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Abstract

FROM FELT TIP TO TECHNOLOGY: THE CHALLENGES OF REPRESENTING
TRADITIONAL INUIT KNOWLEDGE IN A GIS PLATFORM TO CREATE A
KNOWLEDGE SURFACE.

MASc, 2017
Julie B. Robertson
Environmental Applied Science and Management
Ryerson University

Traditional knowledge (TK) has been the keystone to survival in the Arctic for thousands of
years. Caribou are integral to the society, health and culture of the Inuit, the Indigenous peoples of the
Arctic. There is a lack of research regarding caribou on King William Island (KW1), Nunavut. Through a
project in Gjoa Haven, located on KWI, Inuit Elders and hunters used maps to help represent their
knowledge of caribou in the region. These 32 maps were processed in a GIS to explore the spatial
dimensions of TK, and different forms of knowledge representation. Using vector data the features drawn
were separated into lines and polygons to show hotspots of caribou knowledge. Using a fuzzy raster
methodology, all caribou data was summed to create a collective knowledge surface of the caribou
features. These maps refine the data from the vector maps and create a continuous surface that aims to
better reflect the collective nature of TK. This research explores the challenges of representing TK using

western technologies, and application of fuzzy methodologies for improving the representation.
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1.0 Introduction

Traditional knowledge (TK) is the key to survival for Inuit in the Canadian Arctic (Duerden, et al.,
1996; Engler, et al., 2013; Freeman, et al., 2005; McGregor, 2004). This survival is nested in the
relationship the Inuit have with the environment; the wildlife, land, sea, and ice and is the basis of TK
(Engler, et al., 2013; Freeman, et al., 2005; Pearce, et al., 2011; McGregor, 2004; Duerden, et al., 1996;
Berkes and Berkes, 2007). There is a myriad of definitions of traditional knowledge, but there are
common threads to define TK in an Inuit context. There is consensus among scholars that TK is an oral
tradition, historically fundamental to the survival of hunter — gatherer societies (McGregor, 2004;
Duerden, et al., 1996). Through an oral manner, the knowledge is passed from Elders to the younger
generation and from community to community. Furthermore, human interaction and long-term direct
experience are the fundamental processes that are the building blocks of TK (Engler, et al., 2013; Pulsifer,
etal., 2011; Freeman, et al., 2000; Pearce, et al., 2011). This intimate knowledge of the landscape creates
mental maps that are the crucial to understanding the environment (Freeman, et al., 2000, Pearce 2011).
Traditional knowledge is also an aspect of social processes that are critical to life in the Arctic (Engler, et
al., 2013, Pulsifer, et al., 2011, Leduc, 2006). TK is spiritual in nature as well as pertaining to all aspect of
the ecosystems (McGregor, 2004; Duerden, et al., 1996; Pearce, et al., 2011; Martin, 2009). Additionally,
ecosystems are difficult to separate and define as they are nested within each other creating a continuous
borderless system which aligns with Inuit view of their environment (Berkes and Berkes., 2009).

A cautionary note by The World Intellectual Property Organization stated in 2002 that TK is the
process of interactions between members of the community and is a continuum of knowledge. Caquard
states in a 2011 paper that there is a growing interest in the relationship between the Inuit TK narrative
and maps. Yet, mapping of such knowledge creates a snapshot in time while TK is difficult to capture in
a singular moment as it is constantly changing and every knowledge holder has a personal perspective of
the knowledge (WIPOQ, 2002). Partnerships with the Inuit have been evolving since the 1970’s and are

shaping the way the they are included in environmental governance (Berkes, et al., 2007). In 1992, the



then Minister of Environment Ellen Bielawski suggested that Arctic scientists recognize the worth of TK
and understand the value in Inuit “ways of knowing” (Martin, 2009). However, the value of traditional
knowledge is not in a qualitative function but, is the value of understanding the environment, a person’s
relationship within the environment, how to interpret and understand that environment (Berkes, et al.,
2009).

Caribou are vital to the culture, health and social aspects of Inuit societies and are an integral part
of the complex ecological systems in the Canadian Arctic (Kendrick, 2003; Miller, et al., 2009; Russell, et
al., 2000). Inuit are dependent on caribou as a food source that is shared amongst the community as
required by cultural norms (Mason, et al., 2012). During the 1980’s the Canadian Government established
caribou co-management boards to provide management of the complex herd systems (Kendrick, 2003;
Russell, et al., 2000). The collection of caribou data is costly and difficult, and as such is collected on an
average of six year intervals (Kendrick, et al., 2008; Russell, et al., 2000). Based on this cost and
challenges with timing, weather and environmental factors herd range maps of Barren-Ground caribou
such as those produced by the Beverly and Qamanirjuag Caribou Management Board (BQCMB) and the
Nunavut Wildlife Management Board (NWMB) are often qualified as being partial, based on available
data and not necessarily the complete picture.

The cultural significance of caribou to the Inuit was one of the catalysts for the larger research
initiative in Gjoa Haven, Nunavut, located on King William Island (KWI), and led by Dr. Gita Ljubicic in
the Department of Geography and Environmental Studies, at Carleton University. A group of community
representatives, including Elders and hunters, participated in planning workshops where caribou was the
dominant theme of their initial discussions (Laidler and Grimwood, 2010). They highlighted the
importance of sharing their knowledge of caribou with wildlife managers and caribou researchers, to
ensure more representation of Inuit knowledge in decision-making as they rely on caribou hunting year-
round. Through follow-up research, a discrepancy was noted between the caribou Inuit described on KWI
and in the region, and the caribou range maps put out by the Government of Nunavut and co-management

board range maps (Ljubicic et al., 2017). For example, the NWNB recorded on a 2011 map that King



William Island is under-represented in most maps regarding caribou, notably the Nunavut Caribou
Strategy report 2011 where the island is noted as “an area of uncertainty” (NWMB, 2011). The TK used
in this analysis was recorded through participatory mapping in interviews, with 32 Inuit Elders and
hunters in Gjoa Haven, to help express their knowledge of caribou. These interviews were conducted by
a Postdoctoral fellow and a Master’s student in Dr. Ljubicic’s research group. These maps help to begin
addressing the gap in knowledge of caribou on KWI, based on caribou range maps available from the
Government of Nunavut and caribou co-management boards.

Participatory mapping has been widely used for the expression of TK as it aides in the
representation of communication between the knowledge holder, the cartographer, and the end user
(Crampton, 2001). Participatory mapping is complex and extensive including action-oriented intentions,
partnerships and collaborative partnerships that are equal, respectful, and shared (Grimwood, et al.,
2012; Parlee, et al., 2005). Participatory mapping is aimed at reducing power imbalances and social
differences between western science and Indigenous driven approaches to environmental issues
(Robinson, 2016).

Participatory mapping aligns the power of knowledge to provide a common ground for all parties.
In a 2001 paper Crampton suggests that the Map Communication Model (MCM) provides a basis to
understand that a hand drawn map by an Elder has equal merit to the complex map created in GIS. The
map is the means of communication between the two parties with the power of the knowledge shared
between the knowledge holder and the end user (Crampton, 2001). The spirit of participatory mapping is
to combine sound methods of scientific inquiry with community based strategies which foster team work
and require mutual understanding and respect from all members to formulate research queries that are
relevant to the community (Parlee. et al., 2005; Cutts, et al., 2011).

Traditional knowledge and western science are similar in that they both are ways of knowing,
both based on observations and the accumulation of knowledge. Both systems aim to create order out of
disorder (Berkes, et al., 2009). Yet, they are dissimilar in their transfer of knowledge and the rationale of

qualitative versus quantitative analysis. Indigenous knowledge systems are not quantitative in nature as



western science is, they are developed to understand and relate complex systems (Berkes, et al., 2009).
The use of TK in the management of resources and wildlife is now mandated in the Nunavut Land Claims
Agreement, 1993 as well as Nunavut Bill 33 with Co-management boards such as The Nunavut Wildlife
Management Board (Nunavut Land Claims Agreement, Section 5, 1993).

The visualization of TK is an issue that has been long debated as how to best represent it and
retain the richness and distinct qualities it contains (Pulsifer, et al., Kendrick, et al., 2008, Freeman, 1976,
Freeman, et al., 1992, Thorpe, et al., 2002; Middleton, 2010; Feirizadeh, et al. 2014; Robbins, 2003). It is
standard protocol to employ the use of a GIS to convey map data, perform statistical and spatial analysis
tests (Goodchild, 2000). GIS was developed to meet the needs of a planners, geographers, engineers, and
cartographers. It is common practice to recreate the landscape to fit the demands of a particular use of the
technology (Robbins, 2003). Paul Robbins suggests in a 2003 paper that GIS can also breakdown
political and societal boundaries to allow researchers to broadly explore and record ecological knowledge
without borders to create a continuous surface. However, not all maps are created equally and are
embedded with power and influence based on the origin of the map (Pulsifer, et al., 2011; Middleton,
2010). Power and privilege embedded in the Colonial relationships can impose representations of space
that influence the power balance (Middleton, 2010). The boundaries between local and scientific
knowledge are permeable and the distinction between the two are often arbitrary and historical in context
(Agrawal, 1995; Robbins, 2000; Robbins, 2003). Maps are created and situated in a set of interests which
may be cultural, historical, political, or environmental (Middleton, 2010). Additionally, maps inherently
embody political and social power by what is and is not depicted in the data (Crampton, 2001; Engler, et
al., 2013). The knowledge may not contain precise geographic coordinates or spatial information but it
may be anchored in a place through historical or spiritual ties (Engler, et al. 2013). These barriers do not
exist in Inuit culture as people, wildlife, and earth are one dynamic system each interacting and
influencing the other. (Engler, et al., 2013; Freeman, et al., 2005; Pearce, et al., 2011; Duerden, et al.,
1996). Scientific knowledge is inter-woven in TK in respects to plant phenology, wildlife, and climate

and it is this dichotomy that creates unique experiences with TK representation. TK can include



knowledge about flora and fauna, stories may contain wildlife as characters, and knowledge of wind
direction, ice conditions, weather based on cloud formations (Engler, et al., 2013).

Geographic visualization of data is the ability of the cartographer to use the data to visualize
spatial relationships. One of the primary objectives of map data analysis is to interpret spatial patterns in
the data (Crampton, 2001). There are challenges in maintaining the integrity and depth of information
while moving to a geo-spatial paradigm as the use of GIS to visualize traditional ecological knowledge
tends to homogenize the data to fit the information into a GIS format (Store, et al., 2001; Robbins, 2003).
The use of GIS to meld TK and science methodologies may be a tool to assist in bridging the gap in
knowledge systems (Forsyth, 1996). This research will address the issues of ambiguity in TK and the
challenges of recreating TK in a GIS through the use of varied technical methods.

Common mathematical processes in GIS are based on Boolean logic with crisp hard lines, the
data is either true or false (Jaing, et al, 2000; Sui, 1992). Classic Boolean logic is based on the Greek
philosopher Aristotle’s “law of the excluded middle” which states every proposition is either true of false.
Western science tends to evaluate data in this bivariate true — false logic (Berkes, et al., 2009). Fuzzy
logic aligns with the school of thought held by scholars such as Plato who believed beyond true - false
there was a middle ground where a breadth of data is valid (Berkes, et al., 2009). Traditional knowledge
is precise in the knowledge and is inherently geographic as it pertains to place and the relationship with
the land (Engler, et al., 2013; Dunn, 2007). Yet, there are questions as to how this knowledge can be
effectively represented using mapping techniques, as it does not necessarily contain discrete locations
such as geographic coordinates. The knowledge may also convey information regarding the land, culture,
history and spiritual beliefs, this creates an uncertain context to the data (Engler, et al., 2013). Fuzzy logic
in GIS was developed to deal in imprecise location data (Dunn,2007). It is a mathematical approach to
dealing with complex systems with undefined boundaries and uncertainty. This uncertainty does not
suggest the data lacks accuracy, but encompasses data that is not bounded in a true / false paradigm.
(Berkes, et al., 2009; Engler, et al., 2013, Sui, 1992; Bojorquez-Tapia, et al., 2002; Matsakis, et al., Tong,

etal., 2012; Hou, et al., 2007; Vahidnia, et al., 2010). Fuzzy logic aligns with the intricacies of TK and



may be the key to how Indigenous systems deal with the overall complexity of large nested ecosystems
(Berkes, et al., 2009; Dunn, 2007). Key elements of human thinking are linguistic cues with a varying
range between member and non-member of a set (Berkes, et al., 2009). Fuzzy models relay on these
language cues which is well suited to cues in traditional knowledge (Berkes, et al., 2009). A fuzzy model
allows for the variation, of presence and non-presence of caribou. A polygon has defined spatial edges
yet, a caribou hunting ground or calving ground would not have a discrete boundary as drawn. The
concentration of caribou would be clustered in an area and have a distant decay effect from that area of
the herd to the edges. A fuzzy model allows for the gradual decline in membership to the outer edge of

the specified distance as explained previously.

1.1 Research Objectives

The objectives of this thesis are to:

1. Examine the effectiveness of GIS procession using vector data to recreate maps of
traditional caribou knowledge to maintain the context of how they were drawn by
individuals in interviews.

2. Explore the untility of fuzzy membership to produce maps that more closely represent the
intention of traditional knowledge shared, through a continuous surface.

The first objective of the research is, through the use GIS tools, to create maps of caribou data that are
an accurate depiction of the information that is respectful of the knowledge in maintaining the integrity
through as few alterations as possible. With the vector based maps there is an assumption that the volume
of caribou data in the maps will create images that are not defined. The data will require separation into
specific categories to produced maps that have a clear visual perspective of the data (Forsyth, 1996).
Through the use of GIS tools the data is separated by attribute type to distinguish patterns and clusters of
knowledge within the group of participants. The separation of data will allow for deeper analysis. The
separation of information may also create strong spatial patterns which will highlight hotspots of

collective knowledge. These hotspots can increase the justification for the inclusion of traditional



knowledge as base data where appropriate providing a link between western science and TK (Middleton,
2010).

The second object is the use of a fuzzy methodology to produce continuous knowledge surfaces that
best approximate the combined data of the participants. Furthermore, the fuzzy methodology requires a
mathematical process that takes the data from qualitative to quantitative, creating a formula that is
repeatable and where data can be measured. The use of a fuzzy methodology, will display the data as a
continuous surface with consideration for the lack of specific spatial references and ambiguity which
affect the data (Tong, et al., 2012). The ability to use a cumulative process provides for a data surface that
visualizes definitive knowledge hotspots that synthesize the collective knowledge of the participants of
the research study.

This method will display the data without bias and under an inclusionary lens as all data is assessed
by its degree of membership to the set as a whole. The fuzzy approach provides the use of data which
falls in the “excluded middle” between the true and false or yes and no operators of Boolean logic
(Berkes, et al., 2009; Engler, et al., 2013, Sui, 1992; Bojorquez-Tapia, et al., 2002; Matsakis, et al., Tong,
etal., 2012; Hou, et al., 2007; Vahidnia, et al., 2010).

Finally, a comparative analysis of hunting data in vector Boolean and Fuzzy methodology maps
will provide the rationale for the preference of one method over the other. This analysis will highlight the
advantages and disadvantages of both analytical approaches.

This thesis will begin with a literature review of traditional knowledge, participatory mapping,
challenges representing traditional knowledge, the melding of traditional knowledge and western science
and the challenges, and fuzzy methodology. The methodology used to analyze the data contained in the
maps will follow the literature review. The results will be deliberated followed by the discussion,
limitations, further research and conclusion. This research will produce two sets of maps based on the

attribute type for caribou in the 32 maps using vector based and fuzzy methods.



Chapter 2 Literature review

The literature review will focus of the key elements of the research: traditional knowledge and the
definition that best suits this context, participatory mapping in an Indigenous context, caribou in the King
William Island Region of Nunavut, the use of TK in a GIS system and the use fuzzy methodology in a

GIS.

2.1 Traditional knowledge

Traditional knowledge is complex and unique to each culture (McGregor, 2004). A single
definition cannot express the complex holistic system that encompasses TK (WIPO, 2002; Berkes, et al.,
2007; McGregor, 2004). Therefore, to define TK can be problematic to the knowledge holders as it
suggests that knowledge uniformity across all Indigenous people (McGregor ,2004). Additionally,
researchers concede that the knowledge and knowledge holder are one in the same and it cannot be
separated into a single definition (Wenzel, 1991; McGregor ,2004; Berkes, 2009). In a universal
framework, traditional knowledge is a way of life, it requires an action, doing, living with constant
fluidity, knowledge is a continuum that interacts with every aspect of life (McGregor, 2004). There are
Indigenous groups that use practices that suggest a sophisticated understanding of ecological relationships
and dynamic view that human is an equal portion of the ecosystem based on a relationship of respect for
the land and all living things (Berkes and Berkes, 2009, Berkes, et al., 2007; McGregor, 2004; Pulsifer, et
al., 2011; Martin, 2009; Wenzel, 1999) There is no consensus of a general definition yet, there are
common threads to define TK.

The common threads that will enable a meaning that is appropriate in the context of Inuit TK is
the oral transfer of information that is imperative to survival in hunter-gathered societies, it is an aspect of
social processes that are critical to life in the Arctic (Engler, et al., 2013; Pulsifer, et al., 2011; Leduc,
2006). A very strong common thread is the holistic view where the connection to the land is as strong as
the connection to other community members (Berkes, et al., 2009; Pearce, et al., 2011). TK is an

interregnal part of the culture with explicit social contexts including rules about the processes of



“knowing”, or how the knowledge is transferred (Berkes, et al., 2009; Pearce, et al., 2011). Human
interaction and long-term direct experience are the fundamental processes that are the building blocks of
Traditional knowledge. TK is communicated through stories, folklore, cultural values in the oral sharing
of knowledge passed from Elders to the younger generation and from community to community
(Freeman, et al., 2000; Pearce, et al., 2011; Eisner, et al., 2012; Pulsifer, et al., 2011; Leduc, 2006; Dunn,
2007). It is imperative to understand that TK is not static, it is an iterative process that includes recent
events with those of a distant past (Jardine, et al., 2010). Traditional knowledge encompasses several
spatial components; land use, way-finding skills, wildlife habitat, and places of cultural importance such
as burial sites, gathering and trading sites (Duerden, et al., 1996; Engler, et al., 2013). TK is rich with the
history and migration of the people and the wildlife they hunt as it relates to the land and sea (Laidler G.,
2003). TK is also a cumulative body of knowledge that is distinct and unique to the society that evolves
through adaptive processes and hands-on living on the land, it is the cultural transmission of living beings
about relationships between all living things and the environment (Berkes and Berkes, 2009; Berkes,
1999; Dunn, 2007). TK and land based knowledge facilitates the adaptive capacity of Inuit communities
through knowledge transfer about personal experiences, inherent dangers of hunting, and the evaluations
of risk (Ford, et al., 2008) The passing on of TK is imperative to the inter-generational connections that
ensure the cultural norms are carried forward (Engler, et al., 2013).

Traditional knowledge is the melding of local, social and cultural society as a blend of spiritual
values, authority, practice, and knowledge. (Turnbull, 1997). There are aspects of self-determination and
social processes that are interwoven into the TK that are the underpinnings of the people’s view of the
world around them (Engler, et al., 2013; Duerden, et al., 1996; Berkes, et al., 2007). It is an intimate
connection between culture and nature where the knowledge is rooted in the local culture and belief
system. TK provides the guide for life and as such it entails instructions for the appropriate conduct to all
creations as they are all interconnected (Pulsifer, et al., 2011). This knowledge is gained through
experience, on-the-lands interaction with the environment where living and learning are not mutually

exclusive but are one in the same (Pulsifer, et al., 2011). Traditional knowledge promotes self-learning,



preservation of language, hunting skills and culture, all of which are critical to survival in the Arctic
(Engler, et al., 2013). The representation of Arctic animals is woven through the language, personal
names, place names, memories, stories, emotions, wisdom and the lessons of life. This is combined to
provide the spiritual awareness and strength as humans within a larger natural and interconnected world.
It is a holistic view of life (Kendrick, 2013).

Levels of ecological knowledge overlap and are interwoven in to life, they change over time in
response to changes in the physical environment and who they interact with (Berkes and Berkes, 2009;
Engler, et al., 2013). The sharing of detailed knowledge about the ecological aspects of the environment,
changes in the space due to climate change are key aspect of the ways of knowing and the oneness with
the lands (Leduc, 2006; Pearce, et al, 2011). This spatial knowledge is based on generations of astute
observations about their environment and the ecosystems that are within the environment (McGregor,
2004; Leduc, 2006, Pulsifer, et al., 2011). The value of TK is not in a quantitative number but, in the
value of understanding the environment, how to read and interpret the environment and in the relationship
with it (Berkes, et al., 2009). The Inuit management of resources is integral to their survival and an
important aspect of their cultural identity (Duerden, et al., 1996; Engler, et al., 2013). Knowledge is
critical to existence, the way of knowing that is provided by the Elders is rife with detailed ecological
information that enables them to have insight into both local and regional impacts as well as historical
knowledge (Leduc, 2006).

Traditional knowledge and traditional ecological knowledge (TEK) are often used synonymously.
Berkes (2009) defines TEK as a subset to TK. Berkes suggested it is nested within the system. Traditional
knowledge is the term used in the planning portion of this research. Although the dataset is ecological in
nature the term TK has been used to ensure continuity throughout the project. For this research, the
definition of traditional knowledge has been synthesized from all the literature to one that is best suited
for this purpose as a body of knowledge that is passed on from generation to generation through an oral

transmission that is unique to the knowledge holders and society. It is more than knowledge, it is a way of
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being, a oneness with the earth with a holistic view of the world as they know it. It is a collective and an

adaptive process that is a view of living.

2.1.1 Traditional Knowledge and Western science

Historically traditional knowledge has been included when it can be incorporated into western
science models with the information being transformed to fit the technology (Forsyth, 1996; Kendrick et
al., 2008). The use of traditional knowledge in decision making has been evolving in Inuit communities
since the 1970’s and has been encompassed in a wide variety of research areas including resource
management, and a range of environmental issues (Berkes, at al., 2007; Duerden, 1996; McGregor, 2004;
Pulsifer, et al., 2011). The Northwest Territories and what is now Nunavut have fostered the growth of
cooperative / co-managements boards since the 1980’s to provide autonomy in communities in regard to
wildlife quotas (Wenzel, 2004). In 1992 Ellen Bielaswki, then Minister of the Environment suggested
that Arctic scientists resolve the conflict between different “way of knowing” by recognizing the intrinsic
value of traditional knowledge (Martin, 2009; Kendrick, 2013). Western scientific methods are the
standard in which traditional knowledge is evaluated, in many cases it is not regarded to be on par
(McGregor, 2004). Additionally, without participation of the Inuit from the onset of a research study there
is a paring down of data which is rich and multi-dimensional (Kendrick, et al., 2008). The removal of data
that does not fit a western science paradigm results in weak data sets that do not represent the true nature
in way the information was shared (Kendrick, et al., 2008). This pairing down of the TK results in issues
of trust as Traditional knowledge is a cumulative body of knowledge where all aspects are interrelated
(Berkes, 1999; McGregor, 2004; Kendrick, et al., 2008).

The inclusion of traditional knowledge is mandatory in Nunavut requiring Inuit representation on
wildlife co-management boards as stipulated in the Nunavut Land Claims Agreement, 1993. The
Agreement Article 5.1.3 states that the creation of a wildlife management system that fully acknowledges
that primary role of Inuit in wildlife harvesting through the creation of the Nunavut Wildlife Management

Board (Nunavut Lands Claims Agreement, 1993). These agreements stipulate environmental assessments,
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land use regulations and management of land and resources (Berkes, et al., 2007). There is an expectation
that with greater involvement in research and the environment that local TK will be acknowledged as
scientific and have merit in research in the north (Russell, et al, 2000). The Inuit have furthered the use of
TK in decisions regarding wildlife by advocating for the use of their knowledge in the management of
Acrctic species through co-management boards, establishing priorities and guiding the development of
science-based studies. (Nunavut Land Claims Agreement Article 5). Through the collaboration of Inuit
and scientists the TK must go beyond simply supplementing or verifying scientific knowledge. The
process must allow for true collaboration and an equal understanding of Arctic ecosystems (Ford, et al.,
2010; Kendrick, 2013). This participatory based research model is collaborative in its approach where the
societal outcomes are improved when there is a balanced approach to research with community members
having meaningful input to research that is relevant to their community (Cutts, et al., 2011). The active
involvement of communities in the process is ethically important and central to fostering cooperation and
trust with the community (Ford, et al., 2008). Participatory research provides a structure that sets the tone
and provides a basis for respectful and meaningful communication between the groups which is
respectful, relevant, and responsible (Windsor, et al., 2013; Peters, 2013). Additionally, the collection of
traditional knowledge must be culturally appropriate and may be in the form of text, drawings and oral
stories, video, audio recordings, and interviews, which must be viewed as reliable, credible data (Pulsifer,
etal., 2011). Western science focuses on the written transmission of knowledge which is commonly used
in analysis (Pulsifer, et al., 2011). However, the use of TK requires one to think beyond the standard
processes of data collection and written knowledge. It requires understand that the value of knowledge in
a different format holds the same value as western science processes (Kendrick, et al., 2008, Pulsifer, et
al., 2011). Inuit and scientists agree that there is need for collaboration that is critical to the successful
achievement of common goals (Laidler, 2007). This co-management approach provides communities with
a powerful instrument to establish their influence over decision making that impact their lands and lives
(McGregor, 2004; Berkes, et al., 2007). The use of TK and the perspectives of the Inuit must be upheld in

the decision-making process without compromising their aboriginal right to self-determination (Kendrick,
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2003). Furthermore, Martin suggests in a 2009 paper that researchers in the Arctic must work towards
resolving conflicts with the Inuit through recognizing their ways of knowing and place the same value on
their knowledge as with western science.

Traditional knowledge and western science have different strengths and can work in a
complementary manner (Berkes, et al., 2007; Berkes and Berkes, 2009; Laidler, 2007). Science based
analysis tends to focus on a single variable and one analytical process at a time while TK focuses on a
large number of a holistic suite of information to understand the environment (Berkes, et al., 2007; Berkes
and Berkes, 2009; Laidler, 2007). As Berkes suggests in a 2009 paper there is an inverse relationship
between the complexity of a system and the degree of precision that can describe it in a succinct manner.
The data contained in complex systems are at times beyond comprehension of conventional science and it
is through a holistic simplified view that the systems as a whole is better understood (Berkes, et al.,
2009). Western science often relies on well-defined linear cause and effect connections where change and
observation are empirically connected while TK is a holistic interconnected system (Berkes, et al, 2007).
Berkes suggests in a 2009 paper that logical positivism is the dominant science paradigm. With
reductionism, it breaks down systems into discrete components, analyzing each component and making
predictions based in the single analysis while TK considers the environment as meld of knowledge
practice, authority, trust, spiritual values, social and cultural organization and knowledge of space (Berkes
and Berkes, 2009). Traditional knowledge is a continuous system that cannot be separated from the
knowledge holder, this dichotomy is the challenge of melding the two systems (Pulsifer, et al., 2011;
Berkes, et al., 2009). TK in conjunction with western science can provide a perspective that has a clearer
understanding of changes occurring in the Arctic as TK focuses in the holistic understanding of the
environment while western since focuses on the physical processes. (Laidler, 2007). Increasingly
traditional knowledge is accepted as scientific and the boundaries between them are blurred and porous
with an understanding that TK captured and applied to western science is merely a snapshot in time

(Berkes, et al., 2009).
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There are several issues that may arise with the meld of TK and western science. Trust between
parties involved is a key factor (Wenzel, 2004; Robins, 2003; Russell, et al.,2000; Kendrick,2003). The
life of the Inuit has changed drastically since colonization with the forced move to settlements, European
religion and the loss of language, and culture due to residential schools (Kendrick, 2003; Martin, 2009).
This historical mistrust by Inuit and the complexities of Inuit society suggests that community based
research is required to manage the science -policy intersection to improve societal outcomes (Middleton,
et al., 2010; Caquard, 2011). Trust is multi-faceted and must be a mechanism to building the bridge
between the Inuit and western science (Kendrick, 2003; Wenzel, 2004; Robins, 2003; Russell, et
al.,2000). There are social and ethical consequences of the use of TK combined with western science that
must be addresses to the satisfaction of all parties involved (Eisner, et al., 2012). Co-management boards
set in place to satisfy the Nunavut Land Claims agreement and as attempts to meld TK and science often
fail due to political reasons related to wildlife as it can cross several levels of government and
jurisdictions (Pulsifer, et al., 2011; Engler, et al., 2013; Robinson, et al., 2016). Therefore, there is a need
for innovative co-management of resources that integrates traditional knowledge and western science to
adapt to environmental changes (Ford, et al., 2010) Additionally, the use of hard boundaries to define
specific political areas such as Territories and Provinces can be historic and static, whereas the Inuit view
the area and the wildlife as fluid, flexible and without boundaries (Eisner, et al., 2012; Pulsifer, et al.,
2011).

Historically, environmental concerns are under the control of policy makers, government, and the
research scientists (Cutts, et al., 2011). TK is laden with temporal knowledge that can provide western
science a view to Inuit resource management practices as well as insight into the interconnection between
the culture and the environment (Freeman, et al., 2002, Stewart, et al., 2001). The holders of TK
understand the nuances of the wildlife, environmental, and seasonal changes as well as natural
fluctuations that occur in ranges, herds, and health of herds (Kendrick, et al., 2008).

TK is cumulative, long term knowledge is an asset to the scientific community as it provides the

historical trends that are not otherwise available (Eisner, et al., 2012). As the impacts of climate change
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emerge there is a growing understanding that the historical knowledge rooted in TK is imperative to
understand the depth and breadth of the changes (Cutts, et al., 2011). It is through a combination of
traditional knowledge and GIS based modelling that it is possible to produce maps that are informative
with a content base that is rich with knowledge (Crampton, 2001). Maps created in a GIS system have
the capability to handle traditional knowledge (Store, et al., 2003). Current trends are the use of hybrid
data that includes and values TK as facts that are as relevant and sound as scientific data (Kendrick, et al.,
2008). Inuit communities endeavor to ensure that their knowledge regarding local hunting and herd trends

and conditions are documented and used appropriately (Kendrick, et al., 2008).

2.2 Participatory Mapping

Participatory mapping emerged in the 1990’s with the onset of GIS as a tool to engage Indigenous
communities in the processes of recording TK and is a collaborative effort between science and
community advocates (Engler, et al., 2013). The early maps were used as an aide on behalf of Indigenous
communities to establish land claims, and reclaim sovereignty of native lands (Olson, et al., 2016; Engler,
et al., 2013l; Bryon, 2011). There is a strong relationship between the Inuit and the land that grounds the
TK in a geographic space, therefore, the map is an appropriate use for the recording of historical and
current TK (Engler, et al., 2013). Maps are of particular importance in the recording and preservation of
the TK and the relationships with the land. Furthermore, it requires the understanding of mapping
elements that traditionally have not been mapped (Engler, et al., 2013). Participatory mapping provides a
realm to record the identities of the Inuit in relation to the physical environment of time and space as well
as the inclusion of the spiritual and culture influences over the land (Engler, et al., 2013; Dunn, 2007)

However, the cartographer must be cognizant of the possible power imbalance created through
maps as the knowledge holder is vulnerable to exploitation of natural resources and wildlife as it pertains
to harvesting, and herd counts (Crampton, 2001; Byron, 2011; Sletto, 2009). Since the 1980’s with the
development of critical cartography hidden narratives and agendas embedded in maps have been exposed

(Caquard, 2011). Maps are a social construct of power, communication and visualization set in specific
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interests which can be cultural, historical, and political (Crampton, 2001). Crampton also suggests that
data which is not included may be the agenda of the map where the political narrative is evident. Maps are
embedded with social and political power by what is and is not displayed in the data (Crampton, 2001,
Robbins, 2003; Engler, et al., 2013; Caquard, 2011; Dunn, 2007). Participatory mapping can reinforce
colonial relationships as maps are a representation of space that may not be created equally with some
maps representing power and influence based on the agenda of the cartographer (Middleton, et al., 2010;
Dunn, 2011). There can be social, political and ethical consequences of incorporation TK and GIS as the
use of the GIS has the potential to distort and devalue TK and Indigenous cultures (Eisner, et al., 2012).
The hard boundaries used in GIS can reinforce political and social boundaries that are not recognized in
TK (Eisner, et al., 2012). The use and codification of ecological knowledge can be political as it has the
ability to alter the power relations between Indigenous groups and the dominant society (Robbins, 2003;
Verland, et al., 2014). Middleton states in a 2010 paper that maps can create injustice where credibility is
aligned with the social power. Those in power are assigned as the credible knower and set the criteria
creating an imbalance where power and privilege impose on the representation of space (Middleton, et al.,
2010; Byron, 2011).

Participatory mapping is complex and substantial including action-oriented intentions and
collaborative partnerships that have the possibility of creating equality (Grimwood, et al., 2012; Parlee, et
al., 2005). There is a growing interest in participatory maps and the narrative that accompanies them as
they have the potential to foster long-standing relationships in the community (Caquard, 2011; Dunn,
2007; Vaijhala, 2005). Caquard, 2011 suggests that geo-spatial story-telling creates a narrative between
the person and the map. While Dunn suggests that the participation in mapping provides a resource for
people to control their lands and resources (Dunn, 2007). Maps created in a participatory research
method bridge the power of knowledge and provide possibilities for collaborative, united work for a
common goal with the knowledge and skillset of each of the participants (Crampton, 2001; Middleton, et
al., 2010; Robbins, et al., 2016). When the collaboration is respectful, the methodology is aimed at

reducing power imbalances, and is based in reciprocity the outcome is one that is meaningful to all

16



players (Middleton, et al., 2010; Robbins, et al., 2016; Engler, 2013). The use of participatory
methodologies will result in inclusion and provide the knowledge holder with free, and prior consent of
the research agendas (Robinson, et al., 2016).

The spirit of participatory mapping is to combine sound methods of scientific inquiry with
communal based strategies (Grimwood, et al., 2012; Robinson, et al., 2016). It fosters team work and
requires mutual understanding and respect from all members to formulate research queries that are
relative to the community (Windsor, 2013). When the community is engaged, the data collection is
enhanced, the quality of the data is improved and there is clearer understanding of the interpretation of the
information and the outcomes (Windsor, 2013; Ford, et al, 2008). The efficacy of maps is in the ability to
produce ones that are understandable, meaningful and true to the TK captured in the renderings (Bryan,
2011). During community based data collection activities, the participants plot spatial information on the
maps provided. This creates a powerful method to portray TK and the perceived spatial realities of the
participants (Gaillard, et al., 2010). Elders have a long-term knowledge base that enables them to
understand the impacts of climate change as it relates to their environment, seasonal migration routes, the
changes in the relationship between the people and the land, traditional travel routes and way-finding
skills. (Ford, et al., 2008; Eisner, et al., 2012; Engler, 2013). The ability for community members to
illustrate changes and document the effects is a tool that enables cooperation and autonomy in their
communities (Middleton, et al., 2010; Cutts, et al., 2011). Sharing long term traditional knowledge about
the built as well as the natural environments are critical to the preservation of Inuit culture and their
identity (Engler, et al., 2013). The cartographer must ensure that the knowledge holder maintains control
of the TK throughout the process and that maps created are representative without distortion of the data
(Engler, 2013).

An aspect of the relationship between the Inuit culture and the land is grounded in geography, it is
the connection to space. TK is particularly geographic when the knowledge system is with the bearer’s
relationship with the land (Engler, et al., 2013; Dunn, 2007). TK is embedded in the environment and

spatial associations in relation to resources, spatial correlations between groups and resources and
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environmental hazards (Dunn, 2007). The map is a form of recording that when framed in an appropriate
context for historical, current environmental and cultural data when it is respectful and cognizant of
political and power imbalances (Engler, et al., 2013). Maps created through participatory mapping can
recreate place and space for Indigenous people that preserves traditional knowledge (Verland, at al.,
2014).

A cartographer’s goal is to define visual spatial relationships and describe patterns in the data.
GIS enhances the ability to create visual images of data through tools and techniques which create maps
that all parties agree is the best depiction of the data for its intended use (Crampton, 2001). Western
science requires quantitative validation, focuses on themes and laws, separates nature and culture. The
system is reduced to parts for analysis before linking it back to a whole. The qualitative aspect of
traditional knowledge enhances the quantitative aspect of western science. The dataset can be
complimentary as each brings a unique advantage that can assist when assessing the multi-dimensional

data in TK (Berkes, et al., 2009).

2.3 Geographic Information Systems and Traditional Knowledge

Geographic information systems (GIS) were developed in the 1960 in the aero-space engineering
and comupting industries (Verland, et al., 2014). Since the 1990’s GIS has been used to map human
geography (Verland, et al., 2014). What to map and how to represent it are the broad concerns for
Indigenous peoples in respect to the representation of place and space (Verland, et al., 2014). However,
the meld of TK and GIS may also expunge political and jurisdictional boundaries to visualize space as a
continuum which is a more accurate representation of TK (Crampton, 2001; Robbins, 2003).

The use of a GIS aides in the collaboration of traditional knowledge and empirical science based
research (Robbins, 2003). Additionally, GIS can assistant in the separation of local knowledge into
categories that are measurable (Forsyth, 1996). Forsyth suggests that there is a gap between how local
knowledge holders and science experts view an area, using GIS and the melding of the knowledge can

align the view can be expressed which satisfies both players (Forsyth, 1996).
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TK relies on environmental information and resources that are spatial, but not be exact. They may
be situated on recollection and recall, they have a spatially fuzzy context (Dunn, 2007). Additionally,
Indigenous knowledge systems are not based on the quantitative techniques of western science and are a
means of dealing with complex inter-connected nested systems (Berkes, et al., 2009). Ecological data
inherently lacks precision as it has varying degrees of correctness between true and false (Dunn, 2007,
Jiang, et al., 2000; Berkes and Berkes, 2009; Berkes, et al., 2009). The use of a fuzzy methodology is well
suited to the indistinctness in the parameters of TK as they compensate for uncertainty and imprecise
information since it deviates from the standard true / false binary tradition of most sciences (Atkinson, et
al, 2005; Berkes and Berkes, 2009; Tong, et al., 2012; Sui, 1992; Vahidnia, et al., 2010; Jiang, et al.,
2000; Shad, et al., 2009). A fuzzy membership is not the probability that an attribute is part of a set but
the possibility that is part of the set (Burrough, et al., 1998). A fuzzy membership is a continuum from 0
to 1 where 1 equals full membership and 0 equals complete non-member (Atkinson, et al., 2005; Sui,
1992). The closer the number is to 1 the greater the possibility that the attribute has membership to the
sets (Burrough, et al., 1998). Figure 1 lllustrates the possibility that the area noted as B has a relationship

with A.
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Figure 1 Raster Line and Polygon Buffer Values
The diagrams illustrate the degree of membership of a line and a polygon with a 20 KM buffer

surrounding the attribute. Directly adjacent to the attribute the value of a raster cell would 0.999, at the 10
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KM point the value would be 0.500 and at the full 20 KM distance the value of a cell is 0.001, beyond
this point all cells have a value of 0.

A fuzzy approach may aide in the understanding of how Indigenous societies cope with large
complex ecosystem management (Berkes and Berkes, 2009). A summary of data is by nature an
approximation of the information. Per Zadeh, in a 1973 paper the approximation of a data set is
characteristic of the function of human brains that group data as it is understood and reduce to an
approximation (Zadeh, 1973). The brain allows for degrees of tolerance in decision-relevant data,
furthermore, the ability to manipulate data and summarize is a fundamental characteristic of human
intelligence (Zadeh, 1973). As suggested by Fikret Berkes in a 2009 paper, ecosystems are nested within
each other making it difficult to apply discrete boundaries whereas western science tends to apply these
boundaries to simplify the management of systems. This oversimplification understates the impact of the
overall system reducing the variability and impeding long-term effects (Berkes, et al., 2009). Fuzzy
memberships were developed to represent imprecise information (Berkes, et al., 2009). The fuzzy image
is three parts with a core, the zone between the core and the boundary and beyond the boundary as seen in
Figure 2 (Shad, et al., 2009) The rationale of the decreasing value is the relationship between the data and
the degree of membership to the attribute. As noted previously the numbers assigned to the membership
represent the membership to the attribute from 0 to 1 with 1 as the attribute. The greater the relationship
to the attribute the greater the number or the closer it is spatially to the attribute.

Much of the data in daily life is indefinite as in the length of time for a pedestrian to cross a street
There is no set exact amount of time (Berkes and Berkes, 2009). It depends on the width of the street as
well as the stride and pace of the person. A fuzzy suggestion is given as a guideline: Only cross if the
hand is flashing safe and you feel there is enough time to safely cross. GIS uses fuzzy methods to deal
with this type of data that is not precise or fits into a Boolean true or false scenario (Sui, 1992; Shad, et
al., 2009; Feizizadeh, et al., 2014; Tong, et al,2009; Berkes and Berkes, 2009; Saati, et al., 2013;

Bojorquez-Tapia, et al., 2002).
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Fuzzy logic methodology fits the needs of complex systems that have a variable database with
fluctuating degrees of fit. As stated by Berkes in a 2009 paper, western logic is based on Aristotle’s “law
of the excluded middle” the law states that every everything is true or false. The tendency with western
science is to be bi-variant: Yes, or No. With fuzzy logic, the need of this type of precision is absent. Data
does not need to be quantified precisely. Fuzzy logic includes and quantifies the fuzzy middle between
Yes and No (Berkes, et al., 2009). Fuzzy logic uses the most common operator in mathematics:
intersection, union and compliment, it allows for propositions to be partially true and partially false
(Vahidnia, et al., 2010). Fuzzy membership is a logical process of standardization; it represents a specific
relationship between the criterion and the decision set. It makes it possible to encapsulate information
about the uncertainty in the spatial extent of physical elements (Matsakis, et al.; Jaing, et al., 2000). Fuzzy
models relay on linguistic identifiers that cover a range between true and false or member and non-
member (Berkes, et al., 2009).

The data used may be interval, ordinal or categorical attributes members as long as all data is in a
raster format (Atkinson, et al., 2005; Sui, 1992). Each cell of the raster has a value between 0 and 1 to
indicate the degree to which it belongs to the data set (Sui, 1992). These fuzzy sets of data provide
mathematical structure to data that can be very complex with nested systems that do not have crisp edges
(Atkinson, et al, 2005, Berkes and Berkes, 2009).

The use of a fuzzy methodology in GIS to create a collective knowledge surface of traditional
knowledge is the process that will be used to create maps of the TK in the 32 maps drawn. TK has been
defined as a body of knowledge that is passed on from generation to generation through an oral
transmission that is unique to the knowledge holders and society. It is more than knowledge, it is a way of
being, a oneness with the earth with a holistic view of the world as they know it. It is a collective and an
adaptive process that is a view of living. Participatory mapping can provide all parties with a method of
data collection that has a balance of power and is based on respect of the knowledge when approached as
a collaborative effort. The power of these maps is in the collective knowledge of the Elders. Participatory

mapping can ensure their knowledge is recorded in a manner that is understood by all parties
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Chapter 3 Methodology
3.1 Study Area

The study area in the Kitikmeot region of Nunavut includes King William Island (KWI), a
portion of the Boothia Peninsula and mainland Nunavut and south to Baker Lake, east to Repulse Bay and
west to Cambridge Bay as illustrated in Figure 2. The scale of the map used in the participatory mapping
as a base map was at 1:250,000 and occupies 729,061.9 square kilometres. The base maps used in the
creation of the traditional knowledge maps and the base maps in the GIS are the GCS North American
1983 Coordinate system and Lambert Conformal Conic projection. This project reflects an area that is a
broad regional extent of caribou knowledge based on common practices of caribou hunting by the

participants.
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Figure 2 Study Area / Regional Area Map
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The community of Gjoa Haven is located on the southeastern shore of King William Island in the
Kitikmeot Region of Nunavut. The Hamlet is in a small protected bay seen in Figure 3. In 1903, the
Norwegian explorer Roald Amundsen set anchor on his ship the “Gjoa” in the harbour during his quest to
find the Northwest Passage. Amundsen began to conduct research and wintered over two years in the
harbour. The nomadic Inuit from the surrounding area began to trade furs, hides and food for metal
products with the Amundsen crew (Gjoa Haven, 2010). The harbour became known as Gjoa Haven and
when Amundsen continued his exploration the Inuit stayed in the area and the community was formed.
The Hudson’s Bay Company set up a fur trading post in 1927. The Netsilik Inuit continued to live a
nomadic lifestyle well into the 20" century where they traveled to the post on a regular basis to trade
(Gjoa Haven, 2010). The population has grown from 110 in 1961 to 1079 in 2011 with 995 of the
residents being of Inuit descent (Statistics Canada, 2011).

One Elder drew their knowledge on a map that was at a larger scale and encompassed less
territory at a scale of 1:200,000 as seen in Figure 3. This view of the region includes the KW1 with the
farthest distance from the Hamlet of Gjoa Haven, south at 187,000 metres, east to 178,000 metres, north
163,000 metres and 250,000 metres to the west. There was a regional and a local scale map available for
use in each interview, but after the first few interviews most people preferred the regional map, and thus it

was most consistently used throughout interviews.
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3.2 Caribou in the King William Island Region of Nunavut.

Dr. Gita Ljubicic conducted meetings in Gjoa Haven in 2010 to learn about local research
priorities and to explore possibilities for collaborative projects to address community needs. At these
meetings caribou were identified as a research priority as they unified the residents through health,
culture, and lifestyle (Laidler and Grimwood, 2010). The relationship between the Inuit and caribou is
paramount to their society, health and culture, with significant archaeological evidence that dates back
over 25,000 years (Kendrick, 2003; Kendrick, 2013; Miller, et al., 2009; Russell, et al., 2000; Johnson, et
al., 2014). Yet, research of journal articles, caribou co-management board reports and government reports
indicate a lack of presence of caribou in the King William Island region (Ljubicic, et al., 2017). A map of
caribou populations produced for the Nunavut Caribou Strategy 2011 in Figure 4 indicates that King
William Island and the northern Boothia Peninsula are areas of uncertainty. The inset map notes “Exact
delineation unknown”. This highlights the need to more effectively include TK in the management of

caribou in the region to fully understand caribou populations and ranges.
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Figure 4 Geographic Populations of Caribou and Reindeer in Nﬁnavut
(Source: Working Together for Caribou, Nunavut Caribou Strategy 2011)



The map in Figure 4 was well as reports and research conducted by Ljubicic, Kendrick and Dunn indicate
that barren-ground herds are relevant to King William Island. These specific herds are identified as the
Ahiak, Beverly and Bathurst, yet island is overlooked in the majority of research (Ljubicic, et al., 2017).

The management of the Barren-ground caribou herds is complex as herds overlap range
distributions in the winter months as illustrated in Figure 4 These herds cross thousands of miles, are
harvested by several Indigenous groups, are under the jurisdiction of several boards and multiple levels of
government and Land Claims agreements in Nunavut and The Northwest Territories as well as northern
Alberta, Saskatchewan and Manitoba (Kendrick, et al., 2008). There is a lack of scientific information
about the dynamics between the different herd populations or the characteristics of large and small herds
over both long and short periods of time (Kendrick, et al., 2008; Gunn, et al., 2011; Russell, 2000,
Sharma, et al., 2009; Lenart, et al., 2002). Furthermore, Barren ground caribou travel the furthest distance
of all caribou, their migrations is timed with abundance of a food sources and seasonal locations vary with
changing numbers in the herd. Their range extents vary based on these variables as well as snow
condition and disturbances (Kendrick, 2003). Additionally, Inuit have a different knowledge base to make
judgements and do not feel comfortable making decision about herds based on aerial surveys which are
common methods to evaluate the health and population of a herd (Kendrick, et al., 2008; Kendrick, 2003).
Inuit communities are dependent on caribou to maintain health, tradtional economies and their culture.
There is a mistmatch in indentifying caribou species between the Inuit who majorally consider Barren-
ground as a single breed and refer to them as Big caribou, whereas, western science they are classified
into distinct herds that can only be identified through DNA (Kendrick, 2003). The issue arises when
specific herds have restrictions or bans, yet without DNA testing the herd a caribou is associated with is
unknown. The specific herd structure also poses a logistical problem as herds overlap at times of the year
(Kendrick, 2003).

Caribou co-managements boards where established in the 1980’s to reduce this conflict between
the Canadian government and Inuit communities well as to provide a suitable management approach to a

complex system (Kendrick, 2003; Russel, et al., 2000). The Beverly and Qamanirjuag Caribou
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Management Board (BQCMB) and the Nunavut Wildlife Management Board (NWMB) provide
representation from the Inuit hunters, government, scientists. These herd ranges also the include several
land claim and treaty lands of Inuit and First Nations people. In the context of this paper the lands in the
study area are subject to the Nunavut Land Claims Agreement, 1993. Inuit communities and management
boards agree that they must work together to understand how and when anthropogenic influences effect
caribou herds and how to manage the changes as herd dynamics are altered (Dunn, et al., 2010).

Prior to the inclusion of traditional knowledge biologists used harvesting levels to manipulate
caribou populations (Russell, et al., 2000). These methods used to control herds created uncertainty
among the Inuit as they did not allow for input of traditional knowledge, or consider the importance of
cultural perspective of TK (Russell, et al., 2000). The short and long term fluctuations of caribou
populations support the need for long-term historical knowledge to better understand these dynamics
(Lenart, et al., 2002). Scientists believe that Barren-ground caribou may be on a major decline due to an
increase in human population in the Arctic, changes in plant and insect phonologies, spatial —temporal
changes in species overlap due to climate change and extreme weather events both in frequency and
intensity (Vors, et al., 2009 Gunn, et al., 2010). In a 2007 report on caribou management noted that the
size of the Beverly herd was unknown and calf survival had not been tracked since 1994 (The Valued
Component -Caribou Final draft report, 2007). The Nunavut Caribou Strategy is based on the need and
desire for healthy, sustainable herds that will support the needs of the people. The spirit of the strategy
aligns with that of the Nunavut Lands Claims Agreement, 1993 which protects that harvesting rights of
the Inuit (Draft Nunavut Caribou Strategy Framework, March 2010). Research and developments have
been taken to improve the understanding of caribou fluctuations and estimates of specific Barron-ground
herds, yet there is still a level of uncertainty that currently exists. Traditional knowledge plays a key role
in understanding the historical fluxes in caribou that can help predict the future (Ostrom, et al., 1994).
Inuit hunters respond to varying ice conditions, and climate conditions with adjustments of their timing,

modes of transportation and travel routes to reach caribou herds (Pearce, et al., 2015). Yet, there is a
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sense of uncertainty about Barron-ground herd populations and how this effects access to the herds
(Ostrom, et al., 1994).

Inuit and scientists agree that Barren-ground caribou herds experience fluctuations in population
that are normal but are not systematic in pattern (Gunn, et al., 2011). Through the input from co-
management boards there were decisions made in the 1980s and 1990s regarding herd numbers that were
based on local ecological knowledge, historical shifts in caribou migration patterns and the decline of the
health of herds based on body condition, behaviour, herd size and composition and the direction of their
movement (Kendrick, 2013; Parlee, et al., 2005).

To fully understand the presence of caribou on KWI the system must be analyzed on both a
local and regional scale. Traditional knowledge provides an in-depth local level understanding about the
condition of the herd, migrations numbers, changes in timing and while western science can complement
the TK with global knowledge tracking range fluctuations, and deviations in herd numbers (Berkes, et al.,

2009; Kendrick, 2003).

3.3. Barren Ground Caribou Habitat in the Study Area

Habitat is an interrelated suite of characteristics of resources and conditions that are multi-
dimensional (Mayor, et al., 2009). The study area is comprised of metamorphic and sedimentary rock
with an elevation that ranges from sea level to 40 metres. The area has numerous clusters of eskers which
are raised linear glacial features comprised of silt, gravel, and sand because of retreating glaciers that
appear as ridges in the Arctic landscape (De Angles and Kleman, 2005). Caribou travel along eskers as
they are dry and predators such as the Arctic wolf can be spotted from the vantage point. Barren-ground
caribou in the region are migratory, therefore, the habitats are weather dependent and varied from the
southern reaches of a herds range in the winter to the northern portion in the summer months (Gunn, et al.
2010; Gunn, et al., 2013; Kendrick, 2013; Lenart, et al., 2002). In the winter months, they forage on
lichen beneath the snow. The herds migrate north in the spring to the calving grounds on the tundra. In the

study the calving ground is the Queen Maude area south of the Adelaide Peninsula. The timing of the
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migration is dependent on snow melt and the greening of the land (Gunn, et al., 2013; Fryxell and
Sinclair., 1988). In the spring and summer months the quality and quantity of plants to forage is a
direction correlation to the health of herds (Barrett and Gray, 2011). The ability of a female to forage on
nutrient rich food affects the lactation, antler development and health of the calves (Fryxell and Sinclair,
1988). A change in quality of food, temporal changes to snow melt, and human disturbance as some of

the factors result in changes in caribou migration, calving and grazing locations.

3.4 Background Data Information

The research in Gjoa Haven, Nunavut was led by Dr. Gita Ljubicic and spanned several years
beginning with a planning meeting in February 2010 and concluding with a meeting in February 2016.
During the summers of 2012 and 2013, 39 semi-directed interviews were conducted with 27 males and 12
females from the community. This larger project aimed to work within the Indigenous research paradigm
where the researcher: accepts and advocates Indigenous knowledge systems, where the community
determines the research agenda, the community is an equal partner in the collaboration of the research,
and there is reciprocal sharing of knowledge (Louis, 2012; Wilson, 2007). The broader project had a
number of diverse facets, and it is important to note that within this thesis the maps drawn in interviews
are the focus (see Section 3.4.1). This thesis engages in exploratory research around spatial
representation of TK. Therefore, it is acknowledged that this thesis works within this specific scope, and
is unable to address the full extent of knowledge and relationships shared through the larger project.

The prominent theme in the findings of the February 2010 Research Planning Workshop in Gjoa
Haven was caribou (Laidler and Grimwood, 2010). The participants noted that caribou health,
connections to climate change in relation to timing of migration, Inuit health related to the importance of
country food in local diets, vegetation changes for caribou foraging, habitat changes, appropriate research
methods and increase of predators were important to them (Laidler and Grimwood, 2010). As noted in the

literature review there is a general lack of knowledge regarding caribou presence in the KWI area. This
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lack of knowledge is the basis for the use of the TK of the 32 maps to better understand the collective
knowledge of the participants.

Caribou are also the dominant theme in the maps drawn by the participants which reinforces the
literature that suggests caribou are vital to the social, cultural and physical health of the Inuit. There is a
deep understanding, rich with information about types of caribou, specific herds, fluctuations in herd
sizes, migrations routes, health, knowledge of hunting grounds, calving grounds and detailed body
conditions of individual caribou (Pulsifer, et al., 2011, Kendrick, et al., 2008, Freeman, et al. 2000). The
information is both very specific and broad-based information with aspects of ecological management and
environmental insights. It also includes evidence that is not ecological but necessary to communicate the

information.

3.4.1 The Role of this Research within the Larger Project

The GIS research in this study is a portion of the larger project led by Dr. Ljubicic. The
original Mylar maps along with the digitized data were provided by Dr. Ljubicic (additional
details provided on page 36 — 37). Additionally, an overview document was provided to ensure
there was an understanding of the scope, direction and methodology of the project. The scope of
this research is through the use of a GIS platform to recreate vector data maps that aim to
visualize an accurate representation of the data. Further analysis consists of a conversion to raster
data and the use of a fuzzy methodology to produce maps that aim to more effectively represent

the collective knowledge of the participants.

3.5 Participatory Mapping

Participatory mapping was an integral portion of the interviews as TK has a spatial aspect as the
knowledge is related to the land (Duerden, et al., Engler, et al., 2013). The interviews and mapping took

place on various dates during July and August 2012 and July and August 2013 at the various locations in
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Gjoa Haven, Nunavut. To facilitate the participatory mapping during the interview a clear piece of Mylar
was securely taped down on all four corners of the table over the base maps in front of the individual who
was in the interview. Each of the interviewees had access to markers of varying thickness from fine to
medium point and in a variety of colours. In most cases the person being interviewed drew on the maps as
they were describing the answers to the questions the interviewer was asking. There were instances when
the eye sight or person’s comfort with drawing that the interpreter or interviewer would draw what the
person was explaining (Laidler, Personal Communication) This was only done after clarification that
attribute the person was drawing and where it was represented was exactly as the interviewee intended it
to be represented on the map (Laidler, Personal Communication ). The map in Figure 6 is identified as
map N5 drawn by one of the Elders on July 22, 2013.

3.5.1 The Interview Process

The interview mapping sessions were conducted by Sean Robertson (Postdoctoral Fellow at the
time, now Associate Professor at the University of Alberta) and /or Rebecca Mearns (MA student
working with Gita Ljubicic). Simon Okpakok was the local project coordinator in Gjoa Haven, and he
also often acted as interpreter, or Leonie Aaluk also did interpretation when needed during interviews (i.e.
Inuktitut/English translations). The interviews were conducted with one participant at a time, with an
interpreter as needed, and individual maps were drawn except map one which was a compilation drawn
by three participants during a verification workshop. The participants drew the information as they were
speaking about it, helping to illustrate the conversation. Interviews covered a broad range of topics,
facilitated by an interview guide prepared ahead of time, but also following the direction of the individual
being interviewed at the time, including:

¢ Introductions and personal context related to place of birth, where they grew up, where

they travelled and hunted, when they moved to Gjoa Haven and family connections
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e The importance of caribou, caribou herds and herd names, the presence of caribou on
King William Island, caribou health, changes in caribou over time, caribou range and
migration routes, uses of caribou and disturbances to caribou

e Cultural learning, inter-generational learning, role of land-based skills and now they have
changed in the context of life in a community, cultural values related to caribou and
otherwise, and the ways to integrate land-based and school-based learning.

o Caribou management practices with respect to experience with wildlife management
boards, Hunters and Trappers groups, co-management boards, traditional management
practices and ways the TK and western science can work in unison.

e The meaning of Inuit Qaujimajatugangit (1Q) in the community context.

o Efforts were made to ask relevant questions about timeframes, seasonality of information,
and traditional Inuktitut terminology (Ljubicic, Personal Communication)

Discussions and information drawn on the maps about caribou were a significant portion of most
interviews, and these are the focus of this thesis. Analysis and publications on the other aspects of
caribou knowledge and interactions will be shared through the work of others in the project. Therefore,
the data used in the research pertains only to the maps drawn, it does not reflect the information in the
dialog portion of the interview. Through a meeting at Carleton with Gita Ljubicic, David Atkinson, and |
in May, 2014, | was provided with a copy of the available verified data at the time, and the associated
digitized shape files ready for use in GIS analysis. Maps were shared in accordance with individual
consent forms, and under Carleton ethics approval. The caribou data is the only data that was included in

the study.
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Figure 5 Gjoa Haven Traditional Knowledge Map Number N5, July 22, 2013
There were four verification workshops in 2013 in an effort to ensure that the data that was
digitized aligned with the context in which the map author had intended. This iterative process is

imperative to ensure respect of the knowledge being shared, and that it is representing the original
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intentions in how it was shared. Each map was scrutinized for inconsistencies in data such as both a
point, line and polygon indicating caribou. Questions that remained were taken back to the contributor for
verification.

Each person’s knowledge contains their personal perspective on life in their community. Many
maps encompass temporal data regarding the abundance of caribou throughout their lifetime, health of
caribou, types of caribou, climate observations, notes pertaining to caribou calving and grazing areas as
well as areas of sick caribou. Many of these attributes are noted in Map N5 shown in Figure 5, as an
example. Numerous maps contain life stories beginning with approximate location of birth, historical
burial grounds, fishing locations, historical sites, data pertaining to musk ox, seal, polar bear, whale, and
Arctic fox.

The map in Figure 6 illustrates the plethora of data using points, lines and polygons. Caribou are
noted on maps as text, point, line and polygon. The various types of symbology representing one attribute

“caribou” requires in-depth understanding of the data to represent it as the author has intended.

3.7 Digitization Process

The digitization process of the original maps into a GIS was completed by Glenda Smith, at
Research Assistant on the project from 2012 — 2014, at Carleton University in Ottawa, Ontario, Canada.
The process outlined in Figure 7 highlights the procedure followed to ensure consistency, accuracy and
inclusion of all verified data. Each Mylar map was scanned as a TIFF file with settlements as control

points to assure each map was aligned in the same position.
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Align Mylar map with registration marks on base map
Add Settlements as control points

Scan in large format scanner

O pen Base map in SIS
Add TIFF file - fit to display

Align the control points with Base, save as TIFF

Open base map= in GIS
Add TIFF file
Add blank shapefile

Figure 6 Digitizing Process
The digitized versions of the maps resulted in 32 shape files in a vector format that were
duplicates of the original hand drawn maps. All information on each map was digitized however, this

paper will analysis data that pertains to caribou.

3.7 Vector Format: Caribou Data

The 32 map files created in the digitizing process were combined at Carleton into one map with
the original map number as the identifier. To perform analysis on the data by the attribute type: point, line
and polygon the data required further dissemination. The separation of caribou data is essential; therefore,
the data was extracted from the main file into three files by attribute type: polygon, line and point. Table 1
lists the data by the original map number for consistency with the number of lines, polygons and points on
each map. There is a total of 189 attributes in the maps of which 173 are used in the analysis. The point
data was not used as the data set is very small and points are not conducive to the fuzzy methods used for
analysis. Polygons where drawn on a total of 29 maps and line data was drawn on 19 of the 32 maps that
were used for the analysis. There are three maps where the author had drawn polygons within another
polygon. The data in two of these three maps simply noted both polygons as caribou presence. The third
map noted that one of the polygons indicated sick caribou. The data in these three maps were split into

two files with the map number A and map number B. This allows for the conversion of the data to raster

37



while maintaining all of the relevant polygons, in an effort to ensure appropriate representation of all

details shared.

Data Type and Frequancy by Map Number
Caribou Polygon Caribou Line | Caribou Point
Frequency Frequency Frequency

L3 2

N1 2 6

N2A 2 4

N2B 1

N3A 4 3

N3B 1

N4 4 5

N5 4

N6 1 4 3
N7 3

N9 10

R1.11 4 5 2
R1.14 8

R1.15 1

R1.16 7

R1.19 7

R1.2 1 3

R1.3 8

R1.4 2 6 2
R1.5 6 12 1
R1.6 1 2

R1.7 1 1
R1.8 1

R1.9 1

R2.1 1 7 5
R2.2 3 4

RR1.1.4 6 1

RR3.1.16 3

RR4.1.6 6 2
RR5.1.3 4

RR1.19 1

RR7.2.2 2

RR8.1.9 1

RR10.2.1A 1

RR10.2.1B 1

Total 76 97 16
Total Maps 32 19 7

Table 1 Data Type by Map Number

3.7.1 Line Data

The line data represents caribou movements by original map number as the identifier to the origin
of the original data. The lines may represent several different attributes: animal description, activity,
season, dates, place names and direction of route. As with the polygon data the route data is displayed by

map number as it is the only attribute that contains data for all the maps. Line data maps have been
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created by activity in Chapter 4 which highlight how the use of selective data changes the map context.

Lines that had direction on the original map have direction indicated in the digitized version of the map.

3.7.2 Polygon Data

The polygon data represents a variety of caribou activities including type, herd, hunting, calving,
rutting. The attribute table for the data has information split into seven categroies such as animal
description, activity, date, place name or season. The caribou map in Figure 10 is based on presence of
caribou. The attribute tables include other descriptors that are used in Chapter 4 to create thematic
specific maps to illustrate how the reduction in data reduces that information in the map, although they
are accurate they do not fullfill the research objectives set forth of representing cummulative knowledge

of the group of Elders and hunters.

3.8 Vector to Raster Conversion

In the vector format the data has limitations to the processes available in a GIS for analysis with
the key drawback being the inability to use processes that will display the data cumulatively. As seen
previously in Figure 10 the map is cluttered and not displayed in a way that any definable conclusion can
be drawn from the data. The conversion of the data from vector to raster creates a continuous surface
which will allow for great analytic functions in a GIS format. A raster surface allows for a value to be
assigned to each cell to create a continuous surface, whereas in the vector format the attributes can have a
value but all other areas are shown as no data (ESRI data Dictionary, (n.d.) Figure 8 illustrates the

continuous surface of raster verses the segmented surface of vector data.
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Figure 7 Vector Data and Raster Data Comparison

Important factors in the conversion of the data is the extent of the layers and the cell size. Every
layer converted must be consistent in these two factors. In this instance, the cell size was set at 500
metres. This was selected due to several factors: the size of the study area is large at more than 675,000
square kilometres and 500 metres is large enough to capture more than one element in a cell.
Additionally, the majority of the lines were drawn in a sweeping manner to indicate the general direction
of the caribou or spatial indication or the area but they were not drawn as specific routes. This
information is contained in the interview transcripts/ The research objective of cumulative knowledge was
also taken into consideration. This size of a cell was believed to be large enough to capture multiple
attribute that were drawn in roughly the same area. Cell sizes that are relatively small do not capture the
multiple data aspect and large cells may contain large amounts of data creating hot spots that are not
realistic (Cromley and Hanin, 2003). The extent of each file must also be consistent. In this case, the base
map file of Nunavut / Northwest Territories was selected to ensure that all the data was within the raster
converted boundaries. The process shown in Figure 9 indicates the steps required to convert all the line
and polygon data from vector to raster. The single vector file with all the data was converted to 32 files by
of caribou data by the extraction of data and using the original map number as the data reference and
consistency throughout the study. The line and polygon vector data was extracted by map number to
create a separate line and polygon file for each map. As stated previously, there are 19 maps with line
data and 30 that have polygon data. Following this procedure, the separate polygon and line files were

converted to raster files and saved by map number to ensure data integrity with raster in the file name. It
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is important to note that consistent naming of files is key to maintaining a database that is understandable

and accurate.

1 vector file
with data from
32 maps

32 Caribou
vector files by
Map number

|

I I
I I
19 caribou vectorline 32 Caribou vector
data files polygon data files

I I
I I
19 Caribou raster line files 32 Caribouraster
polygon files

Figure 8 Vector to Raster Data Conversion Process

3.9 Fuzzy Data / Euclidian Buffering

Traditional knowledge is inherently complex and broad ranging, considering interrelations
through all aspects of land-based experience, and it is these qualities that make it well suited to fuzzy
models (Engler, et al., 2013; Dunn, 2007). The caribou information drawn on the maps does not represent
fixed boundaries or exact routes as caribou are always on the move. The lines and polygons drawn are to
indicate where caribou are found in the area or they come from a certain direction. This generalization
between presence / no presence is well represented with a fuzzy model. The conversation to a raster
format allows for the use of fuzzy modeling where Euclidian buffer is added to the data. The data that is
in this buffer has diminishing degrees of membership to the attribute. The buffer is an area of a selected
distance surrounding the attribute that is suitable for the data. In this instance, the distance of 20
kilometres was selected. As stated previously the terrain is very flat ranging from sea level to 40 metres

with sightlines that are uninterrupted. It was deemed that this distance as feasible to observe caribou
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movements. Euclidean distance buffering measure the set distance in a two-dimension Cartesian plan.
The distance is the selected measure between two points on a flat surface (Boruff, et al., 2012). This
buffer compensates for the inherent imprecision in traditional knowledge. The process builds on the work
flow outlined in Figure 11 where the final number of files from the original map are 19 line files and 30
polygon files. A buffer is added to each of the single raster line and polygon files where the result is 19
buffered raster line files and 30 buffered raster polygon files. The raster cells in the buffer values are
determined by the distance from the attribute, either a line or polygon in this data set. The raster cells
closest to the attribute have the highest value next to the value set for the attribute. In terms of
membership, cells closest to the attribute have a higher degree of membership to the attribute than cells at
the out edge of the buffer zone. In this data, the attribute has a value of 1. The cells in the buffer decrease
on a continuous scale from 0.99999 to 0.00001 at the 20-kilometre limit, beyond the buffered cells the
value of the raster cell is zero as demonstrated in Figure 2.

The methodology uses an algebraic sum, where the sum is always greater than or equal to the
largest fuzzy member value. This results in an output value with a maximum of 1, which is the value of
the line or polygon in the data (Atkinson, et al., 2005). Each fuzzy buffered layer was divided by the
number of layers in either the line or the polygon fuzzy files, 19 and 32 respectively. This results in
values that total 1 in each case when the layers are accumulated. The results are a caribou route and
polygon raster shapefiles where every cell has a value from zero to a maximum of 1. Cells where one or
more authors draw data result in a value between 0.00009 and 1. Therefore, a cell with the value of 1 in
line buffered raster map would have all 19 maps with information in that cell. Similarly, in the polygon
data all 30 maps would indicate data in the same cell. In this analysis, each of the maps and the attributes
in them are of equal value as the Elders and Hunters drawing them did not indicate that any of the data
had significance over other data. It is imperative to represent that data as accurately as possible therefore,
a weighted method was not used to analyze the data. Lines and polygons and each map that contains them

has been assigned the same value.
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The selection of the number of categories represented in the maps is an iterative process. Five
categories were selected in the final process with the first category representing all the land where there is
no caribou data. The data was then divided into four remaining groups in the route map that represented
1-10 %, 10.01 -25 %, 25.01 — 50% and 50 — 75% hand drawn routes. These percentages indicate the
percentage of the group of 32 participants who draw a route or line in the raster cell. The same process
was repeated in the Caribou polygon map with five categories set at 0.99% which again represents the
regions that are exempt of data and the following four categories: 1 -10%, 10.1 — 20%, 20.01 — 40% and
40 — 67.46%. The percentages again represent the percentage of map authors that drew data in that raster
cell.

The methods of analyzing the data through the vector and raster format always a different
approach to analyze the data. The vector data is strictly qualitative while the vector is a sum of the layers.
While the analysis still qualitative there is a quantitative aspect. The transformation provides a dataset that
represents the cumulative knowledge in the maps with the ability to sum the layers to arrive at a value that
represents the number of maps that contain data in a specific cell. The use of the fuzzy method approach
creates a continues surface which aligns with traditional knowledge where an element cannot be separated
from the environment (Berkes, et al., 2009; McGregor, 2004; Duerden, et al., 1996; Pearce, et al., 2011;
Martin, 2009). Traditional knowledge is nested within the physical environment in a continuous mode
(Berkes, et al., 2009; McGregor, 2004; Martin, 2009). The processes used in this research enables the
transformation of the caribou data from vector to raster and through the use a fuzzy methodology with the
application of continuous buffers to produce maps that highlight the depth of the traditional caribou
knowledge while remaining aligned with the spirit of participatory mapping where the outcome is

supportive of the community priorities.

3.9.1 Potential Spatial Analysis Methods

Several spatial analyses methods were explored prior to selection of the fuzzy model to analyze

the data. Kernal and line density, which calculates the density of an attribute in a given distance selected
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from the attribute. This method does not produce results with polygon data. Getis-ord did produce results
for the data, however, the map did not have a continuous surface. Additionally, the “cold spot”
terminology in this case was not appropriate. Local Morans-1 was ruled out for the same reasons as Getis-
ord. Kriging is not applicable in this case as the point data set is to small and most the data is line and
polygon. The data was also distinguished by map number to understand the differences in the amount of
data per contributor. The data on maps with several attributes was compared to maps with very few
attributes looking similarities or difference in the location of the features. The fuzzy method was selected

as the analysis that would produce the most comprehensive results based on the research objectives.
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Chapter 4 Results

Two types of data were used to create traditional caribou knowledge maps: vector and raster.
Each of these data types produce maps with a varying degree of success in respect to the research
guestion used to analyze the data. The research objectives are an analysis of vector based Boolean data
and Fuzzy raster data to ascertain the ability of GIS techniques to produce maps that clear, concise, and an
accurate depiction of the data as it was intended. The two types of data will highlight the strengths and
weaknesses of both methods and answer the research questions of the need to disseminate the vector data
to analyze that data and is a fuzzy methodology best suited to represent the data as continuous surface.
The analysis will provide a greater understanding of type of data that represents traditional knowledge in
the form in which it is drawn and represented in the original maps. The following chapter will discuss and
analyze the results of the methods used to display the map information. The results are based solely on the
data contained in the 32 maps and does not make overall assumptions regarding caribou or traditional

knowledge in the study region.

4.1 Vector Data

All the caribou data in the vector format is contained in Figure 10, All Caribou Data. The map is
cluttered and is difficult to understand the data shown as it contains 173 individual attributes. The layers
in the map are arranged to provide an optimal outcome with the polygon below the line and point files. It
is noted that this order of files creates a map with the greatest number of feature visible. The polygons are
semi-transparent which makes the overlapping of data visible, however, it is not possible to know how

many lines or polygons are in the same area or how many cannot be seen as the are beneath another larger

polygon.

45



10, [EWIOJUO.) LIGUILT EPRUE,) TORI{0L]
£861 UEILIWY YUON SO - udisly Aeupaoo))
(01N, - STV ULDLIDWY GUON ) snFoan
aamog sdepy oseg

NOGUED e
noaueo [
noaues @)
s1u104 nogqued
Papi0olday ejeQ noqued Iy

o»am asinday

sajawo 08 oy 0Z 0

eInsuiuad elyjoog

o»um abpuquwe)

puej|s| BLIOIDIA

€10Z -ZL0Z NN ‘uaneH eolo ul papoday ejeq paje|ay noque) ||y

Figure 9 All Caribou Data.
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Vector data layers are displayed consecutively in top of each other. This causes the top most layer
to block out the layer below where data is present as illustrated in Figure 10. This type of data does not
provide a cumulative method where the number of layers in an area are identified and tallied. Figure 9
indicates the number of layers that are stacked upon each other to illustrate the effect that emerges in the
collective map in the vector format. In this scenario, the red polygon is the forth in the series as the top
layer. The layers beneath are not visible and one can only assume the number of layers beneath the top

red layer as it varies from one to three. Each of the layers in the data is a different type

Layer 3

Layer 2

Layer 4

Figure 10 Layering Effect of Vector Data with Similar Coordinates.

and therefore, cannot be processed in this format to view a cumulative total as units must be in the same

format to perform mathematical processes (Feizizadeh, et al., 2014; Atkinson, et al., 2005).
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The map in Figure 11 highlights the wealth of knowledge contained in the 32 maps used in the
analysis in regard to caribou routes and areas. This vector based data map also showcases the
shortcomings of the method as it relates to a large data set and the ability to treat the inherent vagueness
of the traditional knowledge. The map illustrates the vast area of knowledge and connections to other
communities in the region. The routes to Baker Lake to the south, Taloyoak and Kugaaruk to the east
highlight the knowledge of caribou routes by the participants.

There is clustering of routes in three areas where the island is geographically closest to the
mainland. The extent of the routes and areas of the TK covers an extensive 370,718,705 square kilometres
which highlights the extent of travel for hunting in the region, yet it is this expense that may add to the
inherent vagueness in this data. The map is cluttered with information and determining the amount of
data in one geographic location is not possible as the map contains both lines and polygons. The layers
are displayed with the polygon below the line data to enable the line to data to viewable. The polygon
data is drawn with a hatch line and a darker outline which emphasizes the amount of data the is stacked
on top of each other and visible. Based on these factors, only qualitative analysis is plausible as the map

contains two types of data, both line and polygon.
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Figure 11 All Caribou Route and Area Knowledge on 32 TK Maps, Gjoa Haven, NU.
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The route and area data have different spatial patterning that is very evident with the routes for
caribou on the land running towards or away from the island as direction is not indicated in this map due
to the amount of data shown in this map. Adding directional arrows to the routes is additional information
that adds to the clutter and readability of the map and does not aide in the explanation of the data in this
instance. The direction is shown in a separate map where it is the only data and the directional arrows can
be seen. The routes drawn either begin or stop at KWI. This may be a result of how the question was
phrased, the participants where asked the direction the caribou come from or the direction they go.
Whereas the data for the polygons is clustered on and around KWI1 with areas to the southwest in the
Queen Maude Bird Sanctuary area. The separation of the data by line and polygon will reduce the amount

of data and create an environment where analysis and spatial patterns emerge.

4.1.1. Vector Route Data

The data drawn on the maps is numerous with 19 of them containing line data for a total of 97
caribou routes. There are obvious clusters in the data in Figure 12 at three points on King William Island.
These areas are within closest proximity to the Boothia Peninsula to the northeast and to the south of the
island, east of the Queen Maude Bird Sanctuary. Each of the clusters is highlighted in Figure 12 Caribou
Route Knowledge. The largest cluster are the routes that are on the south side of the island in an area
which is very close to the mainland at a mere 3.8 kilometres. This distance leaves the heard crossing
spring ice and possibly open water as land has the greatest amount of accessibility from them. Kendrick et
al., 2008 states that caribou migration is affected by variations in weather such as warming, snow melt,
snow depth. The data in a Baker Lake study indicates that caribou seek narrow water crossings. This

coincides with the locations of the route data drawn by the participants.
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Caribou Route Knowledge, Gjoa Haven, Nunavut 2012

Cambrige Bay.

Repulse Bay.

0 30 & 120 Kilometres

Figure 12 Caribou Route Knowledge
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The region with north-south cluster of routes which run from KWI towards Baker Lake are
highlighted in red in Figure 13. These routes suggest the vast scope of the hunting region and the
knowledge of the land by the individuals who participated in the mapping study as the area covered by the
routes is approximately 434,553 square kilometres. There are also four routes drawn that show caribou
movement between King William Island and Victoria Island to the west. The connection between these
two islands are not noted in Northern Caribou Populations Trends 2010; Nunavut Caribou Strategy
Framework, 2010; Caribou Valued Component 2004; or in papers written by Anne Gunn or Anne
Kendrick. It is interesting to note that all lines were drawn either from the edge of the island away or from
distances away towards the island. None of the routes lines are drawn on the island. Again, this may have
been a response in the manner in which the question was phrased as to where the caribou come from and
which direction do they go. The routes also suggest movement of the caribou through the Queen Maude
Bird Sanctuary which is noted as a calving ground by Kendrick 2003; Gunn et al., 2013.

The data contained in the routes can be disseminated several ways, each of which explains the
traditional knowledge of the Elders and Hunter who participated in the research. As stated previously
there are two subspecies of caribou noted in the TEK: Barren-ground which are migratory herds that
winter near the tree line and move north to calve and rut. (Gunn, et al., 2010; Gunn, et al., 2011, Kendrick
and Manseau, 2008). The Barren ground belong to three main herds associated with the region: Beverly,
Bathurst and Ahiak (Gunn, et al., 2013, Nunavut Caribou Strategy 2011). Based on animal description in
the data only 19 % of the authors noted the species or herd with 9% identifying each of Barren Ground

and Peary which is seen in Figure 13.
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Figure 13 Caribou Species
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The data is displayed in the categories that the authors identified them as. They have used both
sub-species and herd as the same type of distinguisher. Peary or small caribou routes are identified on the
northern tip of the island to the Boothia Peninsula and to Victoria Island. The routes that are identified as
Barren-ground are shown south of the island running to Baker Lake, from the east along the Queen
Maude Gulf to the point of the mainland closest to the island. Additionally, a route to the east of Gjoa
Haven to the peninsula is identified. The remaining 81 % of the routes are unidentified as to the species or
herd. All three of the previously discussed clusters contain unidentified routes as well as the routes that

are the longest or run the farthest from the mainland to King William Island.
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Figure 14 Caribou Route Types
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Through the use of GIS, the data can be displayed in a multitude of ways dependent on how it
was created in the database. This data was created with an activity column in the attribute table of the file.
92% of the data in this activity category pertain to caribou migration or routes show in Figure 14, Caribou
Route Types displays. In this same category, only 4% identified routes as hunting, which again can be
attributed to the way the questions were asked during the interviews. All data has been included to
analysis all caribou data included in the maps. The hunting routes are on the mainland, one following
along the coast in the Queen Maude Bird Sanctuary region, one west of the sanctuary south-east of
Cambridge Bay. The third route is along the coast in the Chantrey Inlet south of King Island where the
Back Rivers flows into the sea. The forth route identified as hunting runs from the Back River in a south-
east direction. One Elder noted a hunting route in the cluster south of KWI that denotes a “change in
range” Another draw a route along the Eastern shore of McNaughton Lake is simply listed as a trail.

The direction of the route is important as it indicates the migration from the south in the spring
and from the north back south in the fall (Kendrick, et al., 2008; Kendrick, 2013; Parlee, et al., 2005).
The maps in Figure 15 & 16 indicate that caribou travel to and from the island with the map in Figure 16
showing KW1 at a closer view. The routes drawn indicated that the caribou travel on and off the island at
three main points where the island is closest to the mainland. The routes indicate that there is a
convergence of caribou to the island which a contradiction to the literature where KWI is missing as

noted by Ljubicic, et al. (2017).
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Caribou Routes that Indicate Direction In Gjoa Haven, Nunavut Summer 2012 & 2013
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Figure 15 Caribou Routes Direction of Travel

Caribou Routes that Indicate Direction To and From KWI , Nunavut Summer 2012 & 2013
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Figure 16 Zoomed in KWI Direction of Routes
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Evaluating the data in the season column of the attribute table also displays direction of travel
with only 20 % of the maps indicating a season. One map indicates summer as the season with the route
following the coastline in the Queen Maude Gulf area. Three maps indicate fall with the lines clustered
running south of KWI in the area that is closest to the mainland. The spring routes run north from Baker
Lake, east to north-east and one line indicates the movement from the Boothia Peninsula towards King
William Island as show in Figure 17, Seasonal Caribou Route Knowledge. Based on the information on
the maps the participants placed more emphasis on spring migration towards the north than the fall

migration south.
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Figure 17 Seasonal Caribou Route Knowledge
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The vector based route data reveals patterns, spatial clustering, seasonality, the type of caribou
and the type of caribou activity. The drawback to this format is the inability to analyze the data in a
cumulative manner which would illustrate the number of caribou routes or areas that the Elders and
Hunters have indicated in each of their maps. In vector route maps, there is evidence of clustering but the

data requires further processes for a greater understanding of the collective knowledge.

4.1.2 Vector Polygon Data

The polygon data in a vector format illustrates that there is a concentration of knowledge
pertaining to caribou on King William Island and the surrounding region in the study area. As with the
route data there is a layering affect with the data which does not definitively indicate the number of Elders
who drew polygons in a specific area. The Caribou Area map in Figure 18 has been created with hatched
polygon that are transparent with a red outline to illustrate the overlapping polygons that demonstrate an
accumulation of knowledge based on the original areas drawn. There is a total of 26 maps of the 32 in the
dataset that contain caribou polygon data. Three additional files are included which are polygons that
were drawn within a larger polygon for a total of 29 polygon layers. In order to represent all of the data
these polygons were extracted and named for the map number and B to donate extracted data. The
extraction of these smaller polygons is necessary in the raster process and has no affect in the vector
process other than it allows for the movement of small polygons to the top all provide a clearer visual to

all data.
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Figure 18 Caribou Area Knowledge
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Unlike the route data, 27 % of the polygons are on King William Island or KW!I included in the
extent of the polygon. There is also a cluster of routes to the east of Gjoa Haven on the Boothia Peninsula.
The region on the mainland to the south of the KWI accounts for 24 % of the polygon data. The southern
extent of polygon data is north of Baker Lake some 358 kilometres south of Gjoa Haven while the caribou
route data has a southern extent is 470 kilometres from Gjoa Haven. There is an additional cluster of
polygons in the region where the Back River flows into the sea in the Chantrey Inlet. The polygon that is
the most western data along the coast south of Cambridge Bay is the same area that is noted in the hunting
map data, this data was drawn by different authors reinforcing the sharing of knowledge as suggested by

Kendrick, 2008; Kendrick, 2013; Wenzel, 2004; Russel, et al., 2000.
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Figure 19 Caribou Areas by Species.
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The polygon data displayed by animal description in the attribute table indicates that only 8 % of
the authors identified species. Three identified Peary which are all located on the northern portion of King
William Island as highlighted in Figure 19, Caribou Species. One small polygon is noted as “big” that is
located on the mainland to the south of the island. There is also a region on KWI that is noted as a cross-
breed Barron Ground-Peary. The author of R1.11 indicated a polygon on the mainland in the region of the
Queen Maude Bird Sanctuary where he noted on the map “Qamanituaq” which translates to Baker Lake
in Inuktitut. the author also noted 25,000 herd”, indicating it is a herd that originates in the Baker Lake

region (Baker Lake.ca).
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Figure 20 Caribou and Human Activity
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The activity column in the attribute table contains a wide variety of information. The data
contains both human and animal activity as it displays both hunting, fishing, calving and rutting and range
with 53 % of the polygons listing data for this attribute as detailed in Figure 20 Caribou and Human
Activity. Range relates to where caribou were in a different era based on the text on the map. Two of the
polygons on the mainland note the 1960°s while the third which roughly follows the outline of the KWI.
The note for the data states that there was no caribou in the 1970’s and 1980’s but data contained in the
maps indicates that the caribou have returned to the island.

A map of interest is the TK of caribou health with areas noted as “sick caribou” shown in Figure
21, Caribou Health. The number of authors who indicated sick or caribou are too few to interpret, but
should be noted in the analysis. One polygon is located to the east of Gjoa Haven on the Boothia
Peninsula which is the same region that there is a cluster of caribou routes and areas. The notes for this
polygon state “sick and dead caribou”. The two additional polygons are in the Chantrey Inlet Lowland
where the Back River empties into the sea. The smallest of these two polygons is the furthest south notes
“1994” but does not indicate if this was the only time that they hunter encountered unhealthy caribou or if
this has occurred since 1994. The larger polygon simply notes that there are sick caribou and does not
elaborate or provide a time frame. These locations are also noted as a hunting routes and in areas where

there is a cluster of caribou polygons.
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Figure 21 Caribou Health
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The time of year or season was given in the polygon data with 41 % of the polygons labeled with
a season as shown in Figure 22, Caribou Areas by Season. There are seven polygons that are labeled both
summer and winter and one noted as summer and fall. The authors did not offer further explanation to
multiple season notations on the maps. There is no definable pattern or location from the information in
the maps that explains the variation in hunting locations. During the winter months’ caribou are hunted on
King William Island as well as the mainland south of the island. There are two large polygons that denote
spring hunting in the region south of the island as far south as the outlet for the Back River in the
Chantrey Inlet Lowlands. Summer hunting grounds are the entire island, a cluster to the east as well as
small areas south on the mainland. There is one large polygon in the Queen Maude Bird Sanctuary and
south to Garry Lake. One author noted a small polygon on KWI where he hunts in the summer and the
fall. The data on seven of the maps suggests that caribou is hunted in the summer and winter on King

William Island and areas to the south and south-west on the mainland
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Figure 22 Caribou Areas by Season
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The historical caribou knowledge imbedded in TEK is shown by decade on the map featured in
Figure 23, representing participants’ interaction with caribou over time. The data set is not large enough
to assess causation for changes in hunting locations, but rather it is a shared knowledge and reflects
experiences and different hunting regions over their lifetime. There were only 23 % of the participants
that made note of time frames. The format they wrote in varied from a specific year or two, a decade, two
decades, past, now, current and multiple which does not have an explanation. The data was categorized
into decades if a specific year was noted or notes that did not contain a year but text that identified a time
frame. Any linguistic clues that pertained to current times as well as current dates were change to
“current”. Those that noted hunting in current times were 18 %. The Elder that noted “past” did not
elaborate on the time frame which is consistent with the author that labeled a polygon “Multiple”. The
polygons that are labeled as current also contain within them polygons dated 1950, 1980, 1960, 1960-70
and past. The only polygon that is not within the current polygon is a small one south west of the outlet of
the Back River. The temporal TK data indicates that caribou is on King William Island and the numbers

may fluctuate as indicated in the text on the maps.
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Figure 23 Caribou by Decade

71



The analysis of point, line and polygon data provides insight pertaining to the collective caribou
knowledge on the maps. Each of these maps details important information that is relative to the residents
of Gjoa Haven and the surrounding communities whom they share this knowledge. The power of the
knowledge in a visual format will aid in understanding the nuances of caribou in the region as the
visualization of the TK aides in understanding the collective knowledge of the region. The data specific
maps such as health are useful as a collection of TK to better understand the changes and management of
herds. In this format, the data is fragmented and does not provide the cumulative power of the
knowledge. Further data analysis in raster format will provide a measure that has greater significance than

the vector based maps.

4.2 Raster Data

The raster based maps incorporate the power of cumulative analysis and the spatial scope of TK.
TK is not generally location specific (i.e. as defined by finite boundaries) but rather knowledge that can
contain information in the form of a story, weather, herd health and numbers or generalities about
migration routes and timing it is well suited to a fuzzy methodology (Kendrick, 2005; Kendrick, 2013;
Johnston, et al., 2015; Ford, et al., 2010; Caquard, 2011; Berkes, 1999; Berkes and Berkes, 2009; Wenzel,
2004). The maps in Figure 25 and Figure 26 illustrate the breadth of the caribou knowledge combined in
the maps that are the basis for this research.

A fuzzy methodology is well suited to the variability of TK as it establishes continuous values
within the buffer which denote the degree of membership the area surrounding the attribute has to the
attribute for one or more of the caribou routes or the polygons (Berkes, et al, 2009; Dunn, 2007). As noted
previously the 20 kilometre buffer was established based on the terrain, elevation and the probability of
observing a caribou herd at that distance. This continuous surface data creates clear distinct patterns and
highlights knowledge nodes or intersections that were apparent in the vector polygon and route maps but
the data is a clearer visual representation of TK. It allows for the accumulation of the data as a single

image rather than lines and polygons drawn in succession as in vector data. Additionally, the fuzzy
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method requires a mathematical process to create the surface, this formula provides a process that is
repeatable. The data set includes every line and polygon that was identified as “caribou” in the original
data. This methodology also highlights those lines or polygons that are unique or outside of the
concentrations of knowledge that denote distinct experiences. The maps created have clear patterns
without the clutter that effectively highlight the areas of shared knowledge. Both the route and area maps
contain all the data from the original 32maps that pertains to caribou and is either a line of polygon

attribute. As noted previously, the point data set is not large enough to preform analysis on.

4.2.1 Raster Route Data

The data contained in the route raster map is a duplicate of the data in the route vector map which
consists of the 19 maps that comprise route data of the 32 maps as previously noted in Table 1. The
number of categories of data displayed in a GIS is an iterative process. The default in many GIS displays
the data at five natural breaks in the data set which are not ideal for this information. The computer driven
defaults do not include the nuances or the knowledge that comes from studying these maps. Judgement
decisions are required to select a display method that best represents the data. However, it is imperative
to ensure that the data is displayed in a manner the is culturally appropriate and understandable to Elders
who many not speak English as a first language. The five categories selected in Figure 24 best represent
the collective data with the first category of 0.00 meaning none of the participants indicated data in that
area. The break points of the four groups that contain route data produce a surface that best highlights that
collective knowledge on the original maps. The areas that are light green with a single yellow line in the
centre are buffered routes with the yellow line as the route and the green represents the buffer. In areas
where several lines are present as in the hotspots the buffers overlap creating a higher number which

creates the area where a higher percentage of the participants drew routes.
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Figure 24 Fuzzy Caribou Route Data
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The route knowledge indicates the three clusters or knowledge intersection areas that were seen
in the vector based map. The area south of King William Island which is only 3.8 kilometres from the
mainland has the highest concentration of knowledge with 0.5 -0.75 of the authors drawing a route in the
area. The proximity to of the land masses aligns with caribou research that suggest caribou cross water at
the narrowest points to avoid swimming. This hot spot is also surrounded by an area where 0.26-0.50 of
the authors also drew a route, suggesting that participants indicated that this is an important area for
caribou coming to the area and where they head in the fall migration returning to the south. The region
south to Baker Lake which is mentioned in the transcripts as a cultural connection has a continuous route
with at least 0.01-0.10 of the participants drawing a route in the area. There is a zone that is 74 kilometres
south of the main cluster at the coastline. This additional hotspot that is 112 kilometres in length and 19
kilometres at its widest point was not evident in the vector maps. Scattered throughout the region south of
the island there are large areas indicated in yellow that show routes where up to 0.11-0.25 of the
participants indicated caribou routes. Given the vast area these maps cover multiple routes within the 20-
kilometre buffer highlight the precision of TK. There are single small line segments throughout the
hotspot areas where up 0.25 drawn a route. The route to Garry Lake which is also noted in the polygon
data indicates cumulative knowledge in the 0.11-0.25 range. This is a large continuous range from the
large hotspot south of KWI running in a south, south-west direction which is 64 kilometres at the widest
point.

The second hotspot is east of Gjoa Haven and west of Kugaaruk. The area between KWI1 and the
Boothia Peninsula indicates that 0.11-0.25 of the participants drew routes in this region. This area does
not have the accumulation of routes that it appeared to have in the vector map. The third hot spot to the
east of Gjoa Haven on the Boothia reveals the travel route of caribou that is not noted in any of the
literature. The hot spot that indicates route at the north end of KWI and the peninsula north of Taloyoak
reinforces the traditional knowledge with more than 0.51 of the participants indicating that the caribou

travels this route. Although co-management board herd maps do not show an abundance of caribou
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presence in this region the Elders in this study have drawn and spoke about hunting in the area. This is an
area that hunters and Elders mention both Barren-Ground and Peary Caribou.

The data in a raster format provides greater clarity in respect to the routes in proximity to King
William Island. This method provides a more representative indication of caribou movements, as caribou
would not walk the same single route or line. The hotspot south of the island indicates a clear connection
to the mainland with a portion of the highest grouping of 0.51-0.75 of the lines are in this area. This
highlights the importance of the crossing point as the caribou move onto the KWI. The area to the east of
Gjoa Haven designates the hotspot on the Boothia Peninsula that is in close proximity to the island. This
same affect is seen in the third region on the northern end of the island. These hotspots highlight the

cumulative knowledge of the participants and the power of the visual perspective of knowledge.

4.2.2 Raster Polygon Data

The polygon data shown in Figure 25 is based on a greater number of the maps with 26 of the 32
original maps containing caribou data. As noted previously, 29 separate files were used to account for 3
maps in which a polygon was drawn within the boundaries of a larger polygon. As with the route raster
data the use of five categories for the raster polygon data is based on an iterative process that begins with
the default with categories at the natural breaks in the data. Additionally, the same number of categories
was used to ensure consistency in the analysis. The natural break for the lowest category is above one
which does not accurately display the areas that did not contain any data in the original maps seen in

Figure 26
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Figure 25 Fuzzy Caribou Area Knowledge

77



The five category breaks that were selected create one category with no data and the next two at
10% intervals and the final two at 20% intervals. The selection of category breaks is an iterative process
to find a solution that best represents the data to produce a map that emulates the data as it was drawn in
the original maps. This five-category display is crisp and provides a clear visualization of the data. The
data in the polygon raster map, Figure 26 is centred on King William Island. In comparison, the data in
this map does not cover an area that is as large as the linear data in Figure 25. The closest polygon to
Baker Lake is 120 kilometres north of the hamlet. The region with the highest percentage of polygons
cumulatively is KWI, the hotspot to the east and the region to the south of the island. These red hotspots
are areas where 41%- 67% of the polygons are drawn. This is opposite of the route data drawn on the
island which is very limited. The entire island is in the 41% - 67% cumulative knowledge range except a
small portion on the west coast closest to Victoria Island. The data appears to follow the shape of the
island which may be triggered by the way it was recorded. There are maps where the author has followed
the shoreline of the island to indicate that caribou is found in many places on the island. Hence, when the
buffer is added the outline follows a similar shape. This accumulation of knowledge and the 20 Kilometre
buffer creates the area in the 21%- 40% range that surrounds the hot spots. The Chantrey Inlet Lowland
area south of Gjoa Haven where the Back River flows into the sea is another region with cumulative
knowledge at 21% - 40%. This region and the large area to the southwest in the Garry Lake area on the
mainland south of KW1 are distinct regions that have been noted as caribou areas and are not a result of
the 20 kilometre ring buffer effect that is seen on KWI.

The hotspot to the east of Gjoa Haven on the Boothia Peninsula west of Kugaaruk was also noted
as a location with multiple polygons. Furthermore, there is an area south of Cambridge Bay that indicates
collective knowledge in the 01%-10% range which was also noted in the Cumulative Route map and in
the vector maps. All the areas that indicate greater than 21% caribou presence are all within 50 kilometres
of the shoreline or a large body of water. Without further discussion with the participants, knowledge of

the terrain and plant phenology the reason for this is unknown.
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The fuzzy methodology produces a map that provides a clear visual of the cumulative knowledge
of the participants. The hot spots and very distinct and pinpoint the areas. This map provides the Elders
and Hunters a unique image of their collective knowledge of caribou in the region based on the questions

in the interview.

4.3 Comparative analysis of Hunting Data in Vector and Raster Fuzzy Formats

The data for hunting in both the line and polygon datasets was extracted from 18 maps that
specifically indicate hunting caribou and combined to create hunting maps using both vector data and
raster data. It is noted that one of the polygons was labeled “hunting and fishing”. In order to remain true
to the data it has been included. The vector data map in Figure 26 illustrates the precise data geo-
referencing where the line and polygon is exactly where the map author drew the attribute on the Mylar
map. The placement of the layers of data is imperative to the outcome. The linear data is placed above the
polygon layer to ensure that the lines which are limited and in the same area as the polygons are visible.
The vector data map indicates that the areas drawn pertaining to hunting are clustered on and near King
William Island. The line data is limited to four lines which of two are completely within an area defined
as hunting, one in the Back River area begins within a hunting area and continues in a south-easterly
direction beyond the polygon. The forth line the indicates hunting abuts the polygon south of Cambridge
Bay.

There is a clustering of polygons on the peninsula on the Boothia Peninsula to the east of Gjoa
Haven and a secondary cluster south of Gjoa Haven on the mainland. There are several areas on KWI
where more than one of the participants indicated an area they hunt for caribou. The number of polygons
on the point of land on the Boothia Peninsula to the east of Gjoa Haven and the area to the south of KWI
that is closest to the mainland are unknown in the vector map as noted previously. As stated previously
the data in vector maps is not cumulative, it depicts clusters of polygons but the number of polygons in
the clusters is unclear. Additionally, polygons in the hunting map dissect each other splitting the polygon

where a portion has a higher collective value than another portion of the polygon.
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Figure 26 Vector Caribou Hunting Knowledge
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Figure 27 Cumulative Raster Caribou Hunting Knowledge
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The direct comparison of the two types of data and the use of the fuzzy methodology highlight
the differences between these two methods. In comparison, the fuzzy method map in Figure 27 indicates
distinct hotspots or knowledge nodes that are evident in the same areas as previously noted in the vector
maps. However, there are clearly defined and less ubiquitous. In the vector map it appears as though all of
KWI is a hotspot, however, the hotspots in the fuzzy map indicate distinct areas of KWI in the 0.41-1.00.
This indicates that of the 18 maps that specify caribou routes or areas 7 to 18 of the Elders and Hunters
drew caribou hunting knowledge in these areas. The hot spot that was noted east of Gjoa Haven on the
Boothia Peninsula appears as a hotspot on the fuzzy map, while the area that is south of KWI indicates a
tighter smaller hotspot that indicated in the vector map. The Chantrey Inlet and Back River area fall in the
20-40% range as does the remainder of KWI island except for a very small peninsula north of Gjoa
Haven. The 20 kilometre buffer zone added to account for the inherent vagueness of the data has created
two areas to the south-west that are not shown in the vector map. There is a large area in the 0.01-0.10
range in the Garry Lake Region that corresponds with a polygon on the vector map with a small region in
the 0.11-0.20 range that is within the large polygon which is visible in the vector map.

The fuzzy method provides a map where all participants data is given the same weight, the data is
combined and displayed in an equitable manner. The contrast between these two methods of displaying
data allows for the comparison of qualitative and quantitative methods. The fuzzy map provides a cleaner
more precise depiction of the data.

The map in Figure 28 depicts a combination of raster based caribou hunting polygons and routes
with the 20 kilometre buffer added to both. The fuzzy process is not included in this map. The ability to
view the original vector data with the buffers added simultaneously highlights the buffers and provides
for a clearer understanding of how the buffers can interact and create false values when the cumulative
steps are added to the process. The black lines indicate the polygons and the four red lines are the hunting
routes that were noted on the original maps. The two areas to the west of the major cluster of data on KWI
and the area south clearly indicate the overlap of buffers, the large polygon in the Garry Lake region with

a smaller polygon the intersects it to the north. In the area, south of Cambridge Bay a polygon and a line
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were both identified as hunting overlap and the buffers could have a tendency in both examples to

increase the hotspot area.
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It is important to note that the fuzzy concept does not enhance data from small datasets. For
example, performing the conversion to raster, applying the buffer and running a fuzzy model would not
enhance the linear or polygon data in the seasonal maps noted previously in Figures 18 and 23. The data
in the linear map does not overlap, every line is clearly visible. Data in the polygon map does have
significant overlap, yet the map in the original format clearly identifies geographic differences in seasonal
information. It is important to note that the fuzzy method is not based on one attribute: it is both line and
polygon data combined. The ability to combine linear and polygon data enhances the effectiveness of the
process. Yet, a limitation is the ability to depict data that is varied as in the season data. The fuzzy method
would not distinguish the seasonality of the data. Converting the layers to raster and applying the
processes required in the fuzzy method would not provide any additional information. However,
separating out of small datasets in a vector format to highlight them does enhance the clarity and provide
the contributors additional information about their collective knowledge as seen in the Figure 18 seasonal
routes and Figure 22 Sick Caribou

The large raster based data in the cumulative maps has greater detail and clarity when a fuzzy
methodology is applied. These maps provide the Elders and Hunters a view of their collective knowledge
which may not have been viewed in the encompassing way previously. These maps are a clearer
indication that the collective knowledge of the 32 participants extends throughout their entire region. The
vector based maps that are based on specific attributes in the dataset fulfill some of the key research
priorities that were set out in the planning meeting of February 2010 in Gjoa Haven, Nunavut which lists:
identifying different caribou herds on King William Island, caribou health and temporal changes. This
research does not answer the impact of climate change, long term cycles of caribou abundance, increase
in predators and changes in habitat due to climate change. These questions may be better suited to

analysis through the use of remote sensing.
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Chapter 5 Discussion

The objective of this research is using traditional caribou knowledge parsed from 32 maps created
by Inuit Elders and Hunters in Gjoa Haven, Nunavut during the summers of 2012 and 2011, to use GIS
tools to create meaningful representations of the knowledge shared. The first objective was to use the data
in a vector format to understand the ability to create maps that are accurate and display the TK as it was
intended. The second objective was through the use of a fuzzy methodology create maps that are a
collective continuous knowledge surface that is a closer representation of traditional caribou knowledge
than vector based data.

The meld of TK and GIS highlights the compatibility of two different knowledge systems while
simultaneously depicting the challenges of using traditional spatial knowledge in an appropriate context.
The efficacy of a map is the ability to create maps that are meaningful and true to the TK drawn in the
original maps (Bryan, 2011). The use of TK as a confident data source is significant to the Inuit as
traditional knowledge has been the keystone to their survival in the Arctic (Duerden et al, 1996; Engler at
al., 2013; Freeman et al 2005; McGregor 2004). Generations of knowledge of wildlife, environmental
changes, and how to live in harmony with the land has been transferred from one generation to the next
and western science is only beginning to understand the breadth and depth of it. Inuit society is dependent
on caribou; they are vital to their culture, health, and societal traditions (Kendrick, 2003; Miller at al.,
2009; Russell et al., 2000). However, caribou traditional knowledge does not appear to be the basis or
used on par with western science in caribou management decisions.

The 32 Elders and Hunters who participated in the research drew maps based on semi-directed
interviews of knowledge that was important to them based on the questions asked by the interviewer. The
methodology adhered to during the interview process was an Indigenous research framework where the
research questions are community driven and are based on respect, reciprocity and accountable

relationships which ensures the Inuit guide the research (Ljubicic, ND; Crampton, 2001; Windsor, et al.,
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2013; Peters, 2013). Participatory mapping aligns with the Indigenous research theory creating
collaborative community driven research (Peters, 2013). The use of drawing as a means of
communicating TK is a culturally appropriate medium (Pulsifer, et al., 2011). Additionally, the
Indigenous framework in which the larger research project lead by Dr. Gita Ljubicic was conducted under

creates collaborative work with a common goal of equal knowledge for all participants.

5.1 Successes and challenges of Vector Data Maps

This series of maps produced provide a collective understanding of the traditional knowledge of
the participants in this study. The TK in the maps is communal knowledge that is shared between these
Hunters and Elders. This series of maps as a whole synthesizes the data collected and creates images of
knowledge and hotspots of knowledge where multiple authors data intersects. The vector maps generated
from caribou areas and routes in Figure 15 highlights the knowledge that the participants have about
caribou in their region. These maps indicate hunting and migration routes, hunting areas, calving grounds,
areas of caribou abundance, temporal changes, caribou health and type of caribou. The data contained in
the map overwhelms the visual aspect as it is cluttered, visually noisy and most importantly data in a
vector format does not have the capacity for cumulative measures (Feizizaded, et al., 2014; Atkinson, et
al., 2005). Additionally, the layering effect of data where the top-most layers’ obscure that data below
lead to the lack of clarity in the maps. While there are three areas where there are knowledge nodes the
number of participants who indicated caribou data in an area is unknown. The data in this format does
not provide an equitable view of the contained knowledge and may inadvertently convey a power
imbalance due to a lack of clarity (Crampton, 2001). The richness and depth of the data as well as the
abundance of knowledge the 32 participants is evident, yet when displayed in its entirety in this format
the true collective knowledge is unknown. Further dissemination of the data is required to fully
understand where caribou are located and to what degree this knowledge is shared among the Elders and

Hunters
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There is a correlation to the decrease in data shown and clarity observed. The map in Figures 13
and 19 which display linear and polygon data separately allow for greater clarity. The linear data shows
three clusters of data that indicate there is a shared knowledge base among the participants. These
hotspots of caribou information may have been known among the Elders and Hunters of Gjoa Haven but
the degree to which they exist was unknown. The line data also indicates familiarity of the Baker Lake
herd as noted in text on several maps. There are ten lines that indicate caribou extending to the south-west
which is noted by Gunn and Kendrick as areas that migratory Barren-ground caribou winter. These routes
also indicate caribou in the area of the Queen Maude Bird Sanctuary which is noted as a calving ground.
(Kendrick, 2003; Gunn, et al, 2013). Additionally, there is a connection to Victoria Island that shows
four caribou routes which was not mentioned in any of the literature examined for the study. This may
indicate that there are caribou routes that are not noted in government and co-management boards maps
from the Nunavut Caribou Strategy or the BQCMB.

The further dissemination of the route data to indicate type of caribou demonstrates a disconnect
between the way that caribou are identified by co-management boards, government and the TK of the
participants. When indicating caribou 81% used “caribou” as the descriptor. Of those that did identify a
species or herd only 9% identified either Barren ground or Peary caribou. There is a clear distinction in
the regions where Barren-ground and Peary caribou are located based on the TK data in the maps yet they
are not named by sub-species or herd. The Peary caribou routes where identified on the northern portion
of the KWI with connecting routes to Victoria Island and the Boothia Peninsula north of Taloyoak.

The direction of travel during migrations is an indication to the time of the year as Barren-ground
caribou migrate to the southern reaches of the ranges in the winter months and move in a northerly
direction in the spring (Kendrick, et al., 2008; Kendrick, 2013; Perlee, et al., 2005). The maps indicate the
migration from the south and south-west towards King William Island but 20% indicated the season with
only three showing fall and a movement from the island to the mainland. These results may be attributed

to the questions asked and the flow of the conversation with the person drawing the map. One participant
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indicated summer which was drawn in the Queen Maude flats regions that has been identified as calving
grounds by Gunn and Kendrick is multiple research papers.

The caribou area maps which are represented through the use of polygons create the same clutter
and visual noise that the line data maps create, but have a greater amount of layered data. The participants
clearly indicate that caribou are on KWI although the island is not included in most barren ground caribou
maps. This reinforces the inherent social and political statements about the data that is and is not included
in maps (Crampton, 2001; Engler, at al., 2013). Displaying the data by caribou species and range the map
data has five areas that specify the type of caribou which is only 8% of the data, leaving the remaining
92% noted as “caribou”. The polygon noted as “Qamamituaqg” is Inuktitut for Baker Lake and may
indicate a connection to the Bake Lake herd. This map also places Peary caribou on the northern portion
of the island which aligns the routes identified previously. The overlap of caribou areas displayed in the
polygon maps reinforces the sharing of knowledge as suggested by Ljubicic and Grimwood, 2010;
Kendrick, 2008; Kendrick, 2013; Wenzel 2004; Russel et al., 2000. Additionally, the number of polygons
drawn in the same area may be an indication of the transfer of information that is imperative to survival in
hunter-gathered societies, it is an aspect of social processes that are critical to life in the Arctic (Engler, et
al., 2013; Pulsifer, et al., 2011; Leduc, 2006).

The activity related to caribou was overwhelmingly noted as hunting which is crucial to the
health and sharing of resources in the community (Mason, et al., 2012; Engler, et al., 2013). They have
indicated that caribou are found on the island on a year-round basis and include Barren ground and Peary.
Of importance are the areas notes as “sick caribou” as both are in regions noted as hot spots for caribou
hunting. The map in Figure 18 which indicates seasonality highlights the lack of knowledge about caribou
in the region by the Nunavut government and the co-management boards as the data on the map suggests
that caribou are located on the island year-round

The data contained in the maps dates to 1950°s and is rich with information that could enable co-
management boards the ability to map and understand the actual extent of herds and the temporal

fluctuations. While the data is limited in respect to the temporal variations drawn on the map there are
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areas that indicate caribou in the 1960’s, 1980°s,1990’s, and current times. The data on the mainland dates
to 1950’s with some noting “past” and the area south of Cambridge Bay listing several dates. This long-
term temporal data dating back over sixty years reinforces the need for the inclusion of traditional
knowledge to understand the fluctuations in caribou populations.

The power of these maps is in the clarity of the data specific maps that indicate the cumulative
knowledge of the participants. The knowledge in these maps highlights the depth of the TK and the
importance to the cultural integrity of the Inuit community. The use of GIS to display vector based data
allows for the visualization of the collective mental maps to highlight the shared knowledge which is the
cornerstone of TK (McGregor, 2004; Duerden, et al., 1996; Freeman, et al., 2000, Pearce, et al., 2011).
The vector based theme specific maps depict the crisp lines drawn and areas with clear borders creating a
binary presence / no presence depiction of the caribou TK drawn by the participants. However, the maps
that include all the data do not produce information that aides in understanding the spatial distribution of

caribou in the KWI study area.

5.2 Successes and challenges of Raster Data Fuzzy Method Maps

The results of the cumulative analysis using raster data and a fuzzy methodology highlight the
depth of shared knowledge contained in the 32 maps. The cumulative maps are mathematical equations
that represent the traditional knowledge which can provide the community with potential for a greater
influence TK in their lands (McGregor, 2004).

Traditional knowledge is inherently incorporates degrees variability over time and space, and thus
it is well suited to a fuzzy methodology (Dunn, 2007; Jiang, et al., 2000; Berkes and Berkes, 2009;
Berkes, et al., 2009). Additionally, this methodology allows for the use qualitative and well as
guantitative data (Berks, et al., 2009). Fuzzy methodology accounts for the excluded middle of standard
binary data which must be true or false. Traditional knowledge is a continuum between true and false with
varying degrees of correctness (Berkes, et al., 2009). The use of linguistic cues in TK such as; near here,

close by, and this area allows for the inclusion of all the data independent of where it lies on the

89



continuum. The data that falls between true and false is represented in the buffered area surrounding the
data with data that is closer to the original line or polygon having a higher degree of membership to the
feature than those that fall at the outer edges of the buffered zone. Membership relates to possibility, that
is the higher the number is to 1 the closer it is to the feature and the higher the possibility that the feature
lies within the buffered area.

The cumulative line data using fuzzy methodology creates a map that is very clear and succinct.
Maps must be clearly understandable and relative to the participants to be of value. The simplicity of this
map is created through the selection of only five categories, one representing no caribou routes and the
remaining four categories representing between 1% with 75% or 14 of the 19 participants drawing a
caribou route in the same place on the maps (Forsyth, 1996). The knowledge nodes are clear with a
number of participants that draw a line to represent caribou in that area. The region south of the island and
in a line towards Baker Lake is a reoccurring theme a connection to the Bake Lake herd. Only one area
directly south of the KWI on the shoreline of the mainland falls in the top category of 51%-75 %, whereas
in the vector maps there were three areas that appeared to be hot spots. The area to the east of Garry Lake
indicates that it is also an area of high cumulative knowledge as well as the expected area south of KWI
and the area north of Taloyoak. These areas emerge as the buffers allow for the variability of TK as
suggested by (Dunn, 2007; Jiang et al., 2000; Berkes and Berkes, 2009; Berkes et al., 2009).

The caribou polygon areas indicate that KWI in its entirety except for a small portion in the
north-west is a knowledge node or hotspot for caribou with between 41%- 67% range of the participants
indicating that caribou is present on the island. As with the route data map the categories were simplified
to five, with one indicating zero caribou and the remaining four representing between 1%- and 67% of the
participants drawing a caribou area on the island. An area to the on the mainland south of KWI on the
Adelaide Peninsula and west of the route hotspot on the mainland is also in the highest category. The
third area with the highest number of caribou presence is the peninsula on land west of Gjoa Haven on the
Boothia which was noted as a knowledge node in both the line and are vector maps. The knowledge of

caribou presence in an area covers less area than that data drawn for caribou routes, with the hot spot of
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knowledge concentrated on the island, in the Chantrey Inlet Lowland and along the coast of the mainland
south of KWI. An area of caribou presence is noted in the Garry Lake region with two mid-level spots.
This area is also in the region of the Queen Maude lowlands which is noted as a calving ground for
Barron ground caribou by both Gunn and Kendrick is several journal articles.

The power of the cumulative ability of raster based fuzzy methodology allows for the creation of
clean succinct maps that are easily understand (Zadeh, 1973) and produce a bold statement about the
knowledge of caribou on King William Island by the participants of this study. The lack of political
boundaries on the maps reduces the political power and increases a balance between the knowledge

holder and the state (Middleton, 2010; Crampton, 2001; Robbins, 2003).

5.3 Caribou Hunting

The series of maps created from caribou data that specified hunting as the activity related to the
data can be of importance to the community as the social, cultural and traditional knowledge related to
caribou is significant. (Kendrick, 2003; Kendrick, 2013; Miller, et al., 2009; Russell, et al., 2000;
Johnson, et al., 2015). The development of the data from vector line and polygon to raster using a fuzzy
inference and finally a map displaying both sets of data highlights the shared knowledge that exists
among the participants of the research group. With only four lines that indicated hunting the overall visual
is the hunting areas in both the vector and cumulative maps. The final combined map better illustrates the
knowledge nodes with the ability to see the overlapping hunting areas. The TK of hunting areas is very
concentrated around KWI, the area between the clusters on the mainland south of the island and the large
area to the east in the Garry Lake region illustrates the shared knowledge that can be concentrated in very
specific areas highlighting the special aspect of TK (Engler, et al., 2013; Duerden, et al., 1996; Laidler,
2003). This spatial knowledge is based in generational observations about the environment and the

interconnected nature of TK (McGregor, 2004; Leduc, 2006, Pulsifer, et al., 2011).
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5.4 Observed Differences between Caribou TK in Maps and Caribou Management

Dissemination of the route data demonstrates a disconnect between the way caribou are identified
by co-management boards, government and the TK of the participants. The data in the maps
overwhelmingly notes Big and Small as the descriptors for caribou, however, co-management boards
such as the BQMB, and the Nunavut Caribou Strategy identify caribou by specific herd. This discrepancy
may be counter intuitive to TK where caribou are identified as “big” which refers to Barren ground and
“small” which identifies Peary. This breakdown into specific herds is problematic as there is a lack of
information that pertains to the dynamics of herds over time and populations fluctuate (Kendrick, et al.,
2008; Gunn, et al., 2011; Russell, 2000, Sharma, et al., 2009; Lenart, et al., 2002). Pearce suggests in a
2015 paper that traditional knowledge and the sharing of information about the health of caribou may be
more accurate than western science based data. These discrepancies in knowledge of caribou presence,
health and type on KWI between the co-management boards and the participants of this research highlight
the need to include traditional knowledge, it values and principles at the start of a research project.

The management of caribou is complex as herds range over thousands of kilometers crossing
jurisdictional boundaries, several levels of government and multiple stakeholders (Kendrick, et al., 2008).
The cost of herd counts prohibits the ability conduct counts at intervals less than every six years for most
agencies (Kendrick and Manseau, 2008).  This lack of scientific data necessitates the input of TEK to
understand the nuances in herd numbers, behaviors and fluctuations in respect to timing of calving, health

and general abundance

5.4 Overall Observations

Each of the maps created based on the traditional knowledge of participants has merit and offers
an understanding of the data. These maps underscore the importance of TK and role it has in the
management of caribou for the Inuit on King William Island. The collective knowledge of the group

suggests that there are Barren-ground and Peary caribou on the island year-round and the maps highlight
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the specific areas that are of key importance to the participants. There are clear hunting grounds on KWI
and the mainland with connections as far as 500 kilometres from Gjoa Haven in Baker Lake. The
literature researched on traditional knowledge for this thesis is clear on the importance of the inclusion of
TK. The interconnectedness of the environment from a traditional knowledge standpoint necessitates the
inclusion of TK on all aspects of life (WIPO, 2002; Berkes, et al., 207; McGregor, 2004; Wenzel, 1991,
Berkes, 2008). The qualitative data on the maps includes information that is significant and would be
omitted if the study was based strictly on quantitative data. The maps highlight the melding of TK and
western science to better understand the traditional knowledge of the participants as it relates to the
presence of caribou on King William Island. The equitable use of two knowledge systems is not only
necessary to facilitate the requirements of the Nunavut Land Claims Agreement, 1993 it also highlights
the breadth and depth of the knowledge of the Elders and Hunters who participated and provides temporal
data that may aide in the understanding of changes that have occurred in the past and may occur in the
future.

There are advantages and disadvantages in the use of both vector and raster fuzzy data maps. The
maps can be viewed with varying degrees of reliability dependent on the purpose of the map. The vector
maps which include all caribou data emphasizes the amount of knowledge that these 32 individuals
embody, however, the maps do not convey data that is quantifiable. When separated into linear and
polygon data the maps begin to explain the patterns that emerge and possible insight into how the
guestions were phrased with the routes and polygons producing different results as to where caribou are
located. The further dissemination of the vector data reveals distinct directional and seasonal patterns that
are not evident in the large data set. A smaller dataset provides a more concise map when using vector
data in this instance. Additionally, the vector data has the ability to display and categorize data as noted in
Figure 23 Seasonal data. The ability to code data with a different colour or line type creates maps that
provide the user with options as to how to distinguish between different data in the set to highlight the

amount or types.
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The fuzzy membership raster based maps provide a clearer visual image of the data in a large
dataset. The visual images in the linear and polygon fuzzy maps in Figures 25 and 26 highlight very
distinct hotspots. The homogenization of the data to a raster set that has the same size raster cell and
extent allows for patterns to emerge. The continuous surface of a fuzzy model speaks to the continuity of
the land and all the elements that embodies traditional knowledge. The separation of data into distinct
separate lines and polygons as it was originally drawn dissects that land into separate entities while
continuous surface which is a truer reflection of natural patterns. The fuzzy buffer zone emulates a
distance decay with the numbers diminishing as you move toward the outer edges. As with a caribou herd
that would be dense in numbers in the centre and decrease towards the edges of the herd. The knowledge
nodes in the linear map are very distinct. The fuzzy model represents the data as equal with all the layers
having the same weight in this instance. The fuzzy polygon map reinforces the differences noted in the
vector maps between caribou routes and areas. However, the areas have greater definition in the fuzzy
map. There is a loss of data distinction in the fuzzy model with the homogenization as there is a loss of
the ability to extract or highlight specific data traits such as type of caribou, seasonality, and direction or
travel. Yet, when observing the presence of caribou based on the data contained in the original maps the
fuzzy model provides a surface that an effective means of conveying the collective extent of regional
knowledge of caribou. Working within the spirit of the Indigenous research paradigm was a significant
commitment in the overall research project led by Dr. Ljubicic. This thesis contributes one aspect of this,
which is an effort to explore more appropriate representations of collective traditional knowledge, with
the goal of having more representative community contributions to be considered along scientific inquiry
to support community based collaborative management strategies (Crampton, 2011; Parlee at al., 2005;

Cutts et al., 2011).

5.5 Limitations

5.5.1 Data Limitations
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The study was limited by a small dataset. Additionally, the point data set was not large enough to
analyze and would have been interesting to understand specific points. Furthermore, some of the nuances
in the data may have been better understood if there was knowledge of the oral portion of the interview
that accompanied the maps. The data in the fuzzy methods used an equal weighting as the importance of
specific data is unknown. There may be routes that caribou migrate through that may have greater
importance than others due to the number of caribou in the herds. This may also apply to the polygon
data. There may be hunting areas identified as areas that have a higher yield than others. Important routes
and polygons that would be weighted and classified giving them a higher degree to membership in the set.

5.5.2 Interview Limitations

Project information and methods overview was supplied by Dr. Ljubicic for the larger project,
however, the document does not contain the specific questions in the conversation as each interview took
on a different tone and direction dependent on the participant. This knowledge may have added to the
context of the maps and there may have been a greater understanding of the data on each map had this
information been available.

The interviews aimed for a conversational flow, and for respect of Inuit customs where it is
considered rude to interrupt an Elder (Ljubicic, Personal Communication). So, there is variability in the
coverage of interviews, and what is drawn on maps, according to what was most important to the
individual being interviewed. Greater consistency may have been achieved through additional follow-up
interview or workshops with the same interview team. The rapport they have with the Elders and Hunters
may facilitate a closer relationship where trust has already been established and the Elders may see a two-
way conversation as respectful communication. The research was focused on caribou and the inclusion of
the other data contained in the maps may have led to interesting observations about caribou and the
interplay between other animal species. Additionally, the cultural notes on the map have strengthened the

interpretation of connections to Baker Lake and other communities.
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5.5.3 Results Limitations

The processes used in the both the vector and fuzzy method maps is successful in that both
processes produced maps The first objective seeks to understand the ability of the maps produced to
accurately depict the TK as it was intended. The maps successfully depict the knowledge within them.
Maps created using a single theme from the data provide insight into the depth of the TK of the
participants, however, the degree to which this satisfies in Inuit perspective remains unknown The second
objective was through the use of a fuzzy model creates collective knowledge surfaces that accurately
represents the shared knowledge of the 32 participants. As with the vector maps the success of how the
participants were able to understand and decipher that data as it was displayed is unknown. This
information would add to the ability to accurately gauge the success of the methods used.. In order to
achieve this, further verification workshops and discussions would be needed to understand Inuit
perspectives on the different approaches to representing their knowledge — what they like and what they
would want done differently.

The final community results summary report created to share results in Gjoa Haven (Ljubicic et
al., 2016) summarizes the project background, provides an overview of methodology, and describes
caribou knowledge of the participants. As part of the photos throughout the report, community members
are shown looking at the maps (caribou linear raster map, and two vector maps that are not
distinguishable) that were posted during a community celebration in February 2016. However, the report
does not speak to the success or failure of the maps to portray the vector data or the raster maps to express
the cumulative caribou knowledge of the participants, as more extensive consultations would be needed to
ensure Inuit perspectives on this are effectively represented (Ljubicic, personal communication, 2017).
Nevertheless, emerging from this thesis are a few recommendations that are suggested as ways to improve

the representation of TK in future mapping work (Table 2).
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Recommendations for Improving the
translation of TK into a GIS platform

Rationale

Involvement of a GIS analyst / cartographer from
the onset of the project

Clarify the questions that have a spatial context to
parse out a greater amount of spatially connected
data from the study. This provides the analyst the
information to engage in additional spatial
analysis such as weighted models.

Allows the GIS maps to be an integral part of the
research to create consistency in the overall
framework.

The GIS person should be aware of the
community’s thoughts about the maps created.
The ability to be involved in an iterative process
for the production of maps that satisfy the
community priorities, would better support the
integrity of the research.

Consider the habitat of the region as an integral
portion of the data when wildlife is a focus of the
research

Allows for observations about environmental
influences that may affect the data.

Team including GIS analyst comprise a best
practices document

Creates a basis for continued spatial work with
continuity to the mapping process where
appropriate.

Table 2 Recommendation for improving the translation of TK to a GIS platform.

5.6 Further Research

This research is based on the experiences of 32 participants and the knowledge they have shared

about caribou presence on King William Island. The closest community to Gjoa Haven is Taloyoak on the

Boothia Peninsula, and there may be shared knowledge of caribou with those in Gjoa Haven. Additional

data that substantiates the knowledge of caribou in the region would aide in the inclusion of TK in the

management of caribou in Nunavut. Additional studies based on the same methodology may be a catalyst

to change in the way in which caribou are managed and harvested. A greater understanding of the depth

of TK and cultural links to other communities may move traditional knowledge from an “add-on” to

biological science to the forefront of herd management.

Additional research that would meld the geography of the landscape with the TK would enhance

the data. The use of remote sensing to verify land cover types, and changes over time, would aide in

understanding the presence of caribou in specific areas. The classification of vegetation with remote

sensing would also indicate areas that are suitable for caribou migration, calving and grazing. This
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information coupled with elevation would provide more in-depth knowledge of the study area leading to a
greater understand of the depth and breadth environmental knowledge contained in the traditional

knowledge of the Elders and Hunters who participated in the research group.
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