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Abstract 
Traditional land-use studies display specific locations used and occupied by 
Indigenous Peoples in their ancestral lands to sustain their land-based live-
lihoods. Indigenous communities use these maps to reclaim their territories 
by demonstrating their current land-use and occupancy that extends vast 
distances beyond their reserves. To support the protection of ancestral terri-
tory against the threats of resource extraction by outsiders, we applied the 
density and hotspot mapping approaches to display the concentrated land use 
areas of 49 harvesters of Wasagamack First Nation in Manitoba, Canada. In 
contrast to the conventional land use mapping, which presents the land use 
areas as points or spots on the map, density and hotspot mapping shows areas 
of intensive land use and cultural significance. This paper reinforces Wasa-
gamack Anishininews’ view that their entire ancestral territory is sacred and 
vital to the Wasagamack First Nation and supports their case for their tradi-
tional territory’s self-governance. If integrated with Wasagamack Anishini-
news’ community development goals, the density and hotspot mapping ap-
proach can facilitate land use planning for sustainable conservation of im-
portant areas for the well-being of Wasagamack First Nation. 
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1. Introduction 

The United Nations Declaration on the Rights of Indigenous Peoples (UNDRIP) 
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has affirmed the rights of Indigenous Peoples for self-determination through 
self-government of their ancestral lands (United Nations, 2008). Indigenous 
Peoples’ relationship is deeply spiritual, with their land relationship, akin to 
kinship (Wilson, 2008; Collins & Thompson, 2017; Imbong, 2018; Simura & 
Mudimu, 2019; Thompson et al., 2019). Indigenous Peoples were bestowed by 
the Creator the responsibility to steward their ancestral land (Wilson, 2008). 
This land defines Indigenous identity and is the basis of Indigenous language, 
culture, ceremonies, and good life (Ballard et al., 2019; Joseph, 2018; McGregor, 
2018). Indigenous community members define the importance of their ancestral 
land in this paper, providing a counter-map that challenges the occupation of 
Indigenous territory by government and industry in Canada (McIlwraith & 
Cormier, 2016).  

In Manitoba, Canada, Mino Bimaadiziwin is the term used by Anishininew 
People in the Island Lake region to describe the practice of a good life in their 
mother tongue, Anishinimowin (Thompson et al., 2019). Anishininew Peoples 
consider every area in their territory to be sacred as prayers of their ancestors 
have occurred for thousands of years, on many occasions, including the harvest 
of wildlife (Thompson et al., 2019; Wojtuszewska, 2019). Oppositely, the tradi-
tional land/territory of the Anishinew to colonial governments has significance 
mainly for economic exploitation and boosting the Canadian economy. Thus, 
resource extraction on Indigenous lands typically benefits settler societies, but 
the negative impacts befell Indigenous Peoples living there (Tauli-Corpuz et al., 
2018; Thompson, Pritty, & Thapa, 2020; Zurba et al., 2019). 

To date, limited analysis of traditional land-use methods has occurred re-
garding modeling or analyzing land-use points (McIlwraith & Cormier, 2016). 
We modeled traditional Indigenous land use data in Island Lake, Manitoba, 
Canada, for 49 Wasagamack First Nation people, by using density and hotspot 
mapping. This challenges colonial governments’ underestimation of traditional 
land use areas from specific sites (Tobias, 2010) by expanding harvesting and 
cultural sites into the larger areas of hotspot and density maps. As Canadian 
law and policy has a colonial legacy, the conservation and use of ancestral ter-
ritory by Indigenous Peoples have received little attention in Canada (McGre-
gor, 2018; Thompson, Pritty, & Thapa, 2020; Zurba et al., 2019). Canadian gov-
ernments have used mapping as a tool to colonize Indigenous Peoples. Howev-
er, participatory mapping with Indigenous Peoples integrates Indigenous land 
use and occupancy into the GIS mapping approach. These participatory maps 
provide a valuable tool to protect Indigenous culture, language, and territories 
(Wojtuszewska, 2019). 

This paper explores traditional land use mapping literature to discover its role 
in Indigenous land claims and its potential in environmental impact assessment 
against resource extraction on ancestral land. A historical context of Canada’s 
Treaties and the Indian Act is then discussed regarding their role in limiting In-
digenous land access. The need for land based reconciliation is argued. The me-
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thod outlines point data is mapped according to the intensity and concentration 
of use, to create different theme maps. This approach to traditional land use 
mapping challenges colonial governments’ underestimation of traditional land 
use by individual points (Tobias, 2010) by applying modeling to expand har-
vesting and cultural sites into hotspot and density maps. In the discussion sec-
tion, we ask how traditional land use mapping and this analysis can further 
land-based reconciliation and decolonization in Canada. Finally, we consider 
whether modeling Indigenous traditional land use offers a meaningful scientific 
way to apply traditional land use mapping points for defending territory, after 
discussing policies required to decolonize the land.  

1.1. Traditional Land Use Studies 

Traditional land-use studies are used by Indigenous communities to map their 
story of the use of land and resources in their traditional territory (Olson et al., 
2016). Canadian governments have used mapping to make Indigenous Peoples' 
stories and land invisible on maps by redefining traditional territories with sett-
ler names, towns, and industries. In empire-building, maps became tools of 
conquest. However, integrating Indigenous land use and occupancy into the GIS 
mapping approach has been applied to protect Indigenous culture, language, and 
territories (Wojtuszewska, 2019). These land-use and occupancy studies coun-
ter-map Indigenous territory to contest settler or industrial development in the 
court system (Freeman, 2011; McIlwraith & Cormier, 2016). In the Inuit Land 
Use and Occupancy Project, Inuit used mapping to reclaim sovereignty of the 
Northwest Territories through comprehensive land claims (Freeman, 2011). 
With the integration of Indigenous community members’ experiences, tradi-
tional land use studies show the land’s significance for local people’s livelihoods 
and culture to protect against the threat of unwanted development (McIlwraith 
& Cormier, 2016).  

Different studies have provided some limited analysis and modeling of Indi-
genous harvest and cultural sites. Thompson, Pritty and Thapa (2020) used land 
use data from 30 harvesters and the trapline administrative area and a radius of 
14.25 km around moose hunt sites to estimate the foodshed area for Garden Hill 
First Nation. A similar foodshed analysis was carried out for Wasasgamack First 
Nation with the data from 49 harvesters (Thompson, Thapa, & Whiteway, 2019; 
Thompson, Harper, & Whiteway, 2020). In 34 Inuit communities in the North-
west Territories and northern Yukon, the Inuit Land Use and Occupancy project 
prepared individual map biographies and composite maps to map areas for 
hunting, trapping, fishing, camping, ceremonial sites, burial grounds, and other 
areas of historical significance (Freeman, 2011). In the Ouje-Bougoumou Cree 
communities in James Bay, Quebec, Tsuji et al. (2007) prepared 14 intensity 
maps and sites of concern, 11 thematic harvesting and gathering maps, and three 
categories of traplines maps. These three categories were differentiated by settler 
impacts, including: category one traplines, having no contaminants from min-
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ing; category two traplines, having likely contact to contaminants; and category 
three traplines, having contamination. In northern Canada, Deh Cho First Na-
tions applied density modeling to land use and occupancy data of 386 land users. 
These First Nations then negotiated with the Federal government that their an-
cestral lands be legally protected from resource extraction and recognized as Deh 
Cho territory (Norwegian & Cizek, 2004). Berkes et al. (1995) prepared point 
maps of land use of the Omushkego Cree communities of the Mushkegowuk re-
gion in northern Ontario. These maps estimated the communities used around 
250,000 square kilometers (sq·km) of the Omushkegowuk traditional territory to 
fish and hunt geese, caribou, and moose. Counter-mapping and analyzing find-
ings from traditional land use studies can decolonize Indigenous territories and 
prioritize Indigenous territories for Indigenous-led protection and sustainable 
use (Olson et al., 2016).  

1.2. Colonial Historical Context 

The historical context of Indigenous land explains the importance of mapping 
ancestral lands for traditional land use and cultural sites. These maps may be-
come the subject of court battles over land, development, and Indigenous rights. 
This section considers the impact of treaties and the role of reconciliation on 
land.  

1.2.1. Treaties and Land 
Before colonization, Indigenous Peoples lived on Turtle Island1 as sovereign 
nations with territories, languages, cultures, spirituality, and institutions (Jo-
seph, 2018). Then the British Crown negotiated access to Indigenous land and 
territories to expand their colony onto Turtle Island by signing Treaties with 
Indigenous nations (Indian and Northern Affairs Canada, 1969; Tully, 1999). 
These Treaties on Turtle Island all promised that Indigenous traditional pur-
suits in their land and water were to continue “as long as the sun shines, rises, 
and rivers flow” (Mercredi, 2012: p. 2). However, following the signing, the 
Canadian government’s interpretation of these Treaties was one-sided and has 
not included Indigenous perspectives, legal tradition, and oral history (Craft, 
2011).  

Canada has taken the position that Indigenous Nations ceded their land. 
Canada was taking a similar position in the peace and friendship Treaties before 
the courts proved them wrong. Canada continues to assert the same for the 
numbered Treaties. Oppositely, the view of Indigenous Peoples is they agreed in 
the Treaties to share some of their lands with settlers and did not cede the land 
or their governance (Borrows & Rotman, 2018). Indigenous Peoples have a na-
tion-to-nation relationship with Canada as defined by the Royal Proclamation of 
1763 and historic Treaties (Canada Royal Commission on Aboriginal Peoples, 
1996a; Truth and Reconciliation Commission of Canada, 2015; Tully, 1999), 
which they retain. So, although the Canadian governments still refute Indigen-

 

 

1Turtle Island is used to refer to present-day North America. 
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ous sovereignty in Canada, Indigenous Peoples remain sovereign nations on 
Turtle Island. 

Settler governments broke the Treaty promises to maximize their land, 
riches, and power, waging cultural genocide to assimilate Indigenous Peoples 
into the settler culture and governance (Palmater, 2019). To control Indigen-
ous lands and territories, Canada enforced the Indian Act in 1876, requiring a 
pass for Indigenous Peoples to go off their reserve and making Indigenous 
Peoples wards of the state (Joseph, 2018). The Indian Act confined Indigenous 
Peoples into tiny and unproductive areas called Indian reserves to open up 
their lands for settlement and development by the Indian Act (Joseph, 2018). 
The Indian Act outlawed Indigenous languages, ceremonies, and laws (Thapa, 
2018). Residential schools and churches were some of the many colonial insti-
tutions that applied assimilation policies to undermine Indigenous language, 
culture, and governance (Borrows & Rotman, 2018; Truth and Reconciliation 
Commission of Canada, 2015). The Indian Act still controls the sovereignty, 
self-government, and self-determination of First Nations (Borrows & Rotman, 
2018).  

The Canadian governments favor the welfare of settlers, who are “re-
source-hungry”, and neglect the rights of Indigenous Peoples who have used, 
occupied, and protected their ancestral territory in their ways (Booth & Skelton, 
2004: p. 80). Colonial institutions are still applying assimilation policies, includ-
ing the present-day Canadian government officials. They are “legally responsi-
ble” for providing services to Indigenous Peoples living on-reserve, even though 
Indigenous Peoples continue to resist (Palmater, 2019). Indigenous Peoples re-
main on their lands rather than being assimilated but need recognition of their 
rights to the land to reclaim Indigenous sovereignty (Ballard et al., 2019; 
Thompson et al., 2019; Thompson, Pritty, & Thapa, 2020). Canada’s assimilation 
policies displace Indigenous Peoples from their traditional territories rather than 
provide services and infrastructures for their Mino Bimaadiziwin (Jane et al., 
2018; Palmater, 2019).  

Indigenous Peoples in Canada have a “right of governmental autonomy” as 
occurred before colonialism, and Canadian governments must recognize their 
“authority” (Canada Royal Commission on Aboriginal Peoples, 1996b: p. 1). Al-
though Canada ratified UNDRIP in 2016, Canada was one of the last to sign. By 
signing UNDRIP, Canada acknowledges that Indigenous Peoples in Canada 
have rights to self-determination, rights to self-government, and rights to their 
traditional territory (Government of Canada, 2017; United Nations, 2008).  

1.2.2. Reconciliation and Land 
Recently in the early twenty-first century, Canada acknowledged the harms 
and mistakes of colonialism and committed to engaging in a positive process 
of truth-telling, healing, and reconciliation (Truth and Reconciliation Com-
mission of Canada, 2015). Reconciliation is a process that focuses on streng-
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thening the relationships between settlers and Indigenous Peoples in Canada 
(Truth and Reconciliation Commission of Canada, 2015). The Canadian gov-
ernment has formally shown its commitment to reconciliation with Indigen-
ous Peoples in different platforms. A recent one is a document entitled “Prin-
ciples Respecting the Government of Canada’s Relationship with Indigenous 
Peoples”: 

The government of Canada is committed to achieving reconciliation with Indi-
genous [P]eoples through a renewed, nation-to-nation, government-to-government, 
and Inuit-Crown relationship based on recognition of rights, respect, co-operation, 
and partnership as the foundation for transformative change (Department of 
Justice Canada, 2018: p. 3).  

Despite the Canadian governments’ statements on reconciliation and UNDRIP 
regarding Indigenous rights to their lands and territories, Canada exploits Indi-
genous territories. It denies First Nations governance and self-determination, in 
practice. Canada prioritizes the unsustainable development of oil, natural gas, hy-
dropower dams, and mining to provide a resource-based Canadian economy 
(National Energy Board, 2018). With this focus on resource exploitation of In-
digenous territories, such as the Athabasca region, as well as Northern Manito-
ba’s watersheds, Canada colonizes Indigenous land as a “resource extraction 
zone” (Joly et al., 2018: p. 336).  

Canadian legislation facilitates the exploitation of large areas of pristine Indi-
genous land and water for settlers’ priorities. In the Province of Manitoba, for 
example, through some strategic laws such as the Mining and Minerals Act 
(1991), the Crown Land Act (1987), and The Planning Act (2005), the Manitoba 
government controls Indigenous lands and territory (The Crown Lands Act, 
1987; The Mines and Minerals Act, 1991; The Planning Act, 2005). Manitoba 
government permits mineral exploration or quarry withdrawal in Indigenous 
territories (The Mines and Minerals Act, 1991). Manitoba’s Provincial Planning 
Regulation, also called the Regulation 81/2011, considers mining and mineral 
extraction activities to be the best use of greenstone belt land (The Planning Act, 
Provincial Planning Regulation, 2011), which effectively undermines land-based 
reconciliation. Wasagamack First Nation is struggling to fight against mining in 
the greenstone belts in their territory. 

1.3. Wasagamack First Nation 

Located around the northwestern shore of Island Lake, Wasagamack is one of 
the four Anishininew communities (Figure 1) in northeastern Manitoba, Cana-
da (Reynar & Matties, 2015). Wasagamack Anishiniwuk speak Anishinimowin, 
which is their mother tongue. Nora Whiteway, an Elder, explained Wasagamack 
means “the land with bays” in Anishinimowin. Wasagamack does not have di-
rect road access to other communities except through ice roads during winter. 
The ancestral territory of the Wasagamack Anishiniwuk is vast; however, due to 
the colonial laws, the Wasagamack First Nation community members are living  
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Figure 1. Map of Wasagamack First Nation reserve and other First Nation reserves in Island Lake. 

 
in a small and densely populated reserve (Thompson et al., 2019). The reserve 
spans 80.91 square kilometers and is now home to a 1405 Anishiniwuk with 285 
houses (StatsCanada, 2017). The majority of the houses (225) were sin-
gle-detached; the average household size of 4.9 showed overcrowding compared 
to the provincial average of 2.5 and the national average of 2.4 (StatsCanada, 
2017).  

Wasagamack was in the Keewatin District of the North West Territories be-
fore Manitoba formed in 1870 until Manitoba’s expansion in 1905 (Library and 
Archives Canada, 2015). As part of Island Lake Band, Wasagamack became a 
signatory to an Adhesion to Treaty Five on August 13, 1909 (Indian and North-
ern Affairs Canada, 1969; Wasagamack First Nation, 2010). During the Treaty 
signing, the Island Lake Band was represented by Chief George Knott and 
Councilors Joseph Linklater and John Mason. The Crown was represented by 
Commissioner John Semmens and witnesses H. S. Stead, Bertha Stead, Barbara 
Ross, Charles B. Isbester, C. Cunningham, WM. M. McEwen, Walter Ross, and 
Alex H. Cunningham (Indian and Northern Affairs Canada, 1969). As per the 
Treaty, the Crown’s primary obligations to Island Lake Anishiniwuk were to 
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provide adequate lands, ensure local schools for education, ensure hunting and 
fishing rights in their ancestral territory, provide tools for gardening, and com-
pensate Anishiniwuk for their lands if they share:  

Provide 160 acres of land for a family of five or in the proportion for larger or 
smaller families, … maintain schools for instruction in reserve, … pay gratuity 
of five dollars in cash per person in extinguishment of all claims, … pay five 
dollars annuity per head, … [continue] right to pursue hunting and fishing 
throughout the tract [that is unoccupied], … pay sum of five hundred dollars per 
annum every year in the purchase of ammunition, and twine for nets, supply 
farming and gardening tools [that includes two hoes, one scythe, one axe and 
one spade per family; one plough for every ten families; five harrows for every 
twenty families; and one cross-cut saw, one hand-saw, one pit-saw, the necessary 
files, one grindstone, and one auger for each band], and compensate for the val-
ue of any improvements on the reserves (Indian and Northern Affairs Canada, 
1969: para 13, 16, 17, 19, 20, 23, & 24).  

The Island Lake Band included four reserves: Wasagamack, Garden Hill, St. 
Theresa Point, and Red Sucker Lake. Before the Treaty, the Island Lake commu-
nity lived on Linklater Island, also known as Old Post (Wasagamack First Na-
tion, 2010). Victor Harper, an Elder of Wasagamack First Nation, shared that, 
after the Treaty was signed, the Dominion of Canada told the community to re-
locate to an Island Lake area suitable for farming and raising livestock (Fallding, 
2010). In 1913, the community’s eleven families moved to the Wasagamack re-
serves (Wasagamack First Nation, 2010) along the edge of Island Lake to easily 
access the location’s clean drinking water (Fallding, 2010). In 1969, the Island 
Lake Band got divided into four First Nation communities, each with its Chief 
and Councilors (Fallding, 2010). Victor Harper, an Elder from Wasagamack 
First Nation, shared that the key reason for the divide was Christianity (Fallding, 
2010); a secondary, yet equally significant, reason was to clear Linklater Island 
for mining.  

2. Methodology 
2.1. Research Approach 

The mapping data and interviews were conducted in partnership with Wasaga-
mack First Nation. The funding was from the Social Science and Humanity Re-
search Council (SSHRC) research grant “The Good Life through Indigenous 
Community Development: Sustainable Development Planning to Build Com-
munity Assets in Island Lake First Nation Communities” and the Mino Bimaa-
diziwin Partnership. Wasagamack First Nation was one of the three community 
sites in Island Lake, Manitoba, in the project. The land use maps were published 
in the Journal of Agricultural Food Security and Community Development 
(Thompson et al., 2019) and a community book (Thompson, Harper, & White-
way, 2020). 

The research approach was collaborative to ensure that Anishiniwuks’ know-
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ledge and needs guided the research. The project had emerged from community 
Elders wanting to generate evidence of the use and occupancy of ancestral terri-
tory by Wasagamack First Nation. The project outputs contribute to re-assert 
Wasagamack Anishiniwuks’ inherent rights to their ancestral land and territory. 
The research team, led by Victor Harper on the community-side and Dr. 
Thompson on the university-side, had various meetings with Wasagamack First 
Nation Chief and Council and Elders. Community coordinators were identified 
from the initial meetings. The community coordinators were informed about the 
research and how it would contribute to regaining Anishiniwuks’ rights to lands 
and self-determination. We frequently met frequently to plan how to document 
their land-use and later share the maps and analysis to get their feedback. The 
lead author joined the team in the fall of 2016; most of the land use documenta-
tion with community members was complete by that time.  

This research followed Indigenous ethical principles of Ownership, Control, 
Access, and Possession (OCAP) of the research data with Wasagamack First Na-
tion. The Wasagamack First Nation community members, through their Chief 
and Council, have ownership and control over the research data. We have pro-
vided all copies of maps and the database to the Chief and Council through hard 
drives. We are committed to ensuring the “relational accountability” as rein-
forced by Wilson (2008: p. 99). To ensure relational accountability in an Indi-
genous research paradigm, Wilson emphasizes that research with Indigenous 
communities needs to be relevant to the communities. The researchers should 
also regard community culture and protocol, demonstrate reciprocity, and be 
responsible for their action and research findings. Besides community approval, 
this research got approval from the University of Manitoba’s Joint Faculty Re-
search Ethics Board. We acknowledge community members’ contributions in 
this research by disclosing their names to acknowledge their knowledge sharing 
and guidance. Naming community members in research acknowledges their 
contribution, as endorsed by Indigenous scholars (Kovach, 2009; Lambert, 2014; 
Smith, 2001; Wilson, 2008). Being non-Indigenous to this Turtle Island, we are 
co-synthesizing knowledge with community members to share with researchers 
and policymakers to contribute to decolonize Canada and support Wasagamack 
First Nation’s vision of regaining self-sufficiency and self-government.  

2.2. Land Use Documentation 

The mapping process began in 2013 with a 60-hour long “First Nation 
Use-and-Occupancy Map Survey Workshop: Research Design and Introduction 
for Interviewers.” Community coordinators from Wasagamack, Garden Hill, 
and Red Sucker Lake First Nations and researchers from the University of Ma-
nitoba participated in this workshop. This workshop developed the land use 
training manual based on community coordinators’ decisions about questions 
and methods best for their communities. The workshop also then taught the 
community coordinators to lead the process in their community. This workshop 
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also practiced using the base maps for land use documentation and interview 
community members. 

Elder Victor Harper and Elder Norah Whiteway provided guidance and lea-
dership to Johnathan Harper and the University of Manitoba researchers, Dr. 
Thompson, and students. In total, 49 Wasagamack community members indi-
vidually were interviewed about where they undertook traditional activities in 
their traditional territory. Those activities were categorized into seven themes: 
fishing, trapping, cultural activities, hunting, overnight stay, plant and earth 
material collection, and birds and eggs harvesting. Interviews with each individ-
ual took 3 - 4 hours. With an Elder, the research team asked questions and 
marked the location as pointed by the Elder on the map. The research team 
asked community members questions, which they answered by stories and 
marking harvest and cultural sites on maps. We used a topographic base map of 
the Island Lake region to mark the locations during the interviews. The Chief 
and Council and community Elders suggested for the selection of community 
members for interviews.  

2.3. Analysis of Land Use Locations 

The land use locations and the land use types were then entered into excel files 
to analyze in ArcGIS. Summary of land use maps and thematic land use maps 
were previously published (Thompson et al., 2019; Thompson, Harper, & Whi-
teway, 2020). This paper uses the land use data to analyze the density and hots-
pots for concentrated land use areas of the 49 harvesters. In ArcGIS online, us-
ing the default parameters, we conducted hotspot and density analyses to pre-
pare density maps and hotspot maps of each of the seven thematic land uses and 
complete land use. The layers generated after the analysis were exported into 
shape files to import into the ArcGIS desktop version 10.4.1 (North American 
Datum 1983 (NAD83) Universal Transverse Mercator (UTM) Zone 14 projec-
tion system) for preparing customized maps.  

2.3.1. Density Mapping  
Density mapping provides a variable’s spatial relationship over the landscape by 
showing the concentration of points or lines per square unit (ESRI, 2016). We 
used density mapping to pinpoint the concentration of land uses in the territory 
of Wasagamack First Nation. The variable, in this case, was the location of land 
use. Density mapping tools offer line, point, and kernel density functions (CEHI, 
2018b).  

We used kernel density mapping, which overlays the pattern of changing 
landscapes from point or line locations (Shafabakhsh et al., 2017). The kernel 
function creates regular density areas from point data in raster form, allowing 
for hotspot analysis and interpolation (Krisp et al., 2009). Kernel density maps 
show circular areas around each feature point to indicate density, such as land 
use location, by applying the kernel function to each observation (Shafabakhsh 
et al., 2017). The mathematical equation of kernel density is: 
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where h is the bandwidth, di is the distance of the variable from the center in the 
bandwidth, K is the function of the kernel density, n is the number of observa-
tions (Shafabakhsh et al., 2017). 

2.3.2. Hotspot Mapping  
Hotspot mapping assesses whether the distribution of the land use spot was 
random or significant. The null (H0) and alternative (H1) hypotheses were: 

H0: At a 95% level of confidence, the distribution of overall and specific land 
use of 49 Wasagamack community members in their traditional territory was 
random, i.e., the hotspots were non-significant. 

H1: At a 95% level of confidence, the distribution was significant, i.e., signifi-
cant hotspots.  

Unlike density mapping, hotspot analysis provides information about the lo-
cations that are statistically significant, such as hot and cold spots (CEHI, 2018a; 
Krisp et al., 2009). The importance of hotspot mapping over density mapping is 
that density mapping only provides information about the clustering of the 
points or locations but not whether the clustering is statistically significant 
(CEHI, 2018a). Hotspot analysis maps the clusters based on the Getis-Ord GI* 
function and calculation of kernel density (Prasannakumar et al., 2011). Hotspot 
mapping uses Z-scores and P-values to indicate if the clustering is a significant 
hotspot (Prasannakumar et al., 2011). For example, a high Z-score and small 
P-value show a significant hotspot (Prasannakumar et al., 2011). The mathemat-
ical equation of the hotspot function is: 
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where “Wij (d)” is a spatial weight vector with values for all cells “j” within a dis-
tance “d” of target cell “i”; *

iW  is the sum of weights; 
1

*
i

S  is the sum of 
squared weights; and s* is the standard deviation of the data in the cells (Prasan-
nakumar et al., 2011).  

3. Results 
3.1. Land Use Density Maps of Wasagamack Anishiniwuk 

Figure 2 and Figure 3, respectively, illustrate the overall land use density map 
and thematic density maps of 49 Wasagamack community members. The densi-
ty value is for different land-use themes as the minimum and maximum values 
for each land use per 100 sq·km. The overall density map shows high land use 
density around Stevenson Lake, Pelican Lake, Bigstone Lake, Gunisao River, 
Bennett Lake, Makwa Lake, Knight Lake, Stevenson River (Matawkamang), 
Willow Lake, Fairy Rock Lake, Mainland River, Kitchi Lake, Muskwa Lake, Kal-
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liecahoolie Lake, Amos Lake, and Joint River. The density values in these areas 
ranged from 575 to 950 land-use sites per 100 sq·km area. The different thematic 
land use density maps (Figure 3) show a similar land use pattern with the over-
all land use density map, except birds and eggs harvesting. Land use density of 
birds and eggs harvesting is much distinct in Kalliecahoolie Lake, Stevenson 
Lake, Stevenson River, and Bennett Lake. 

3.2. Land Use Hotspot Maps of Wasagamack Anishiniwuk 

Figure 4 and Figure 5, respectively, show the overall hotspot map and thematic 
hotspot maps of 49 Wasagamack community members. The hotspot map indi-
cates whether the overall (combining all land uses) land use concentrations 
were random (null hypothesis) or significant (alternative hypothesis). We iden-
tified 1110 hotspots, and each hotspot has an area of 2 sq·km. These hotspots 
represent a minimum of one harvest or site to a maximum of 86. As each hots-
pot area is two sq·km, a hotspot with a single land use location can be statisti-
cally significant due to the clustering of the location with others in the adjoin-
ing hotspots.  
 

 
Figure 2. Overall land use density of 49 harvesters of Wasagamack First Nation. 
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Figure 3. Thematic land use density of 49 harvesters of Wasagamack First Nation. 
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Figure 4. Land use hotspots of 49 harvesters of Wasagamack First Nation. 

 
Overall, land use hotspot analysis showed 149 significant hotspots at the 99% 

confidence level, 36 significant hotspots at 95% confidence level, and 11 hotspots 
at a 90% confidence level. We observed the statistically significant land use hots-
pots in and around Bennett Lake, Gunisao River, Makwa Lake, the area north of 
Makwa Lake and Namaykosogun Lake, as well as the areas of Mahingun Lake, 
Kaneesotik Lake, Wakun Lake, Stevenson River, Jack Lake, Deer Rapids, Strip 
Rapids, Wapaskank Narrows, Willow Lake, Kitchi Lake, Joseph Sinclair Lake, 
Namaykos Lake, and Kiask Lake. Hotspots were significant at the 95% confidence 
level for fishing, trapping, hunting, bird/egg harvesting, and habitation, meaning 
that land uses are statistically significantly more concentrated in these areas. Statis-
tically significant land use hotspots for fishing, trapping, and overnight stays ob-
served in Bennett Lake, Gunisao River, and Makwa Lake for the 49 community 
members interviewed. Statistically significant hotspots for hunting were observed 
in Bigstone Lake, Stevenson River, and Oseepapkosik River; and for bird hunting 
and egg gathering, statistically significant hotspots were observed in, Kalliecahoo-
lie Lake, Joseph Sinclair Lake, Namaykos Lake, and Kiask Lake. 
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Figure 5. Thematic land use and land use hotspots of 49 harvesters of Wasagamack First Na. 
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4. Discussion 

The density and hotspot maps provide a synopsis of the traditional territory and 
land use of 49 Wasagamack community members, by the intensity of uses. Den-
sity maps identified some areas in the traditional territory where the food har-
vesting and other land uses of 49 community members are concentrated. The 
land with higher land use densities are areas that community members priori-
tized in planning exercises for protection against mining exploration and extrac-
tion, hydropower construction, road construction, and other developmental 
threats. These are not the only sacred and well-used areas of the 49 community 
members used and occupied for their sustenance; they have walked, camped, 
feasted, and traveled vast distances beyond those areas through canoeing, dog 
sled, and snowshoeing. The actual land use and occupancy areas are much larger 
than documented and analyzed by the geographical information system (GIS) 
based approaches (Berkes et al., 1995; Thompson et al., 2019). Many indigenous 
leaders heavily criticize the limitations of only using GIS in understanding the 
Indigenous land use system without Indigenous viewpoints (McIlwraith & Cor-
mier, 2016). 

Hotspot maps confirmed statistically significant land use areas. Statistical sig-
nificance of land use depicts the clustering of land-use points is neither random 
nor by chance. Governments and non-Indigenous Peoples in Canada may think 
that Wasagamack Anishiniwuks are only using the land within the reserve area, 
so the land outside the reserve can be subject to government-led or approved 
development for the benefits of settler societies. However, the land use density 
and hotspot maps reinforce that Wasagamack Anishiniwuks used and occupied 
their entire traditional territory, many kilometers from the reserve, to fulfill their 
food, shelter, and cultural needs (Thompson, Thapa, & Whiteway, 2019). This 
analysis rejects the colonial thought of occupying no man’s land for the 
well-being of settler societies. The hotspot maps can support decision-making by 
Wasagamack First Nation to prioritize resource investment to protect their ter-
ritory. For example, Wasagamack Chief and Council can prioritize its financial 
and human resources to minimize the threats against mining, hydro, logging, 
and infrastructure development on the land use hotspots. Wasagamack Chief 
and Council ultimately will focus on their priorities, but this land use data can 
help visualize the land-use.  

Mainstream research in biodiversity and natural resources management in-
terpret hotspots as the critical areas requiring governments to protect for species 
and their habitats in and around the significant hotspots (Cleasby et al., 2020; 
Gjerde et al., 2007; Naha et al., 2019), including against Indigenous occupancy. 
Usually, such recommendations are employed by the state and industry to work 
against the self-government of the land by Indigenous Peoples, thereby disrupt-
ing livelihoods and cultural continuity. Most of this mainstream science and 
management research is positivist and does not consider the colonial context 
and its research benefits in the research design and analysis. However, density 
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and hotpot mapping of the land use of Wasagamack First Nation, including land 
use of many community members, can be used by Wasagamack First Nation to 
negotiate its ancestral territory for community protection and sustainable use 
(Norwegian & Cizek, 2004). Rather than serving only the colonial government’s 
interests, this research worked with the Indigenous People to document their 
land use to support their interests. The focus contrasts with the usual density 
and hotspot mapping studies that promote states’ role in controlling the biodi-
versity hotspots. This paper uses the density and hotspot mapping approach to 
support the Wasagamack First Nation’s goal of protecting their ancestral terri-
tory against developmental threats.  

We interpret density and hotspots as significant areas for ensuring the food 
security and well-being of Indigenous communities. These ancestral lands were 
often priorities for preservation by the local community for future generations 
(Thompson et al., 2019). This research reinforces the significance of self-government 
and self-determination by Wasagamack First Nation to prioritize the protection of 
land and resources for community economic development (McIlwraith & Cor-
mier, 2016; Palmater, 2019). We respect Wasagamack First Nation’s right to 
self-determine their lands and territories. We also emphasize the significance of 
Elders and community members’ knowledge and experience to plan and protect 
their land and territory. Developers and planners cannot wrongly interpret that 
the hotspot or density areas are the only places people use or the only land that 
needs community-led protection. Instead, the community views the entire area 
as sacred and needs protection against resource extraction and wants to sustain the 
wild food-based food system of Wasagamack First Nation. This analysis results 
from only a small sample of the population; thus, the findings cannot be genera-
lized to the entire community. We also advise developers and planners not to use 
these maps to exploit Indigenous lands and resources. These maps are static and 
did not fully incorporate all the harvesters’ data (McIlwraith & Cormier, 2016). 

Indigenous landscapes are holistically connected rather than isolated spaces, 
as shown in a GIS map (McIlwraith & Cormier, 2016). Sharon Mason, past chief 
of Wasagamack First Nation, described,  

“Our DNA is in the land. We have got our people buried all over our tradi-
tional territory. And their DNA becomes part of the land … We weren’t just in 
one spot until we were put on that one spot [reserve].” Irrespective of the statis-
tical significance of land use hotspots, Sharon’s perspective emphasizes an inti-
mate and spiritual connection of Wasagamack community members with their 
land and territory. This connection to land reinforces Indigenous philosophies 
of land and ancestral territories and justifies land protection by Indigenous 
communities used and occupied for generations (Tauli-Corpuz et al., 2018).  

The entire ancestral land and territory of Indigenous peoples have cultural 
and sacred significance to the community and warrant protection (Joly et al., 
2018). Lands that appear unoccupied in the maps could hold a community 
member’s secret kept for fear of further colonization attempts by the govern-
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ments (Joly et al., 2018). Also, GIS mapping guided by the positivist research 
paradigm that focuses on a sample due to the limited research time and budget 
and generalizes the meaning for the entire population cannot adequately reflect 
how Indigenous Peoples used and occupied their territories. Integration of 
community members’ perspective, such as that of Sharon, shows the significance 
of the ecological and cultural integrity of the ancestral land and territory of Wa-
sagamack First Nation as their stories and experiences are much powerful than 
what can be presented in a GIS map. Mapping Indigenous territories become 
significant and meaningful to the respective Indigenous community/nation 
when the needs and interest of Indigenous communities guide the mapping 
process (Wojtuszewska, 2019). This research reinforces that the protection of the 
ecological and cultural integrity of the ancestral land and territory of Wasaga-
mack First Nation requires the self-government and self-determination of Wa-
sagamack First Nation at the scale of foodshed or watershed and collaborations 
among Indigenous nations. 

Policy Implication 

Protection of Indigenous land and waterbodies against industries and outsiders’ 
development should be a key priority of the Manitoba government (Manitoba 
Indigenous and Northern Relations, 2018). At the federal and provincial levels, 
Canadian governments need to fully implement UNDRIP that the governments 
have ratified (Metis National Council, 2016; The Path to Reconciliation Act, 
2016). So far, Canadian governments have failed to ensure self-determination 
and self-government of Indigenous Peoples in Canada adequately. For example, 
Lake Manitoba’s 2011 artificial flooding reveals the Canadian governments’ lack 
of commitment to securing Indigenous communities’ inherent and livelihood 
rights. The displacement of Lake St. Martin First Nation from their reserve and 
territories in northern Manitoba symbolizes how the province undermined First 
Nation livelihoods by prioritizing settler development (Thompson et al., 2013). 
The underfunding of water infrastructure to meet the immediate needs of many 
First Nations in Canada, such as Garden Hill First Nation in Manitoba, reflects 
the unaccountability of Canadian governments to fulfill their obligation to 
meeting the fundamental human rights for Indigenous Peoples (Elash & Walker, 
2019; Palmater, 2019; Thompson, Bonnycastle, & Hill, 2020). The continuation 
of resource extraction activities and pipelines in the Indigenous lands during the 
COVID 19 pandemic, which brought disease to these areas, shows how indus-
tries supported by government policy sacrifice Indigenous Peoples and their 
lands.  

Conventional management approaches, such as the protected area approach 
or the resource development approach, do not address Indigenous communities’ 
socio-cultural needs. Their worldview is against the Indigenous Peoples’ view 
that ancestral land is sacred. Resource development in Indigenous territories 
would reduce biodiversity and peoples’ access to lands (Jojola, 2013; Palmater, 
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2019), thereby increasing risks of food scarcity, resource use conflict, and dese-
cration of spiritual areas—overall, a picture of injustice (Tauli-Corpuz et al., 
2018). Similarly, a protected area approach, unless carefully undertaken and de-
volved to First Nations, would reduce access to resources needed by First Nation 
communities and their role as stewards of the land (Zurba et al., 2019). Canada 
and Manitoba can learn from countries like Nepal to effectively design conserva-
tion areas and watersheds protected by community institutions and their gover-
nance mechanisms. These community-based conservation models refute the 
Eurocentric theory of the “tragedy of the commons” (Chaudhary et al., 2015) 
that still influences conservation programs in Europe and North America.  

Community-based models and approaches contribute to local communities’ 
ability to live a good life (i.e., Mino Bimaadiziwin), rather than this misapplied 
reference to the “tragedy of the commons”. For example, the UNESCO World 
Heritage Centre has declared Pimachiowin Aki as the first Canadian mixed 
World Heritage site (UNESCO World Heritage Centre, 2018). Pimachiowin Aki 
covers the traditional territory of four Anishinaabe communities on the east side 
of Lake Winnipeg, Manitoba: Bloodvein River, Little Grand Rapids, Pauingassi, 
and Poplar River First Nations. The heritage site spans a boreal forest ecosystem 
of 2,904,000 hectares and is an Anishinaabe cultural landscape (UNESCO World 
Heritage Centre, 2018). A coordinating body, Pimachiowin Aki Corporation, 
with a management plan, has been formed by the First Nations and the provin-
cial stakeholders to foster participatory governance of the heritage site 
(UNESCO World Heritage Centre, 2018). With this recognition, the area would 
be protected against external development threats, such as hydropower and 
mining. What remains unclear is how the heritage site will ensure the First Na-
tions’ Indigenous rights to their territories.  

As Pimachiowin Aki is also a cultural heritage site under the operational 
guideline of World heritage sites’ top-down governance model, its implemen-
tation process proceeds under state laws that treat Indigenous Peoples and lo-
cal communities as partners only (UNESCO World Heritage Centre, 2017). 
However, in Canada’s context, Indigenous Peoples need at least equal recogni-
tion as Canadian governments as the governments signed Treaties with Indi-
genous nations in equal standing. No colonial law outlaws the Treaties’ effec-
tiveness as the Treaties were to remain effective as long as the sun shines and 
rivers flow (Mercredi, 2012; Truth and Reconciliation Commission of Canada, 
2015). Wasagamack First Nation and other First Nations in Island Lake might 
also be invited in the future to include their territories during the expansion of 
the area of Pimachiowin Aki. This research will empower Wasagamack First 
Nation to assert their claim on their territory’s resources and governance; to 
the Canadian goverments, resource developers, and courts, this research pro-
vides an overview of the traditional territory that needs to be decolonized for 
Wasagamack First Nation. This land governance is central for Wasagamack’s 
Mino Bimaadiziwin. 
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5. Conclusion 

The density and hotspot maps reinforce the importance of seeing the relation-
ship between points rather than seeing unrelated individual harvest and cultural 
sites. Large areas of land are required to support traditional pursuits and Mino 
Bimaadiziwin. Indigenous Peoples have a relationship to the land and wildlife 
within a habitat, requiring a pristine foodshed and watershed for the abundance 
of wildlife. Indigenous territory for Wasagmack is vast, extending far beyond the 
reserve area and even Wasagamack’s traplines to encompass a large area 
(Thompson et al., 2019).  

The traditional territory is under the threat of resource extraction and other 
limits dictated by Canadian governments for land use by Wasagamack Anishi-
niwuk. However, according to the provincial law, the traplines and the overall 
ancestral territory, except for federal reserve land, are considered provincial 
Crown land. The provincial government retains jurisdictional authority over this 
region, promoting development activities that benefit the settler governments or 
settler-run industries (Palmater, 2019). The expansion of mining, hydroelectric-
ity, road, and lumber into traditional territories, without adequate community 
consultation and against their wishes, undermine the sustainable livelihoods of 
the Wasagamack Anishiniwuk (Thompson et al., 2019). For example, the Mani-
toba (provincial) government has targeted the critical regions of Wasagamack 
First Nation’s territory for mining and exploration, according to a recent be-
drock mapping study finding of gold veins in the greenstone belt of Bigstone 
Lake and Knight Lake (Rinne, 2017). These lakes are statistically significant land 
use hotspots and are vital for Wasagamack Anishiniwuks to meet their food, shel-
ter, and cultural needs. The bedrock mapping study does not mention any steps 
taken to consult Wasagamack community members, failing to acknowledge the 
significance of those areas for the livelihoods of Wasagamack First Nation. 

To summarize, promoting settler-run protected areas or industrial develop-
ment areas displacing Indigenous Peoples from their territory is a travesty to In-
digenous communities (Jojola, 2013; Tauli-Corpuz et al., 2018; Thompson et al., 
2019; Zurba et al., 2019). Land use planning in Indigenous territories needs to be 
led by Indigenous principles and values (Jojola, 2013) to identify community 
priorities. Meaningful participation of Indigenous community members and the 
integration of traditional knowledge in land use planning are required (Hostet-
ler, 2018). Land use planning through this approach is critical to fulfilling Mino 
Bimaadiziwin.  

This research contributes a new approach to traditional land use mapping 
through density and hotspot analysis, moving beyond point-based mapping to 
an area-based approach. This map displays ecologically and culturally significant 
areas in the ancestral territory of Wasagamack First Nation. Mainstream re-
search uses hotspot mapping to identify the habitat areas that need the protec-
tion of threatened plants and animals with the establishment of protected areas 
(Gjerde et al., 2007), biological corridors, and early warning systems (Naha et al., 
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2019). This method offers an approach that uses the critical point source data in 
a scientifically valid and repeatable process without releasing cultural point data 
that the community does not want to be shared. This method uses the highest 
quality of data that will stand up in court, considered point data of harvest sites 
(Tobias, 2010), and applies a scientific, repeatable method to develop area data. 
Thus, this method provides what the courts and industry want—a verifiable and 
valid methodology to show land-use and occupancy. At the same time, this 
technique provides First Nation communities to register their cultural and 
land-use data without exposing these sites for targeting or destruction of cultural 
artifacts.  

Density and hotspot mapping combined with Indigenous community mem-
bers’ stories and perspectives identify land use areas of statistical significance. 
Density maps show the intensely used areas, not the specific points that many 
communities want to remain private, used by the community members. Hotspot 
maps cluster the land use locations to identify the hotspots, signifying the area’s 
importance for Mino Bimaadiziwin. Through this approach, the communities 
could vividly defend against unwanted development and assert their jurisdiction 
on their ancestral land and territory.  

This research found that land-use hotspots are statistically significant for bird 
hunting/egg gatherings in very different locations than other land uses. Why this 
occurred was not determined as doing so would require additional traditional 
ecological knowledge studies and analyses. Land and resources can change over 
time, impacting land use locations, densities, and significant hotspots (Joly et al., 
2018). Consequently, land use mapping and documentation of traditional 
knowledge associated with land use over time and space can better inform plan-
ning and sustainable territorial governance by Wasagamack First Nation.  

We hope these maps, guided from Indigenous worldviews and epistemologies, 
will provide a basis for protecting traditional land uses of Wasagamack Anishi-
niwuks and a method for other communities to apply. These maps, with Elders’ 
teachings, will inform youth about their traditional territory. Also, density and 
hotspot maps provide a base for future Indigenous land use planning (Manitoba 
Indigenous and Northern Relations, 2018; Thompson et al., 2019). This tradi-
tional land-use documentation provides another tool to fight for Indigenous 
self-government and self-determination by Indigenous Peoples on Turtle Island. 
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