 First Nations communities (Fig. 1). Linguistic analysis of
Indigenous languages spoken in North America is used as a basis
for characterizing the cultural relatedness of these communities
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(Fig. A1.1; Mithun 2001), which are also situated in distinct
ecological landscapes predictive of the species assemblies of
locally available wildlife (Fig. 1B; McDonald et al. 2005, Soininen
et al. 2007). We describe the dietary importance of different wild
animal species across the range of communities included and
assess the extent to which dietary diversity correlates with
geography, culture, and ecology. The analysis thus characterizes
the biocultural diversity of local food use and assesses the relative
importance of environmental and cultural determinism. By
showing how trophic niche metrics, used widely in ecology, can
be applied to the results of traditional food surveys, we hope to
encourage integration of ecological, health, and cultural
approaches to describe the social-ecology of local Indigenous
food systems.

METHODS

Indigenous communities and food frequency questionnaires
The published literature was searched for studies that describe the
local wild animal food consumption patterns of Indigenous
communities in Canada. The authors of those studies interviewed
community members using food frequency or dietary recall
questionnaires, asking participants how often (e.g., number of
days per month) or how much of (e.g., mass per day) various
animals were consumed. Although wild plant foods are also
critically important to Indigenous peoples as food and medicine
(Kuhnlein and Turner 1991, Grivetti and Ogle 2000), plant-based
contributions to local food systems were excluded from our
analysis, not because their contributions were unimportant or
undocumented, but because plant-based portions of most food
frequency surveys conducted in northern Canada do not include
recognizable species categories (e.g., reported consumption of
berries without identification of species). We restricted our
analysis to studies that reported food consumption patterns per
community or across a series of neighboring communities. When
a community appeared in more than one study, the data set that
was the most taxonomically detailed or seasonally comprehensive
was selected. Most studies included in our analysis reported
animal food consumption patterns for a complete year, but a few
studies focusing on specific seasons were included, despite
potential differences between seasonal and annual consumption.
We identified 12 published studies that satisfied the above criteria,
representing 32 communities located across northern Canada.
Because three studies pooled data across a few neighboring
communities, our analysis considered 21 communities or
community groups (Table A1.1 in Appendix 1).

Dietary data analysis
Combining surveys from multiple communities required
standardization of wildlife categories at the species or species-
group level and converting the heterogeneity of surveyed variables
(e.g., days with consumption, number of meals per day, grams
consumed per day) into within-study importance values. Thus,
our analysis does not consider community-to-community
variation in the amount of local wildlife food consumed, but
rather, how the total amount of local consumption is distributed
across various wildlife species and species-groups. In equation
form, 

Σn
i=m  i

 p = 1 (1)  

where n is the number of species (or species-groups) consumed
and pi represents the proportion of reported food consumption
for species i. This cross-study standardization generates a matrix
of community-by-species dietary importance values (Fig. 2; Table
A1.2 in Appendix 1).  

Using this standardized dietary importance matrix, we performed
nonmetric multidimensional scaling (NMDS), an ordination
technique based on ranked orders, to visualize and interpret the
position of communities in the multidimensional space of species
consumed. In the R package “vegan” (Oksanen et al. 2018, R
Core Team 2019), we used the Jaccard ordination distance because
it is an ecologically meaningful measure based on the dissimilarity
of resources used among communities (Jaccard 1901, McCune et
al. 2002). Twenty dimensions were run to find the solution with
minimized stress (stress = 0.03) and to obtain the best
visualization of the position of communities along two axes of
variation in species importance. Then, using the R package
“RInSp” (Zaccarelli et al. 2013, R Core Team 2019), we calculated
the trophic niche breadth of each community (a measure of diet
specialization ranging from 0, when most specialized, to 1, when
most generalized) and the trophic niche overlap between each
community pair (pairwise measure of diet similarity ranging from
0, when a community pair consumes no common species, to 1,
when a community pair consumes the same species in identical
proportions; hereafter referred to as pairwise dietary similarity).

Correlates of diet similarity
We related pairwise dietary similarity to metrics of cultural and
ecological relatedness. Our pairwise measure of cultural
relatedness is language based, reflecting the cultural dendrogram
presented in Fig. 2, ranging from a maximum value of 4 for
community pairs sharing a cultural group, language family, and
language (e.g., multiple Cree communities in Eeyou Istchee), to
a minimum value of 1 for community pairs belonging to distinct
cultural groups (e.g., Inuit and First Nations) and, therefore,
distinct language families and languages. An alternative index of
cultural relatedness was also considered, assigning a relatedness
measure ranging from 1 to 10 based on more detailed
subcategories of cultural and linguistic groups (Fig. A1.1 in
Appendix 1). Both of these cultural metrics are dependent on
accurate linguistic classification of Indigenous language families,
as well as the validity of assessing cultural relatedness on the basis
of language diversity, both of which are complex and contested
ideas (Bateman et al. 1990, Bryant et al. 2005). Similar to the
metric of cultural relatedness, ecological relatedness was
calculated for each community pair, with the highest value (3)
assigned to community pairs sharing a biome and ecoregion, and
the lowest value (1) assigned to community pairs differing in
biomes. An alternative index of ecological relatedness, consisting
of four levels, included additional information related to coastal
proximity and ecozone adjacency (Fig. A1.1 in Appendix 1).
Finally, we also calculated the geodesic distance between
community pairs to generate a distance-based predictor variable
that is entirely spatial and thus culturally and ecologically neutral.
This spatial distance metric was measured along the surface of
the earth, estimated using the central latitude and longitude
coordinates of each community. The pairwise community
matrices of cultural relatedness, ecological relatedness, and
spatial distance used in these analyses are included in Appendix
1, Table A1.3.  
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Fig. 2. Community-by-species standardized dietary importance matrix based on local food use surveyed in 21 Indigenous
communities or regional groups of communities. Wildlife species and species groups are connected by a dendrogram reflecting
taxonomic groupings. Communities are connected by a dendrogram reflecting cultural and linguistic relatedness, with communities
separated at the base of the dendrogram (where community names are listed) having fewer similarities than those separated higher
up. First Nation (FN) connections reflect the Na-Dene (ND) language family, which includes Tlingit (Teslin) and the Athabaskan
languages Tutchone (Haines Junction), Gwitchin (Old Crow), and Dene (three branches beginning with Fort), and the Algonquian
language family (A), which includes Swampy Cree (SC) and Eastern Cree (EC). Inuit (I) connections reflect culturally and
linguistically defined regions, including Nunavik (N) and the Kitikmeot (K) and Qikiqtaaluk (Q) regions of Nunavut.
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Assessing the relative contributions of culture, ecology, and space
in defining the types and amounts of species consumed as local
food is made challenging by the covariation in culture and ecology
that defines social-ecological and biocultural systems.
Accordingly, we assessed the explanatory power of cultural
relatedness, ecological relatedness, and spatial distance in relation
to diet similarity using multiple approaches, including univariate
correlations, model selection using the Akaike Information
Criterion (AIC), and variance partitioning, all performed using
R (R Core Team 2019). Because pairwise comparisons generate
pseudoreplication (i.e., data from 21 communities or community
groups yield 210 comparisons), and because two of our three
explanatory variables are discrete, we confine our univariate
analyses to a comparison of R² coefficients of determination, used
and interpreted here as an initial assessment of explanatory power
with no estimation or reporting of statistical significance due to
pseudoreplication. We then used a standard AIC model selection
framework to compare seven candidate models containing
combined and single cultural, ecological, and spatial predictors
of dietary similarity. Finally, a variance partitioning analysis
(Borcard et al. 1992), also referred to as dominance analysis
(Budescu 1993) or independent effects analysis (Murray and
Conner 2009), was used as an alternative statistical approach that
seeks to partition the shared vs. independent explanatory power
of a series of partially correlated predictor variables. We follow
the convention of presenting the outcome of a variance
partitioning analysis as a Venn diagram, with overlapping circles
reflecting predictive power of one explanatory variable that is
shared with other explanatory variables.

RESULTS
Across the 21 Indigenous communities or regional groups of
communities that were surveyed, most consumed > 10 different
animal species or species-groups and, over all communities, 45
species-groups or animals were consumed (Fig. 2). Caribou was
the most widely consumed animal food species, followed by geese
(including Canada Goose, Snow Goose, etc.), moose, whitefish/
cisco, and grouse/ptarmigan. A measure of trophic niche breadth,
reflecting both the diversity and evenness of species-groups
consumed, declined significantly with latitude (R² = 0.45; Fig.
3A), and increased significantly with average annual temperature
(R² = 0.40; Fig. 3B).  

Multivariate (NMDS) analysis of community-by-species dietary
importance values positioned communities in species space along
two multivariate axes reflecting rank order variation in species
consumed (Fig. 4). The first axis of the NMDS differentiated
communities reporting diets dominated by marine and marine-
associated species such as arctic char, seals, and beluga from those
consuming more terrestrial and freshwater-associated species
such as moose, trout, and beaver (Fig. 4; Fig. A1.2 in Appendix
1). This axis reflects a widely recognized distinction between the
country food systems of Inuit communities, focused on coastal
and marine species, and the traditional food systems of First
Nation communities, focused on terrestrial and freshwater
species. The central location of caribou and geese along this first
axis reflects the shared importance of these migratory species to
Inuit and First Nations. The second NMDS axis highlighted a
less discussed, largely east-to-west, difference in local food use,
including central Inuit communities consuming more caribou and
char relative to eastern Inuit communities consuming more seal

and marine invertebrates, as well as northwestern First Nations
communities consuming more caribou, moose, porcupine, and
whitefish/cisco relative to northeastern First Nations
communities consuming more waterfowl, bears, beaver, and
freshwater fish such as walleye and pike (on the terrestrial side of
the first axis; Fig. 4; Fig. A1.2 in Appendix 1).

Fig. 3. Trophic niche breadth of 21 Indigenous communities or
regional groups of communities based on surveyed local food
use in relation to latitude (A) and average annual temperature
(B). Niche breadth is a measure of diet specialization ranging
from 0, when diet is most specialized, to 1, when diet is most
generalized. The shaded area represents the 95% confidence
interval.

Univariate analysis of cultural relatedness, ecological relatedness,
and spatial distance as predictors of dietary similarity highlights
the predictive capacity of all three variables (Fig. 5). However,
these three predictor variables are moderately collinear, with
similar cultures characterized by ecological similarity (r = 0.64)
and spatial proximity (r = 0.40; Fig. 5). Variance inflation factors
for cultural relatedness (2.05), ecological relatedness (1.75), and
spatial distance (1.24) confirmed that collinearity is low enough
to include variables in a combined linear model. Application of
a standard AIC model comparison framework to this moderately
correlated set of predictor variables indicates maximum support
for a combined model that includes cultural, ecological, and
spatial predictors of dietary similarity (Table 1).  

Variance partitioning analysis of culture, ecology, and space as
predictors of dietary similarity indicates a persuasive influence
of culture on diet, with cultural relatedness offering 66%
predictive power, which is only 4% less than the 70% contributed
by all three variables combined (Fig. 6). Approximately one-third
of the predictive power of cultural relatedness is contributed by
cultural relatedness that is uncorrelated with other predictors
(21%), slightly more than one-third is contributed by cultural
relatedness that is correlated with ecological relatedness (25%),
and lesser amounts are contributed by culture correlated with
spatial distance (14%) and all three variables correlated together
(6%). The independent explanatory power of cultural relatedness
(21%) is 7 times greater than the independent explanatory power
of spatial distance (3%) and 21 times greater than that of
ecological relatedness (1%). This identified importance of culture
in predicting dietary similarity was robust to alternative measures
of cultural and ecological relatedness (Fig. A1.3 in Appendix 1).

DISCUSSION
Reliance on local biodiversity as a primary source of food
connects nature to the well-being of people in a direct and
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Fig. 4. Ordination biplot for nonmetric multidimensional scaling analysis of a community-by-
species standardized dietary importance matrix based on local food use surveyed in 21 Indigenous
communities or regional groups of communities. Communities are shown as dots coloured by
culture and are positioned along two multivariate axes of variation in the dietary importance of
species consumed, with closer dots having more similar diets. Community or region name
abbreviations: CH = Chisasibi, EA = Eastmain, FGH/CL = Fort Good Hope and Colville Lake,
FP = Fort Providence, FSe = Fort Severn, FSm/FC = Fort Smith and Fort Chipewyan, HB =
Hudson Bay (including Akulivik, Puvirnituq, Inukjuak, Umiujaq, Kuujjuarapik), HJ = Haines
Junction, HS = Hudson Strait (including Ivujivik, Salluit, Kangiqsujuaq, Quaqtaq), KA =
Kangiqsujuaq, KR = Kugaaruk, MI = Mistissini, OC = Old Crow, QI = Qikiqtarjuaq, SN =
Sanikiluaq, TE = Teslin, UB = Ungava Bay (including Kangirsuk, Aupaluk, Tasiujaq, Kuujjuaq,
Kangiqsualujjuaq), WA = Waswanipi, WE = Wemindji, WH = Whapmagoostui, WK =
Waskaganish. Species that were most important in driving variation along each NMDS axis are
indicated with crosses, and species illustrations and are positioned according to how the dietary
importance of each species is correlated with each NMDS axis (see Fig. A1.2 in Appendix 1 for a
visualization with all species). Cultural-linguistic groupings are highlighted with dashed ellipses for
First Nations (orange) and Inuit (blue) and with solid ellipses for Nunavut, Nunavik, Cree/
Algonquian, and Na-Dene/Athabaskan.

fundamental way. When this food-based connection to nature is
developed and sustained generation after generation from time
immemorial, as is the case for Indigenous peoples throughout the
world, then knowledge and tradition both arise from and
maintain the continuity of this food-based relationship (Kuhnlein
et al. 2009). Culture, ecology, and place become integrated to an
extent that their independent and combined influences become
difficult to identify (Berkes 2012). We achieve this description
quantitatively with a standardized analysis of local food use by
Indigenous communities across northern North America, using
language families to reflect cultural relatedness, biomes and
ecozones to reflect ecological relatedness, and a distance-based
measure of spatial proximity.  

That this analysis reveals such a profound and prevailing
importance of culture in defining food use is surprising because
ecological niche-based metrics form the basis of our analytical
approach and because food choice within a local food system is,
by definition, constrained to locally available wildlife whose
distributions are presumably ecologically defined. The
importance of culture in shaping local food consumption could

arise from preferential use and selection of preferred species
within a diverse community of locally available wildlife, meaning
that local diets reflect food preference more than availability or
access. Alternatively, culturally preferred species may be more
readily available and accessible to local communities if  harvest
increases local availability or if  the details of how and where
people hunt dictate the species that are accessible to them. In all
cases, for culture to shape food use in a long-term biocultural
relationship, harvest must be sustainable, and the cultural
preferences and traditions of harvesters and food consumers must
be of fundamental importance. Although our results highlight
the importance of culture in patterns of food consumption, so
too do they align with the fundamental environmental constraint
that local diets are limited to local wildlife assemblages. If  we were
to compare community reported consumption of individual
species to these species’ range distributions, we believe that all
species reported to be consumed would be confirmed to be locally
present. Consistent with large-scale biodiversity gradients
reported in macro-ecological literature (Gaston 2000),
communities located at higher latitudes and colder climatic zones
had less diverse, more specialized diets (i.e., narrower trophic
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Fig. 5. Pairwise diet similarity based on local food use surveyed
among 21 Indigenous communities or regional groups of
communities, in relation to cultural relatedness (A), spatial
distance (B), and ecological relatedness (C) between
communities. Dashed lines and coefficients of correlation (r)
indicate collinearity between explanatory variables. Diet
similarity ranges from 0, when a community pair consumes no
common species, to 1, when a community pair consumes the
same species in identical proportions. Cultural relatedness is
highest (4) for community pairs sharing a cultural group,
language family, and language, and lowest (1) for community
pairs belonging to distinct cultural groups and, therefore,
distinct language families and languages. Ecological relatedness
is highest (3) for community pairs sharing biome and ecoregion
and lowest (1) when community pairs are in different in biomes
and, thus, in different ecoregions.

niches) than communities located at lower, warmer latitudes.
Season-to-season and year-to-year variation in wildlife
abundance and accessibility is also likely to be a key driver of
local diets. The absence (or inconsistency of) longitudinal data in

Table 1. Model selection from seven candidate linear models
containing combined and single cultural, ecological, and spatial
predictors of pairwise dietary similarity among 21 Indigenous
communities or regional groups of communities. The Akaike
Information Criterion (AIC) shows the relative strengths of the
models, with lower AIC indicating a stronger model. AIC scores
(ΔAIC) represent the relative difference between the best model
and each other model. Akaike weights (Wi) give the probability
that any given model is the best of the set.
 
Candidate models AIC ΔAIC W

i

CULTURAL + ECOLOGICAL +
SPATIAL

1611.26 0 0.809

CULTURAL + SPATIAL 1614.15 2.89 0.191
CULTURAL 1629.1 17.84 0
CULTURAL + ECOLOGICAL 1629.4 18.14 0
SPATIAL + ECOLOGICAL 1722.54 111.28 0
ECOLOGICAL 1779.59 168.33 0
SPATIAL 1804.92 193.66 0

Fig. 6. Venn diagram showing variance partitioning and shared
and unique explanatory power of cultural, ecological, and
spatial predictors of pairwise community diet similarity.

the surveys we analyzed precluded examination of seasonal or
multiannual variation in consumption patterns, which are known
to be substantial and driven by both environmental conditions
and social factors. Furthermore, food frequency questionnaires
and dietary recall surveys, which form the foundation of our
analyses, are known to be imperfect instruments of dietary
assessment because of recall inaccuracies, reporting bias, and the
difficulty of estimating amounts from frequencies (Castell et al.
2015, Thompson and Subar 2017). However, some of these
sources of variation, error, and bias were likely reduced or
eliminated by our conversion of raw data into within-study
importance values, and those that remained should have
contributed primarily unexplained variation. One potential bias
that could inflate diet-culture coupling is the possibility that
communities over-report the consumption of species that are
cultural cornerstones and under-report other locally available
wildlife that are consumed but are less culturally emphasized.  
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The results described here also relate to the important issue of
community adaptive capacity in an era of rapid environmental
change (Harper et al. 2019). The expectation that community
harvest practices and food use will simply change as local
ecological conditions change rests on environmental determinism
independent of cultural factors (Robertson and Ljubicic 2019),
which is equivalent to the small red space labeled as ecological
relatedness in our variance partitioning analysis (Fig. 6). The
smallness of this predictive space (representing diet predicted by
ecology independent of culture and spatial distance) should give
pause to this expectation; it ignores the extensive overlap among
cultural, ecological, and spatial circles reflecting social-ecological
coupling and biocultural relationships. The tensions and stresses
created by environmental change can be envisioned as what
happens when the ecological circle is moved away from the other
two (Fig. 6). For example, the thin red space might, if  diets become
more environmentally determined, expand into a larger space.
For this expansion to occur, however, social-ecological coupling
must decline. Whatever the response or adaptation,
environmental change will cause a pulling apart of people,
environment, and place. Nevertheless, all long-term relationships
change over time, and the relationship between Indigenous
peoples and nature is a long-term relationship (Kuhnlein et al.
2009). The contemporary social-ecological system we document
here is inevitably a product of many past episodes of cultural and
environmental change, sometimes occurring in parallel and at
other times with one far outpacing the other. Thus, continuity of
social-ecological change is a reasonable expectation, so long as it
is realized the change will be shaped by people and nature
combined.  

Local food systems are critically important to the health and
culture of the world’s Indigenous peoples, many of whom are
experiencing a global syndemic of obesity, undernutrition, and
climate change (Swinburn et al. 2019). Local food systems are
also important to the global biodiversity crisis as either drivers of
biodiversity loss (Fa et al. 2002) or contributors to biodiversity
protection (Gadgil et al. 1993), depending on system properties
(Berkes and Folke 2000). Because most Indigenous food systems
research focuses on impacts and outcomes, there is a risk of
overlooking the food system itself. The material basis of local
food systems is the diversity of wild organisms that are consumed
as food, their species identities, and their ecological niches
(Kuhnlein and Humphries 2017). The cultural basis of local food
use includes not only the traditional ecological knowledge of
wildlife species and the methods and equipment required to
harvest them, but also issues of taste, preference, identity, and
spirituality (Berkes 2012), all of which come to define food
sufficiency, nutrient adequacy, cultural acceptability, safety,
certainty, and stability (Coates 2013). Documenting contemporary
local food systems impacts and outcomes and predicting those
that will occur in the future requires a detailed and comprehensive
understanding of ecological and cultural determinants of local
food use and how these determinants coalesce as a social
ecological system. We hope that our application of trophic niche
metrics from the ecological sciences to the results of traditional
food surveys will encourage integration of ecological, health, and
cultural approaches to describe the social-ecology of local
Indigenous food systems, including how these systems vary from
place to place and from one time to another.

CONCLUSION
Understanding the relationship between people and the
environment is a challenge as old as humanity that has become
the defining problem of the Anthropocene. Here, we used
ecological niche metrics to analyze patterns in the local food use
of Indigenous peoples. Food and feeding are largely cultural.
Biodiversity is largely ecological. When local biodiversity is used
as food, is the local food system culturally or ecologically defined?
Our analyses confirm what can be most difficult to quantify: the
importance of culture in defining how people use and benefit from
nature, operating within the environmental constraints defining
local availability. These results reveal the sustainability and
cultural agency inherent in local food systems, and the importance
of cultural-ecological coupling in an era of accelerating social
and environmental change.

Responses to this article can be read online at: 
http://www.ecologyandsociety.org/issues/responses.
php/11542
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Appendix 1. Culture of local food use: supplementary information 

Table A1.1. Communities or regional community groups included in this analysis, including 

cultural and linguistic groupings, and dietary data sources. 

Community, Community Pair, or Region 

included as unit of analyses (indicates 

abbreviation used in figures) 

Culture First Nations 

Language 

Family  

/ Inuit Region 

Inuit (I) 

or First 

Nations 

(FN) 

Source† 

Kugaaruk (KR) Netsilik Nunavut 

Kitikmeot 

I 1 

Sanikiluaq (SN) Qikirtamiut Nunavut 

Qikiqtaaluk 

I 2 

Qikiqtarjuak (QI) Nunatsiarmuit Nunavut 

Qikiqtaaluk 

I 3 

Nunavik - Hudson Bay (HB)  

(including Akulivik, Puvirnituq, Inukjuak, 

Umiujaq, Kuujjuarapik) 

Nunavimmiut Nunavik I 4 

Nunavik - Hudson Strait (HS) (including 

Ivujivik, Salluit, Kangiqsujuaq, Quaqtaq) 

Nunavimmiut Nunavik I 4 

Nunavik - Ungava Bay (UB)  

(including Kangirsuk, Aupaluk, Tasiujaq, 

Kuujjuaq, Kangiqsualujjuaq) 

Nunavimmiut Nunavik I 4 

Kangiqsujuaq (KA) Nunavimmiut Nunavik I 5 

Old Crow (OC) Vuntut Gwitchin Athabaskan FN 6 

Fort Good Hope (FGH) & Colville Lake (CL) Sahtu Dene & 

Metis 

Athabaskan FN 7 

Fort Providence (FP) Dehcho Dene Athabaskan FN 8 

Fort Smith (FSm) & Fort Chipewyan (FC) Akaitcho Dene & 

Athabaskan Tribal 

Council 

Athabaskan FN 9 

Haines Junction (HJ) Champagne & 

Aishihik 

Athabaskan FN 6 

Teslin (TE) Teslin Tlingit Tlingit FN 6 

Fort Severn (FSe) Cree Nishnawbe 

Aski Nation 

Algonquian FN 10 

Mistissini (MI) Cree Eeyou 

Istchee 

Algonquian FN 11 

Waswanipi (WA) Cree Eeyou 

Istchee  

Algonquian FN 12 

Eastmain (EA) Cree Eeyou 

Istchee 

Algonquian FN 12 

Waskaganish (WK) Cree Eeyou 

Istchee 

Algonquian FN 12 

Chisasibi (CH) Cree Eeyou 

Istchee 

Algonquian FN 12 

Whapmagoostui (WH) Cree Eeyou 

Istchee 

Algonquian FN 12 

Wemindji (WE) Cree Eeyou 

Istchee 

Algonquian FN 12 

 



†Dietary data sources are: 

1Lawn, J. & Harvey, D. Nutrition and food security in Kugaaruk, Nunavut. Minister of Indian Affairs and Northern 

Development, Ottawa, Ont (2003). 

2Wein, E. E., Freeman, M. M. & Makus, J. C. Use of and preference for traditional foods among the Belcher Island 

Inuit. Arctic, 256-264 (1996). 

3Kuhnlein, H. V. & Soueida, R. Use and nutrient composition of traditional Baffin Inuit foods. Journal of Food 

Composition and Analysis 5, 112-126 (1992). 

4Lemire, M. et al. Local country food sources of methylmercury, selenium and omega-3 fatty acids in Nunavik, 

Northern Quebec. Science of the Total Environment 509, 248-259 (2015). 

5Lawn, J. & Harvey, D. Nutrition and food security in Kangiqsujuaq, Nunavik. Ottawa, ON: Minister of Indian 

Affairs and Northern Development (2004). 

6Wein, E. E. & Freeman, M. M. Frequency of traditional food use by three Yukon First Nations living in four 

communities. Arctic, 161-171 (1995). 

7Morrison, N. et al. Contemporary Sahtu Dene/Metis use of traditional and market food. Ecology of food and 

nutrition 34, 197-210 (1995). 

8Guyot, M. & Chan, H. Impacts of climate change on traditional food security in Aboriginal communities in 

northern Canada, McGill University, (2006). 

9Wein, E. E., Sabry, J. H. & Evers, F. T. Food consumption patterns and use of country foods by native Canadians 

near Wood Buffalo National Park, Canada. Arctic, 196-205 (1991). 

10Lawn, J. & Harvey, D. Nutrition and food security in Fort Severn, Ontario. Minister of Indian Affairs and 

Northern Development, Ottawa, Ont (2004). 

11Bonnier-Viger, Y., Dewailly, E., Egeland, G., Nieboer, E. & Pereg, D. Nituuchischaayihtitaau Aschii. Multi-

community Environment-and Health longitudinal study in IIyiyiu Aschii: Mistissini. Technical report: Summary of 

activities, results and recommendations. Montreal, QC: Cree Board of Health and Social Services of James Bay, 389 

(2007). 

12Ayotte, P., Fontaine, J., Martin, I., Nieboer, E. & Lejeune, P. Environmental contaminants in 

Nituuchischaayihtitaau Aschii multi-community environment and health longitudinal study in Eeyou Istchee: 

Eastmain and Wemindji technical report: Summary of 2007 activities, results and recommendations, ed. E. Nieboer, 

E. Robinson and K. Petrov, Cree Board of Health and Social Services of James Bay, Chisasibi, Québec, 102-162 

(2011). 

  



Table A1.2. Cross-study standardization matrix of community-by-species dietary importance 

values (%). 

Community Caribou Moose Bison  Goat Mountain 

sheep 

Beaver Hare Muskrat 

Fort Severn 41.91 7.07 0 0 0 0.49 4.14 0 

Mistissini 10.11 15.89 0 0 0 2.64 2.62 0 

Waswanipi 2.62 26.77 0 0 0 3.35 8.69 0 

Eastmain 5.31 15.61 0 0 0 4.6 4.81 0 

Waskaganish 7.51 14.59 0 0 0 3.37 4.45 0 

Chisasibi 9.72 6.33 0 0 0 2 3.21 0 

Whapmagoostui 17.44 2.23 0 0 0 1.32 0.57 0 

Wemindji 9.06 11.66 0 0 0 4.21 4.17 0 

Fort Providence 19.83 21.49 0 0 0 4.13 9.09 2.48 

Fort Good Hope & 

Colville Lake 

30.81 20.15 0 0 0 3.61 10.19 0 

Old Crow 62.6 7.61 0 0 0 0.34 4.68 1.72 

Fort Smith & Fort 

Chipewyan 

21.29 23.29 6.02 0 0 1.2 7.23 2.01 

Kangiqsujuaq 20.7 0 0 0 0 0 0 0 

Nunavik (Eastern 

Hudson Bay) 

28.68 0 0 0 0 0 0.04 0 

Nunavik (Hudson 

Strait)  

27.69 0 0 0 0 0 0.06 0 

Nunavik (Ungava 

Bay)  

34.89 0 0 0 0 0 0.07 0 

Kugaaruk 35.65 0 0 0 0 0 0 0 

Sanikiluaq 3.87 0 0 0 0 0 0.31 0 

Qikiqtarjuak 12.68 0 0 0 0 0 2.31 0 

Teslin 1.58 56.09 0 0.11 2.36 2.19 1.28 0 

Haines Junction 2.97 42.34 0.05 0 5.45 0.09 1.17 0.09 

 

  



Table A1.2. Continued. 

Community Arctic 

fox 

Lynx Ringed 

seal 

Bearded 

seal 

Narwhal Beluga Walrus Unspecified 

marine 

mammals 

Fort Severn 0 0 0 0 0 0 0 0 

Mistissini 0 0 0 0 0 0 0 0 

Waswanipi 0 0 0 0 0 0 0 0 

Eastmain 0 0 0 0 0 0 0 0 

Waskaganish 0 0 0 0 0 0 0 0 

Chisasibi 0 0 0 0 0 0 0 0 

Whapmagoostui 0 0 0 0 0 0 0 0 

Wemindji 0 0 0 0 0 0 0 0 

Fort Providence 0 0 0 0 0 0 0 0 

Fort Good Hope & 

Colville Lake 

0 0 0 0 0 0 0 0 

Old Crow 0 0.03 0 0 0 0 0 0 

Fort Smith & Fort 

Chipewyan 

0 0.4 0 0 0 0 0 0 

Kangiqsujuaq 0 0 11.35 1.26 0 0 0 7.65 

Nunavik (Eastern 

Hudson Bay) 

0.08 0 5.77 0.64 0 6.57 0.49 0.16 

Nunavik (Hudson 

Strait)  

0 0 4.56 0.51 0 24.18 0.75 0.23 

Nunavik (Ungava 

Bay)  

0 0 5.33 0.59 0 8.3 0.2 0.2 

Kugaaruk 0 0 0 0 0 0 0 8.49 

Sanikiluaq 0.1 0 12.75 2.61 0 2.72 1.15 0 

Qikiqtarjuak 0 0 21.61 7.49 11.24 7.2 12.97 0 

Teslin 0 0.11 0 0 0 0 0 0 

Haines Junction 0 0.09 0 0 0 0 0 0 

 

  



Table A1.2. Continued. 

Community Black 

bear 

Polar 

bear 

Grizzly 

bear 

Ground 

squirrel 

Porcupine Marmot Trout  Whitefish/Cisco 

Fort Severn 0 0 0 0 0 0 6.43 4.14 

Mistissini 6.46 0 0 0 0 0 7.1 3.57 

Waswanipi 7.96 0 0 0 0 0 2.48 1.4 

Eastmain 6.65 0 0 0 0 0 6.57 1.13 

Waskaganish 9.17 0 0 0 0 0 6.34 5.43 

Chisasibi 9.98 0 0 0 0 0 7.1 9.94 

Whapmagoostui 6.57 0 0 0 0 0 9.55 4.21 

Wemindji 6 0 0 0 0 0 6.47 5.49 

Fort Providence 0 0 0 0 0 0 4.13 17.36 

Fort Good Hope & 

Colville Lake 

0 0 0 0 0 0 2.32 21.54 

Old Crow 0.05 0 0 0.1 0.26 0 0 5.51 

Fort Smith & Fort 

Chipewyan 

0.4 0 0.4 0 0 0 2.41 13.25 

Kangiqsujuaq 0 0 0 0 0 0 0 0 

Nunavik (Eastern 

Hudson Bay) 

0 0.29 0 0 0 0 1.89 6.53 

Nunavik (Hudson 

Strait)  

0 0.17 0 0 0 0 0.35 0.69 

Nunavik (Ungava 

Bay)  

0 0.07 0 0 0 0 2.57 2.24 

Kugaaruk 0 3.06 0 0 0 0 0 6.79 

Sanikiluaq 0 0.31 0 0 0 0 0 6.06 

Qikiqtarjuak 0 4.61 0 0 0 0 0 0 

Teslin 0.22 0 0 0.28 0.36 0.33 5.8 10.21 

Haines Junction 0.09 0 0 8.02 0.05 0.05 3.69 3.96 

 

  



Table A1.2. Continued. 

Community Suckers Pike Burbot Grayling Walleye Goldeye Salmon Sturgeon 

Fort Severn 0 1.71 2.19 0 0.49 0 0 0 

Mistissini 4.17 2.97 3.98 0 3.75 0 0 1.38 

Waswanipi 1.47 2.41 0.28 0 6.07 0 0 2.51 

Eastmain 2.97 3.81 6.28 0 2.26 0 0 1.72 

Waskaganish 0 3.91 0.31 0 4.37 0 0 2.2 

Chisasibi 2.1 2.7 0.73 0 2.66 0 0 0.65 

Whapmagoostui 0.66 2.29 0.66 0 0.41 0 0 0.25 

Wemindji 3.36 3.06 0.72 0 3.79 0 0 1.74 

Fort Providence 0 0 8.26 0 0 0 0 0 

Fort Good Hope & 

Colville Lake 

0 0.23 2.34 0 0 0 0 0 

Old Crow 0.1 0.03 1.69 1.04 0 0 6.72 0 

Fort Smith & Fort 

Chipewyan 

0.8 3.61 0.4 0 3.61 0.8 0 0 

Kangiqsujuaq 0 0 0 0 0 0 0 0 

Nunavik (Eastern 

Hudson Bay) 

0 0 0 0 0 0 1.89 0 

Nunavik (Hudson 

Strait)  

0 0 0 0 0 0 0.35 0 

Nunavik (Ungava 

Bay)  

0 0 0 0 0 0 2.57 0 

Kugaaruk 0 0 0 0 0 0 0 0 

Sanikiluaq 0 0 0 0 0 0 0 0 

Qikiqtarjuak 0 0 0 0 0 0 0 0 

Teslin 0 0.44 0.58 1.5 0 0 11.66 0 

Haines Junction 0.32 0.32 0.9 1.71 0 0 19.77 0 

 

  



Table A1.2. Continued. 

Community Eulachon Arctic 

char/Dolly 

varden 

Cod Sculpin Unspecified 

fish 

Unspecified 

birds 

Ducks Geese 

Fort Severn 0 1.46 0 0 0 0 0 24.85 

Mistissini 0 0 0 0 6.21 0 11.45 11.45 

Waswanipi 0 0 0 0 5.02 0 6.84 12.04 

Eastmain 0 0 0 0 5.52 0 10.63 13.89 

Waskaganish 0 0 0 0 10.25 0 7.17 15.65 

Chisasibi 0 0 0 0 8.45 0 11.64 15.21 

Whapmagoostui 0 0 0 0 7.41 0 6.57 22.47 

Wemindji 0 0 0 0 12.98 0 6.94 14.17 

Fort Providence 0 0 0 0 0 0 0 0 

Fort Good Hope & 

Colville Lake 

0 0 0 0 0 0 7.88 0.46 

Old Crow 0.05 0.03 0 0 0 0.21 3.72 2.18 

Fort Smith & Fort 

Chipewyan 

0 0 0 0 0.4 0 5.22 2.01 

Kangiqsujuaq 0 22.06 0 0 0 0 0 9.25 

Nunavik (Eastern 

Hudson Bay) 

0 18.98 1.23 1.07 0 0.62 0 13.68 

Nunavik (Hudson 

Strait)  

0 16.7 0.35 2.07 0 0.17 0 7.89 

Nunavik (Ungava 

Bay)  

0 19.62 0.13 0.53 0 0.33 0 9.22 

Kugaaruk 0 46.01 0 0 0 0 0 0 

Sanikiluaq 0 9.4 3.55 3.03 0 1.88 11.81 12.43 

Qikiqtarjuak 0 6.34 0 0 0 1.44 2.31 1.15 

Teslin 0 0.5 0 0 0 0.22 1.75 0.5 

Haines Junction 0.54 0.23 0 0 0 0.09 3.69 0.27 

 

  



Table A1.2. Continued. 

Community Swan Ptarmigan/Grouse Clams Mussels Scallops Sea 

urchin 

Sea 

cucumber 

Fort Severn 0 5.12 0 0 0 0 0 

Mistissini 0 4.6 0 0 0 0 0 

Waswanipi 0 4.12 0 0 0 0 0 

Eastmain 0 4.06 0 0 0 0 0 

Waskaganish 0 3.2 0 0 0 0 0 

Chisasibi 0 4.36 0 0 0 0 0 

Whapmagoostui 0 12.63 0 0 0 0 0 

Wemindji 0 5.28 0 0 0 0 0 

Fort Providence 0 13.22 0 0 0 0 0 

Fort Good Hope & 

Colville Lake 

0 0.46 0 0 0 0 0 

Old Crow 0 0.83 0 0 0 0 0 

Fort Smith & Fort 

Chipewyan 

0.4 3.21 0 0 0 0 0 

Kangiqsujuaq 0 24.99 0 0 0 0 0 

Nunavik (Eastern 

Hudson Bay) 

0 5.79 0.08 2.71 0.04 0 0 

Nunavik (Hudson 

Strait)  

0 4.55 0.81 4.66 0.4 0 0 

Nunavik (Ungava Bay)  0 7.18 0.26 2.96 0.13 0 0 

Kugaaruk 0 0 0 0 0 0 0 

Sanikiluaq 0 0.31 0 9.93 0 9.09 8.67 

Qikiqtarjuak 0 2.59 2.88 3.17 0 0 0 

Teslin 0.03 1.19 0 0 0 0 0 

Haines Junction 0.09 3.96 0 0 0 0 0 

 

  

  



Table A1.3a. Pairwise community cultural relatedness measure ranging from a maximum value 

of 4 for community pairs sharing a cultural group, language family, and language (e.g., multiple 

Cree communities in Eeyou Istchee), to a minimum value of 1 for community pairs belonging to 

distinct cultural groups (e.g., Inuit and First Nations), and therefore distinct language families 

and languages. Community or region name abbreviations are: Fort Severn (FSe), Mistissini (MI), 

Waswanipi (WA), Eastmain (EA), Waskaganish (WK), Chisasibi (CH), Whapmagoostui (WH), 

Wemindji (WE), Teslin (TE), Haines Junction (HJ), Old Crow (OC), Fort Good Hope & Colville 

Lake (FGH & CL), Fort Providence (FP), Fort Smith & Fort Chipewyan (FSm & FC), 

Kangiqsujuaq (KA), Hudson Bay (HB, including Akulivik, Puvirnituq, Inukjuak, Umiujaq, 

Kuujjuarapik), Hudson Strait (HS, including Ivujivik, Salluit, Kangiqsujuaq, Quaqtaq), Ungava 

Bay (UB, including Kangirsuk, Aupaluk, Tasiujaq, Kuujjuaq, Kangiqsualujjuaq), Sanikiluaq 

(SN), Qikiqtarjuaq (QI), Kugaaruk (KR). 

 

  



Table A1.3b. Pairwise community ecological relatedness measure ranging from a maximum 

value of 3 for community pairs sharing a biome and ecoregion to a minimum value of 1 for 

community pairs differing in biomes. Community or region name abbreviations are: Fort Severn 

(FSe), Mistissini (MI), Waswanipi (WA), Eastmain (EA), Waskaganish (WK), Chisasibi (CH), 

Whapmagoostui (WH), Wemindji (WE), Teslin (TE), Haines Junction (HJ), Old Crow (OC), 

Fort Good Hope & Colville Lake (FGH & CL), Fort Providence (FP), Fort Smith & Fort 

Chipewyan (FSm & FC), Kangiqsujuaq (KA), Hudson Bay (HB, including Akulivik, Puvirnituq, 

Inukjuak, Umiujaq, Kuujjuarapik), Hudson Strait (HS, including Ivujivik, Salluit, Kangiqsujuaq, 

Quaqtaq), Ungava Bay (UB, including Kangirsuk, Aupaluk, Tasiujaq, Kuujjuaq, 

Kangiqsualujjuaq), Sanikiluaq (SN), Qikiqtarjuaq (QI), Kugaaruk (KR). 

 

  



Table A1.3c. Pairwise community geodesic distance (km) estimated using the central latitude and longitude coordinates of 

each community. Community or region name abbreviations are: Fort Severn (FSe), Mistissini (MI), Waswanipi (WA), 

Eastmain (EA), Waskaganish (WK), Chisasibi (CH), Whapmagoostui (WH), Wemindji (WE), Teslin (TE), Haines Junction 

(HJ), Old Crow (OC), Fort Good Hope & Colville Lake (FGH & CL), Fort Providence (FP), Fort Smith & Fort Chipewyan 

(FSm & FC), Kangiqsujuaq (KA), Hudson Bay (HB, including Akulivik, Puvirnituq, Inukjuak, Umiujaq, Kuujjuarapik), 

Hudson Strait (HS, including Ivujivik, Salluit, Kangiqsujuaq, Quaqtaq), Ungava Bay (UB, including Kangirsuk, Aupaluk, 

Tasiujaq, Kuujjuaq, Kangiqsualujjuaq), Sanikiluaq (SN), Qikiqtarjuaq (QI), Kugaaruk (KR). 

 

  



 

 

Fig. A1.1. Alternative measure of cultural relatedness used to assess whether conclusions are 

robust to inclusion of more and different levels of cultural and ecological differentiation. The 

cultural-linguistic terms and relationships used here are from the same source as the main 

analysis (Mithun 2001) but with more levels and groupings included here. The alternative 

ecological relatedness (ER) metric assigned ER = 1 for coastal vs. non-coastal communities, ER 

= 2 if coastal proximity was shared but biomes differed, ER = 3 if coastal proximity and biomes 

were shared but ecozones differed and were non-adjacent, ER = 4 if coastal proximity and 

biomes were shared and ecozones differed but were adjacent, and ER = 5 if coastal proximity, 

biomes, and ecozones were all shared. 

  



 

Fig. A1.2. Non-metric multidimensional scaling (NMDS) based on community-by-species 

standardized dietary importance matrix across 21 Indigenous communities or regional groups of 

communities and 45 species or groups of species. Communities are shown as black circles 

positioned along two NMDS axes of variation in the dietary importance of species consumed, 

with closer communities having more similar diets. Species are indicated as red vectors 

positioned according to how dietary importance of each species is correlated with each NMDS 

axis (longer vectors indicating stronger correlations). 

  



 

Fig. A1.3. Venn diagram summarizing variance partitioning of the predictive power of spatial 

distance combined with alternative measures of cultural and ecological relatedness. The 

alternative cultural relatedness metric is as presented in Fig. A1.1. The alternative ecological 

relatedness (ER) metric assigned ER = 1 for coastal vs. non-coastal communities, ER = 2 if 

coastal proximity was shared but biomes differed, ER = 3 if coastal proximity and biomes were 

shared but ecozones differed and were non-adjacent, ER = 4 if coastal proximity and biomes 

were shared and ecozones differed but were adjacent, and ER = 5 if coastal proximity, biomes, 

and ecozones were all shared. Despite both alternative metrics being more detailed than those 

presented in the main text, the variance partitioning analysis using these alternatives had less 

explanatory power (residual variation 38.5% vs. 30% for the analysis presented in the main text). 

At the same time, this alternative model reinforces the importance of culture as a predictor of 

diet similarity, with cultural relatedness contributing 59.5% of the 61.5% of the total variation 

explained by all three variables. The only predictive power not associated with cultural 

relatedness was 1.5% contributed independently by spatial distance and 0.5% contributed by a 

combination of ecological relatedness and spatial distance. 
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