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Majestic and towering and yet uniquely fragile, 
mountains in Canada sit at the forefront of dis-
cussions about cultural regeneration, reversing 
biodiversity loss, and addressing climate change. 
Mountains are places of inspiration and reju-
venation for the mind, body, and the soul. For 
many Indigenous Peoples, they are also places 
of cultural sites and practices, and areas where 
cultures would meet and spend time together, to 
forge alliances and mark celebrations. Indigenous 
Peoples have long been stewards of mountain en-
vironments, and mountains have provided much 
in return. Today, questions about the guardian-
ship of the mountain areas remains contentious 
as Indigenous Peoples assert their territories 
while the Government of Canada refers to much 
of these lands as “Crown Lands.” In this context, 
Indigenous Peoples and the federal government 
are forging new ways forward that enable joint 
agreements on how lands should be cared for, 
consistent with the government’s commitment to 
the United Nation’s Declaration on the Rights of 
Indigenous Peoples and Canada’s Truth and Rec-
onciliation framework. 

Mountains in Canada are also important cen-
tres of biodiversity; they are home to iconic 
species such as grizzly bears, wolverine, and 
mountain caribou, as well as less prominent but 
no less important flora and fauna. Historically, the 
general inaccessibility of mountains has meant 
that human development in the mountains—be 
it homes and towns, agriculture, or extractive 
activities—has been slower and less extensive 
than in more accessible valley bottoms and less 
topographically diverse regions. However, today 
mountains across Canada are seeing an increase of 
human activities and development, as population 
growth and new technologies result in develop-

ment reaching ever further into the interior of 
mountains, up their slopes, and across their many 
folds. Given Indigenous Peoples’ unique and sig-
nificant knowledges of mountain ecosystems, it is 
promising that biodiversity conservation efforts 
are now advancing in more collaborative ways, 
leading to conservation efforts that are informed 
by both Western scientific and Indigenous knowl-
edges of mountain environments, as well as the 
establishment of Indigenous-led protected areas 
in mountain regions.

Despite auspicious governance developments, 
climate change is rapidly transforming moun-
tain areas in Canada, leading to growing concern 
about impacts on water resources, the struc-
ture and function of mountain ecosystems, and 
the safety and wellbeing of communities in and 
downstream of mountain areas. This, in turn, 
is raising awareness about the urgent need for 
both the mitigation of greenhouse gases as well 
as adaptation to emerging challenges and poten-
tial opportunities of climate change in mountain 
areas. However, changes are currently outpacing 
understanding of viable paths forward for moun-
tain areas in Canada in a changing climate. 

For these reasons and more, the timeliness of 
the Canadian Mountain Assessment (CMA) could 
not be better. It is more imperative than ever that 
we have clarity about what we know, do not know, 
and need to know about mountains areas across 
Canada. It is only with such knowledge that we 
can make prudent decisions about how we as a so-
ciety—in all our diversity—can move forward to 
care for mountains into the future.

The CMA represents a tremendous effort to ad-
vance understanding of mountains in Canada, and 
assessment practices more broadly, through the 
respectful inclusion of multiple ways of knowing. 

FOREWORD

Jody Hilty, President and Chief Scientist, Yellowstone to Yukon Conservation Initiative

William (Bill) Snow, Acting Director of Consultation, Stoney Tribal Administration
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This involved developing new approaches to 
bring together Indigenous knowledges with in-
sights from Western academics, including by 
organizing project governance through a ‘Stew-
ardship Circle’; convening a ‘Learning Circle’ with 
First Nations, Métis, and Inuit individuals from 
across mountain areas in Canada; ensuring that 
chapters were co-led by Indigenous and non-In-
digenous authors to support equitable knowl-
edge co-creation; and sharing oral knowledges 
through embedded videos to respect and sup-
port oral knowledge sharing traditions. It also in-
volved significant attention to the protection of 
Indigenous knowledges, including by developing 
a publication model that allows for the removal 
of content into the future, if deemed necessary, 
consistent with the principle of ongoing consent. 
Another welcome aspect of the CMA is that those 
involved with the project explicitly recognize 
the limits of their individual and collective un-
derstanding across different mountain regions, 
Indigenous territories, and ways of knowing and 
connecting to mountains. This extends to the 

overall contribution of the CMA, which is framed 
as a beginning rather than the final word. Those 
involved with the CMA should be commended for 
their humility, and for leading the way in demon-
strating how to engage respectfully with a diver-
sity of knowledges in such a major assessment.

Given the many issues facing mountain areas 
in Canada, it is necessary to both broaden and 
deepen our understanding of mountains in the 
country. The CMA’s thoughtful examination of di-
verse knowledges of mountains in Canada gives 
us an opportunity to do just this. It also gives us 
reasons to be hopeful about the future; it provides 
a very real example of how embracing multiple 
ways of knowing can enhance our collective un-
derstanding of mountains, while also leading to 
new insights about how we might move forward 
together in a good way. We are reminded of the 
words by the late ecologist E.O. Wilson who stated 
“We are drowning in information, while starving 
for wisdom.” The Canadian Mountain Assessment 
provides ample food for thought.



The Canadian Mountain Assessment (CMA) pro-
vides a first-of-its-kind look at what we know, 
do not know, and need to know about diverse 
and rapidly changing mountain systems in 
Canada. The assessment includes insights from 
both Indigenous and Western academic knowl-
edge systems and represents a unique effort to 
enhance understanding of mountains through 
respectful inclusion of multiple bodies of knowl-
edge. The CMA is a text-based document, but it 
also includes a variety of visual materials as well 
as access to video recordings of conversations 
with First Nations, Métis, and Inuit individuals 
from mountain areas in Canada. The CMA is the 
country’s first formal assessment of mountain 
systems knowledge; it is guided by five overarch-
ing principles (Figure 0.1). 

The CMA is composed of six chapters, sum-
marised below. 

Chapter 1. Introduction

This chapter provides the context and rationale 
for the assessment, as well as details about the 

CMA’s governance, conceptual and ethical foun-
dations, methodology, and structure. It also calls 
attention to important caveats and limitations as 
well as salient innovations and contributions of 
the CMA.

Chapter 2. Mountain Environments

The Mountain Environments chapter examines 
the biogeophysical characteristics of mountain 
regions in Canada. It assesses the state of knowl-
edge for a wide range of environmental topics in-
cluding geology; weather and climate; snow, ice, 
and permafrost; water; hazards; ecosystems and 
biodiversity; and connections between moun-
tains and lowland/coastal environments. While 
demonstrating a significant amount of scien-
tific work related to mountain environments in 
Canada, the chapter also illustrates the general 
lack of engagement with Indigenous knowledge 
systems in relation to mountain environments 
in existing Western academic research. Contribu-
tions from Indigenous Peoples are nevertheless 
included in the chapter by way of CMA authors 

EXECUTIVE SUMMARY

Figure 0.1: CMA Guiding Principles
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as well as knowledges shared during the CMA’s 
Learning Circle. In its conclusion, the chapter 
identifies gaps in our current understanding of 
mountain environments and invites mountain 
researchers to engage with Indigenous communi-
ties to learn more about their unique perspectives 
and understandings of mountain environments 
in Canada.

Chapter 3. Mountains as Homelands

The Mountains as Homelands chapter consid-
ers how mountains in Canada are experienced 
and shaped as Homelands by Indigenous Peoples 
and homes by non-Indigenous people. The chap-
ter approaches this broad topic by considering 
how mountainous environments are made into 
significant places through practice, representa-
tion, and relations among people. It weaves to-
gether knowledge from Indigenous Peoples and 
scholarly literature, and draws on conceptual 
approaches offered by relational thinking, multi-
species scholarship, and ontologies studies. The 
chapter begins by examining storytelling as an 
important means of place-making in mountain 
Homelands. It then considers how an emerg-
ing field of mountain archaeology corroborates 
and supports Indigenous presence in mountain 
Homelands. Moving beyond strict divisions be-
tween nature and culture, a substantial portion of 
the chapter explores how multispecies relations 
underpin mountains as homes and Homelands. 
The chapter then examines the forms and ongo-
ing impacts of colonialism and power in Canadian 
mountain places. This includes the role of parks 
and protected areas, and private land, in moun-
tain regions, and how science, labour, recreation, 
and art have shaped perceptions and experiences 
of mountain places. It assesses how such prac-
tices can contribute to discrepancies in access to 
mountains as homes and Homelands. The chap-
ter concludes with the topic of Indigenous gov-
ernance in mountain places. Overall, the chapter 
finds that the literature on these topics is better 
represented in the western mountain regions, 
that the role of private land in constituting moun-
tain places is generally under-examined, and that 
there are opportunities for scholarship that doc-
uments and explores Indigenous resistance to 
incursions on mountain Homelands and the reas-
sertion of Indigenous governance in mountains.

Chapter 4. Gifts of the Mountains

The Gifts of the Mountains chapter explores the 
contributions of mountains to the wellbeing of 
human communities. It uses the framing of gifts 
as an alternative to the conventional descriptions 
of resources or ecosystem services, and reveals 
how, for many people in Canada, mountains pro-
vide material, artistic, pedagogical, emotional, 
and spiritual gifts. The chapter also discusses 
how particular users and communities receive 
benefits derived from energy, minerals, and for-
ests found in mountains. Importantly, the chapter 
calls attention to the idea that many gifts from 
mountains are situated in reciprocal relation-
ships where users receive foods, medicines, water, 
or recreational space, as personal gifts which, in 
turn, inspire wonder, awe, respect, and care. Such 
reciprocity is often, but not exclusively, associ-
ated with Indigenous worldviews. Ultimately, the 
chapter demonstrates that gifts from mountains 
are unevenly distributed and that some bene-
fits derived from mountains may come at a cost 
to others seeking to enjoy the same mountain 
spaces. Furthermore, many gifts of the mountains 
are under increasing pressure from drivers of en-
vironmental and social change.

Chapter 5. Mountains Under Pressure

The Mountains Under Pressure chapter exam-
ines the drivers of recent and future change in 
mountain systems in Canada, as well as impacts 
to mountain ecosystems and communities, focus-
ing on the period from the “great acceleration” 
of increasing human population and activity 
in 1950 out to 2100. Key issues assessed include 
climate change, land use development, resource 
extraction, pollution, tourism and recreation, 
population growth, invasive species, and gover-
nance practices, including associated threats to 
the sustainability of mountain environments, 
livelihoods, and gifts of the mountains. The 
chapter demonstrates that these pressures are 
often interconnected and compounding, and 
describes how each drives biophysical, political, 
socio-cultural, and ecological changes, with ef-
fects that vary from region to region. However, 
while changes have been acutely observed and 
felt by many Indigenous Peoples as well as non- 
Indigenous mountain communities, monitoring 
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of both anthropogenic pressures and their im-
plications is currently limited across mountain 
systems in Canada, making prediction of future 
threats difficult to assess, particularly in moun-
tainous areas of northern Canada. The chapter 
concludes by calling attention to the need for en-
hanced research and monitoring efforts, as well 
as the importance of supporting adaptation to the 
challenges (and opportunities) posed by increas-
ing rates of climate and anthropogenic change in 
mountain areas in Canada.

Chapter 6. Desirable Mountain 
Futures

The Desirable Mountain Futures chapter reflects 
on the CMA’s knowledge co-creation process and 
the findings of its substantive chapters. It dis-
cusses how much was already known about moun-
tains in Canada, but also how divides between 
Indigenous and Western knowledge systems have 

limited appreciation for the depth and diversity 
of existing mountain systems knowledge. It also 
describes how, in coming together across time, 
cultures, and landscapes, the CMA led to new in-
sights about mountains in Canada. The chapter 
then discusses four cross-cutting themes that 
emerged from the CMA: Connectivity; elevating 
Indigenous knowledges; access and barriers to 
relationships with mountains; and humility. Ulti-
mately, this chapter reveals how the CMA is only 
a beginning. It concludes by calling attention to 
opportunities for research, relationships, and ac-
tions that support ideals of the CMA. 

By way of these chapters, the CMA aims to 
enhance appreciation for the diversity and sig-
nificance of mountains in Canada; to clarify 
challenges and opportunities pertinent to moun-
tain systems in the country; to motivate and 
inform mountain-focused research and policy; 
and, more broadly, to cultivate a community of 
practice related to mountains in Canada. 
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1.1 Mountains and Mountain 
Knowledge in Canada

Canada is a country of mountains. Around one- 
quarter (2.26 million km²) of the country is covered 
by mountainous terrain, an area large enough to 
encompass Switzerland 54 times and to position 
Canada as the fourth most mountainous country 
globally. Mountain areas in Canada—from high 
peaks of the St. Elias range in the northwest to 
the jagged Rocky Mountains of the western inte-
rior, and from Arctic ranges of Inuit Nunangat to 
the rolling hills of the Laurentian highlands—play 
an important role in shaping the biogeophysical 
and socio-cultural characteristics of the coun-
try (Fig. 1.1). Furthermore, the distribution of 
mountain areas across a wide range of latitudes, 
elevations, and climate zones in Canada produces 
a remarkable diversity of ecosystem types, socio- 
cultural characteristics, and associated biocul-
tural relationships and interdependencies. Since 
well before the country of Canada existed, these 
mountain places have sustained and been stew-
arded by Indigenous Peoples who continue to 
know and care for them. Mountain systems in 
Canada are therefore best understood as dy-
namic, living, and deeply relational spaces where 
physical, human, and other-than-human worlds 
are woven together across space and time.

Mountains in Canada contain unique geologi-
cal features, play an important role in influencing 
regional weather and climate patterns, and are 

critical sources of freshwater for downstream eco-
systems, communities, and economic activities. 
They also provide habitat, migration corridors, 
and refugia for plants and animals, including 
species that are endemic to mountain environ-
ments. Canada is also one of the most glacier-rich 
countries in the world, second only to Greenland, 
and the snow and ice adorning mountain tops in 
Canada from coast to coast to coast are defining 
features of these regions. For example, Canada 
hosts roughly 33,600 glaciers covering an area of 
204,000 km² (Pfeffer et al., 2014). 

Mountains have been homelands for Indige-
nous Peoples since time immemorial and, accord-
ingly, many Indigenous territories and linguistic 
regions are associated with mountain areas in 
what is now referred to as Canada (Fig. 1.2 and 
1.3). These connections highlight diverse, place- 
based, and long-standing relationships that In-
digenous Peoples have with mountains in Canada. 
Today, around 1.3 million people live within the 
mountainous areas of the country (Fig. 1.4), a 
number equivalent to 3.5% of the total population 
of Canada but that is greater than the population 
of small countries such as Bhutan (McDowell & 
Guo 2021). A further 29 million people live within 
100 km of mountains, indicating that 82% of the 
total population of the country lives within or 
adjacent to mountains. This value contains por-
tions of populations in mountain-oriented cities 
in the west such as Vancouver and Calgary, as well 
as cities in the east such as Ottawa and Montreal 

CHAPTER 1

Introduction

AUTHORS: Graham McDowell, Shawn Marshall, Madison Stevens, Eric Higgs, Aerin 
Jacob, Gùdia Mary Jane Johnson, Linda Johnson, David Borish, Jiaao Guo, Katherine 
Hanly, Daniel Sims, Murray Humphries, Lawrence Ignace



2 THE CANADIAN MOUNTAIN ASSESSMENT

that are located within 100 km of minor moun-
tainous features (note, this buffer distance has 
been used for population assessments in other 
contexts such as coasts, e.g., Millennium Ecosys-
tem Assessment, 2005). 

Mountains in Canada contribute to human 
well-being in myriad ways, including by providing 
freshwater, food, and medicine; sites of spiritual 
significance and places of solace and meaning; in-
spiration for art, literature, and storytelling; and 
destinations for recreation and mountain sports. 
These gifts from mountains play an important 
role in the culture, identity, and livelihoods of 

people across Canada, even those who do not live 
in mountain areas. At the same time, mountains 
can be foreboding, with hostile winds, unpredict-
able weather, and dynamic landscapes and river 
courses that present challenges to safe passage. 
The rumbles of mountain hazards such as rock-
fall and avalanches freezes even seasoned alpine 
guides as they echo off mountain walls, a re-
minder of the volatility of these environments. 

As in other mountain areas globally (see Adler 
et al., 2022; Hock et al., 2019), climate change is 
leading to transformative changes in moun-
tain systems across Canada, with implications 
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Figure 1.1: Mountainous areas in Canada based on McDowell & Guo (2021), following definition given by 
Kapos et al. (2000).
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Figure 1.2: Indigenous territories associated with mountain areas in Canada. Based on McDowell & Guo (2021). 
Data from Native-Land.ca.
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Figure 1.3: Indigenous linguistic regions associated with mountain areas in Canada. Based on McDowell & Guo 
(2021). Data from Native-Land.ca.
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for water resources, ecosystems, hazards, live-
lihoods, and the recreational, cultural, and 
spiritual values associated with these places. 
For example, what will the Icefields Parkway be 
named when the ice is gone, as expected by the 
end of this century (Clarke et al., 2015), and will 
this route through the Canadian Rockies evoke 
the same sense of wonder when the mountain 
peaks are bare? Climate change is also a threat to 
many alpine species that are adapted to the cooler 
temperatures or the snow regimes at high eleva-
tions. These species have nowhere higher to go 
in the face of increasing temperatures, and also 
face competitive pressures from lower-elevation 

species that are migrating upwards in search of 
respite from heat, wildfire, or population pres-
sures. Similar to Arctic-adapted species, alpine 
flora and fauna might simply run out of habitat. 
This is also true in mountain streams and their 
downstream reaches, should water temperatures 
warm to conditions that support the upstream 
migration of lower-elevation aquatic ecosystems 
or invasive species.

The benefits mountains provide to people 
are increasingly threatened not only by cli-
mate change, but also other impacts related to 
human activities, such as land use development, 
resource extraction, and environmentally and 
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Figure 1.4: Population densities in mountain areas in Canada. Based on McDowell & Guo (2021).
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socially damaging governance practices. The im-
plications of these drivers of change are unevenly 
distributed within and across communities and 
ecosystems, but cumulatively are rapidly trans-
forming mountain systems across Canada. 

Despite the importance and sensitivity of 
mountain systems in Canada, there has never 
been a formal assessment of the state of mountain 
systems knowledge in the country. However, 
the lack of an existing assessment of mountain 
systems in Canada does not imply a paucity of 
knowledge about mountains. Indigenous Peo-
ples have gathered profound bodies of knowledge 
through close connections to mountain places 
and by observing and experiencing the dynamics 
of weather and seasons, ecosystems and animal 
behaviour, water and rocks, and non-material 
features and presences in mountains. This has 
led to nuanced, holistic, and sophisticated knowl-
edges of mountain systems across the continent, 
many of which focus on interconnectedness and 
purposefully include an ethic of care to honour 
past, current, and future generations of living 
and inanimate beings (Muller et al., 2019). These 
Indigenous knowledges, which in many tradi-
tions have been held by Elders and passed down 
intergenerationally following place-specific pro-
tocols for sharing stories and oral histories, often 
recognize the mountains and other-than-human 
beings as teachers and kin. Accordingly, environ-
mental features in mountains (land, water, ice, 
biota) can be strongly connected to Indigenous 
identity (Berry, 1999; Downing & Cuerrier, 2011), 
or the knowledge and emotional significance of 
belonging to a group. Each Indigenous Nation 
or group has its own distinct knowledge system 
and Traditional Territory, including certain areas 
exclusive to them. Furthermore, based on their 
socio-cultural traditions, this territory is often 
subdivided, with certain areas associated with 
particular individuals and/or social groups like 
clans, moieties, or phratries. As such, First Na-
tions, Métis, and Inuit knowledges of mountains 
are inextricably tied to relationships with their 
respective territories.

More recently, non-Indigenous settlers and mi-
grants who have established communities in and 
adjacent to mountains in present-day Canada 
have come to know mountains through the lens 
of their own epistemologies. These individuals 
and their associated institutions typically applied 

the principles, techniques, and assumptions of 
Western sciences to measure and characterise 
mountain systems. Since the 1900s, this has led to 
an extensive and ever-growing body of research 
focused on mountains in Canada. Indeed, nearly 
3000 peer-reviewed articles about mountain 
systems in Canada have been published to date 
(McDowell & Hanly, 2022). These publications are 
in addition to numerous scholarly books, literary 
texts, popular accounts, alpine journal reports, 
and artistic works that collectively contribute to 
a rich and diverse body of Western knowledge of 
mountain systems in Canada. 

Much of the mountain research in Canada to 
date has been conducted in the mountain west 
and has focused on the physical environment 
and ecosystems that make these regions unique, 
including as homes to flora, fauna, landforms, 
glaciers, weather and climate regimes, and Earth 
system processes that can only be found in these 
environments. It has also shown that mountains in 
Canada serve as critical ‘water towers’—locations 
that play an outsized role in providing freshwa-
ter for downstream populations and ecosystems 
(Vivrioli et al., 2007, Immerzeel et al., 2020)—for 
all of western Canada (e.g., Elmore et al., 2020), 
and much of the world’s leading research into 
mountain snow, glaciers, and hydrological pro-
cesses has been led out of long-term studies 
that trace to the 1960s in the St. Elias, Coast, and 
Rocky Mountains. Similar advances have been 
made through long-term study of alpine ecosys-
tems (e.g., Krebs et al., 2014). Much of what we 
understand today about mountain ecological and 
landscape dynamics in Canada has its origins in 
this foundational research, including a legacy of 
student training and capacity building that has 
enabled ongoing advances in mountain research 
(Danby et al., 2014). While mountain research in 
Canada has been concentrated in the mountain 
west and has been focused primarily on the nat-
ural sciences to date, there is a strong foundation 
to build upon; there is also growing awareness of 
regional and topical gaps that warrant attention 
in the future (McDowell & Hanly, 2022).

Notwithstanding the contributions of West-
ern academic mountain research activities, it is 
important to recognize that much of this work 
has tended to ignore or delegitimize other ways 
of knowing, and it has sometimes been explicitly 
linked to colonial ambitions of territorial control, 
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including exploiting the resources of the Ameri-
cas and subjugating and dispossessing Indigenous 
Peoples of their lands (Akena, 2012; Muller et 
al., 2019). Relevant examples of this colonial ra-
tionale can be found in information-gathering 
exercises such as surveying and characterising 
wildlife (Eichler & Baumeister, 2018; Hessami et 
al., 2021; Higgs et al., 2009). 

In light of the fraught history of colonial set-
tlement and its ongoing consequences, there are 
clear and repeated calls from Indigenous Peo-
ples that Indigenous ways of knowing, doing, 
and being should be recognized as both equal to 
and distinct from Western academic knowledge. 
There is also widespread understanding that his-
torical inequities, exclusions, and colonialism 
continue to create important obstacles to such 
inclusion and recognition (Fernández-Llamazares 
et al., 2021). Indigenous Peoples are seeking to 
level the playing field while overcoming colonial 
power asymmetries that have been reinforced by 
time, epistemic racism, and dominance (Battiste, 
2002; Borrows, 2002; Kassi et al., 2022; McGregor, 
2014; Reid et al., 2021; K. Whyte, 2017). There are 
likewise many vocal non-Indigenous advocates 
for more inclusive and just forms of engagement 
with Indigenous ways of knowing (Berkes et al., 
2000; Cruickshank, 2005; Johnston & Mason, 
2020; Lamb et al., 2022; Latulippe & Klenk, 2020; 
Nadasdy, 1999; Tengö et al., 2014). We recognize 
here that Indigenous and Western academic ap-
proaches to understanding mountain environ-
ments are both different and complementary. In 
this context, the Canadian Mountain Assessment 
was envisioned as an opportunity to work to-
wards a more inclusive approach to characteris-
ing the state of mountain systems knowledge in 
Canada, while also acknowledging the impossibil-
ity of exhaustively assessing the state of Indige-
nous knowledges of mountains across Canada. 

1.2 Introducing the Canadian 
Mountain Assessment

The Canadian Mountain Assessment (CMA) pro-
vides a first-of-its-kind look at what we know, do 
not know, and need to know about diverse and 
rapidly changing mountain systems in Canada. 
The assessment includes insights from both 
Indigenous and Western academic knowledge sys-
tems and represents a unique effort to enhance 

understanding of mountains through the respect-
ful inclusion of multiple bodies of knowledge. It 
is the country’s first formal assessment of moun-
tain systems knowledge. It was undertaken to:

• Provide a detailed account of the state of 
mountain systems knowledge in Canada

• Enhance appreciation of the diversity and 
significance of mountains in the country

• Deliver insights that are salient for a variety 
of end users (e.g., researchers, Indigenous 
communities, decision makers)

• Clarify challenges and opportunities perti-
nent to mountain systems in Canada

• Motivate and inform mountain-focused 
research and policy

• Cultivate a community of practice related to 
mountains in Canada

• Provide a tangible step towards reconcilia-
tion efforts in Canada

The CMA was inspired by the Hindu Kush Hima-
laya Assessment (Wester et al., 2019) and recent 
mountain-focused assessment activities by the 
Intergovernmental Panel on Climate Change 
(IPCC) (Adler et al., 2022; Hock et al., 2019), as well 
as prior efforts to elevate Indigenous knowledges 
in major assessment activities, such as the Arctic 
Climate Impact Assessment (ACIA), the Millen-
nium Ecosystem Assessment (MEA), and work by 
the Intergovernmental Science-Policy Platform 
on Biodiversity and Ecosystem Services (IPBES) 
(ACIA, 2005; IPBES, 2019; Millennium Ecosystem 
Assessment, 2005). While the CMA was informed 
and motivated by these prior assessments, it was 
shaped by the specific priorities, challenges, and 
opportunities of the Canadian context. 

The CMA was hosted at the University of Cal-
gary, situated on the territories of the Peoples 
of Treaty 7, including the Blackfoot Confederacy 
(Siksika, Piikani, and Kainai First Nations), Îyârhe 
(Stoney) Nakoda (including the Chiniki, Bears-
paw, and Goodstoney First Nations), and Tsuut’ina 
First Nation. The City of Calgary is also home to 
Métis Nation of Alberta, Region 3. The project was 
supported by funding from the Canadian Moun-
tain Network (CMN) and the Natural Sciences 
and Engineering Research Council (NSERC). It 
was initiated in May 2020, and was prepared over 
the course of 3.5 years (Fig. 1.5). During this time, 
the CMA played an important role in catalysing 
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a community of practice related to mountains by 
connecting and cultivating relationships between 
mountain knowledge holders from across Canada 
(Fig. 1.6). 

The following sections detail the CMA’s gover-
nance, visioning activities, and methodology, as 
well as key project innovations and limitations.

1.2.1 Project governance

The governance model for the CMA was con-
ceptualised as a ‘Stewardship Circle’ (Fig. 1.7), 
a characterization that reflects the CMA’s pri-
oritisation of inclusivity, respectful dialogue, 
reciprocity, and shared responsibility. The Stew-
ardship Circle—which included a Project Leader, 
Project Advisors, Assessment Authors, Project 

Assistants, and members of CMN leadership 
(Table 1.1)—was composed of a diverse group 
of Knowledge Holders and experts. Members 
worked collaboratively to enhance the integrity, 
relevance, and positive impact of the project 
and to work towards the inclusion of Indigenous 
Peoples’ values and aspirations, which have his-
torically been marginalised, misrepresented, or 
absent in knowledge assessment initiatives. 

When inviting potential contributors to the 
assessment, efforts were made to balance repre-
sentation according to First Nations, Métis, and 
Inuit/non-Indigenous identity; gender; career 
stage; and major mountain region of origin 
(Fig. 1.8). Despite some shortcomings, the overall 
composition of CMA’s Stewardship Circle was rel-
atively inclusive and diverse. For example, of the 

Figure 1.5: CMA timeline and key activities
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Figure 1.6: CMA contributors coming together from across mountain geographies and knowledge systems (not all 
contributors pictured). Photos courtesy of David Borish and Graham McDowell, 2022.

Figure 1.7: CMA Stewardship Circle
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Table 1.1: Stewardship Circle: Roles and responsibilities.

PROJECT LEADER The Project Leader conceptualised the project idea, secured project funding, and bore ultimate 
responsibility for defining, coordinating, and delivering the CMA. They worked closely with Project 
Advisors to co-develop key elements of the CMA, and with Authors and Project Assistants to 
operationalize the project vision and approach. The Project Leader also led foundational analyses/
publications that underpin the CMA.

PROJECT ADVISORS Project Advisors worked closely with the Project Leader to co-develop the vision and approach of 
the CMA, and to support the salience and impact of the project. 

Canadian Advisors Canadian Advisors were the primary individuals involved in providing guidance to the Project 
Leader. They played a key role in shaping the spirit, intent, and structure of the CMA, as well as 
providing guidance on practical, methodological, and strategic matters.

International Advisors International Advisors supported the CMA by providing germane insights from prior mountain-
focused assessments and other relevant international initiatives, as well as providing guidance on 
practical, methodological, and strategic matters.

ASSESSMENT AUTHORS Assessment Authors worked to identify and engage with relevant information and knowledges, to 
prepare assessment chapters, and to adequately revise chapter content following external review. 

Lead Authors Lead Authors oversaw the coordination and preparation of specific chapters of the CMA. 

Contributing Authors Contributing Authors made specific contributions to one or more chapters of the CMA. 

PROJECT ASSISTANTS Project Assistants performed various essential tasks including conducting analyses, providing 
logistical support, and facilitating report preparation activities.

Project Assistant The Project Assistant acted in a supportive capacity to implement the vision and approach of the 
CMA and was involved on a regular, ongoing basis in strategic planning and day-to-day activities. 
They worked closely with the Project Leader and communicated frequently with members of the 
Stewardship Circle.

Research Assistants Research Assistants carried out specific research tasks to support the CMA.

CMN LEADERSHIP CMN Leadership worked with the Project Leader to facilitate coherence between the CMA and the 
goals and priorities of the CMN. 
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CMA’s 80 core contributors, 30% of participants 
identified as First Nations, Métis, or Inuit, and 
55% identified as female, queer, or non-binary. 
Furthermore, representation across career stages 
was nearly balanced and the overall geographical 
diversity of participants was fairly high. Contrib-
utor bios can be found in Appendix I.

1.2.2 Visioning

Visioning for the CMA involved members of the 
Stewardship Circle (primarily the Project Leader 
and Advisors) working collaboratively to define 
the spirit and intent of the project, the project’s 
conceptual and ethical foundations, the kinds of 

content that would be included in the CMA, and 
the structure of the Assessment. This period of the 
CMA process involved a diversity of perspectives 
from the outset. It was also informed by findings 
from a survey that was sent out to members of 
the CMN network, which asked for input on the 
assessment design and focal topics from potential 
end-users of the CMA (108 respondents), as well 
as guidance from an independent consultant on 
ethics and knowledge sharing. 

During the visioning period of the CMA, formal 
Stewardship Circle meetings were convened reg-
ularly via Zoom (due to Covid restrictions). There 
were also numerous virtual meetings between 
individual project members, as well as mem-
bers of a working group composed of Indigenous 
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Figure 1.8: CMA contributors by First Nations, Métis, and Inuit/non-Indigenous identity; career stage; location; and 
gender (does not include external reviewers). 
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members of the Stewardship Circle. Meetings 
were conveyed with the intention of cultivating 
“ethical space” (Ermine, 2000, 2007; Ermine et al., 
2004), which involved respecting individuals’ di-
verse ways of knowing, being, and doing; making 
space for Indigenous protocols, including start-
ing meetings with opening words or blessings 
(as appropriate) from Elders; providing reflex-
ive land acknowledgments; and honouring the 
unique expertise and circumstances of individ-
ual participants. Through this highly intentional 
collaboration approach—which elicited moments 
of difficulty but also stimulated deep reflection, 
creativity thinking, and innovation—Stewardship 
Circle members successfully defined key elements 
of the project, as described below. 

Conceptual foundations
The CMA’s conceptual foundations were in-
formed by a multiple evidence base (MEB) ap-
proach, which “emphasises the complementarity 
of knowledge systems and the values of letting 
each knowledge system speak for itself, within 
its own context, without assigning one dominant 
knowledge system with the role of external val-
idator” (Tengö et al., 2014). This approach high-
lights the integrity of knowledge systems on 
their own terms, while also bringing attention to 
the possibility of respectfully braiding multiple 
sources of evidence together to enhance under-
standing of a particular issue (Fig. 1.9). This re-
quires making space for diverse manifestations of 
knowledge (e.g., text, oral, visual), and ensuring 

Figure 1.9: Simplified depiction of a multiple evidence base approach in the context of the CMA. Much like climbing to 
the summit of a mountain, respectfully braiding ways of knowing is an aspiration, but such an outcome is not guar-
anteed. The success of the effort can be determined not only by the point the climbers reach, but also by the learning 
along the way. 
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that determinations about which knowledge is 
appropriate, credible, and relevant occurs within 
knowledge systems (e.g., according to Indigenous 
protocols, according to scientific method). It also 
requires avoiding any attempt to integrate diverse 
knowledges into a unified truth (Kimmerer, 2020; 
Reid et al., 2021). The MEB therefore foregrounds 
issues of power involved in connecting different 
knowledge systems (and associated complexities, 
limitations, and opportunities), and emphasizes 
the need for deeply collaborative and reflexive 
co-creation processes from the outset. In these 
ways, an MEB approach aims to enhance the le-
gitimacy and relevance of project outcomes for a 
broad range of groups, particularly those whose 
ways of knowing, being, and doing have tended to 
be marginalised.

Ethical foundations 
The CMA’s involvement with Indigenous Peo-
ples and knowledges was guided by standards 
for ethical conduct described in the Tri-Council 
Policy Statement: Ethical Conduct for Research Involv-
ing Humans TCPS 2 (2018) (Canadian Institutes of 
Health Research et al., 2018), particularly those 
elaborated in Chapter 9 ‘Research Involving the 
First Nations, Inuit and Métis Peoples of Canada’. 
However, members of the CMA aspired to exceed 
this guidance, and were particularly inspired 
and motivated by the transformative vision ar-
ticulated in the United Nations Declaration on 
the Rights of Indigenous Peoples (UNDRIP, 2007), 
which was adopted by Canada in 2016. In partic-
ular, Article 31 states that “Indigenous peoples 
have the right to maintain, control, protect and 
develop their cultural heritage, traditional knowl-
edge and traditional cultural expressions, as well 
as the manifestations of their sciences, technol-
ogies and cultures.” We also drew guidance and 
motivation from the Truth and Reconciliation 
Commission of Canada’s Calls to Action (Truth and 
Reconciliation Commission, 2015), which were 
endorsed by all levels of government in Canada, 
and OCAP® Principles (Ownership, Control, Ac-
cess and Possession)1 (First Nations Information 

1 OCAP® is a registered trademark of the First 
Nations Information Governance Centre (FNIGC): 
https://fnigc.ca/ocap-training/

Governance Centre, n.d.), which are widely used 
and promoted by First Nations communities 
and organisations in Canada. The CMA’s engage-
ment with academic knowledge was guided by 
principles of scientific integrity—transparency, 
reproducibility, high quality, avoidance of conflict 
of interest, and adherence to research ethics—as 
elaborated in the Government of Canada’s Policy 
on Scientific Integrity (Government of Canada, 
2017).

Inclusion of diverse content
A cornerstone of the CMA is making space for 
diverse manifestations of knowledge about 
mountains. This approach is an outcome of the 
CMA’s conceptual and ethical foundations and 
reflects recognition that knowledge about moun-
tains is held in diverse forms and that text is not 
always a culturally appropriate way to convey 
such knowledges. Accordingly, while the CMA is 
a text-based document, it also includes a variety 
of visual materials (e.g., maps, paintings, photo-
graphs) as well as video recordings of knowledges 
and stories shared by First Nations, Métis, and 
Inuit individuals from across mountain areas 
in Canada. Video recordings of conversations—
and the underpinning methodology (see ‘First 
Nations, Métis, and Inuit knowledges’ section 
below)—are specifically intended to respect and 
uplift oral knowledge transmission traditions, 
which are central for many Indigenous Peoples in 
Canada. We encourage the reader to engage with 
these videos, which can be found throughout the 
CMA, and which provide unique insights into the 
depth, specificity, and diversity of First Nations, 
Métis, and Inuit knowledges about mountains in 
Canada. The printed version of the CMA includes 
QR codes, which can be scanned to view videos on 
phones or tablets. The online version of the CMA 
has videos embedded in the text, which can be 
viewed within the document. Full URLs for videos 
are provided in Appendix II.

Guiding principles
Members of the Stewardship Circle elaborated 
five overarching principles that summarise the 
spirit and intent of the CMA, and that steered the 
efforts of those involved in preparing the assess-
ment (Fig. 1.10).
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1.2.3 Methodology

The CMA characterises the state of knowledge 
related to mountains in Canada based on the 
respectful consideration of multiple lines of ev-
idence, including: peer-reviewed literature; First 
Nations, Métis, and Inuit knowledges; insights 
from select grey literature; and video recordings, 
artistic, and photographic content. Foundational 
analyses that underpin the CMA are described 
below, followed by information about the meth-
odologies used to gather and consider distinct 
forms of evidence. The section concludes with 
information about the selection and roles of CMA 
authors.

Foundational analyses
At the outset of the CMA, numerous fundamen-
tal aspects of Canadian mountain systems had yet 
to be systematically characterised and quantified 
in a nationally coherent manner. In response, 
numerous geospatial analyses were conducted 
to advance understanding of the biogeography, 
people, and economic activities associated with 
mountains in Canada (see McDowell & Guo, 2021 
for full details). The mountainous area of Canada 
was delineated according to the K1 definition 
provided by Kapos et al. (2000), which considers 
elevation, local elevation range, minimum el-
evation, and slope. This is the most commonly 
used set of criteria for defining mountain areas 
in the Western academic literature, and one that 

provides a good approximation of regions gener-
ally considered mountainous in Canada. However, 
other valid approaches have been developed by 
Körner et al. (2011) and Karagulle et al. (2017), for 
example, which reflect differences in what is con-
sidered relevant in terms of attributes/criteria 
for delineation of mountainous terrain accord-
ing to specific applications (see Sayer et al., 2018; 
Körner et al., 2021; Thornton et al., 2022). Results 
and maps based on the CMA’s foundational analy-
ses are found throughout this report. References 
for data used in these and other maps in the CMA 
are available in Appendix III.

To promote broad geographical consistency 
across CMA chapters, the CMA developed a clas-
sification scheme that divides the mountainous 
area of Canada into 10 major mountain regions 
(Fig. 1.11, interactive map here2). These regions 
are formed through an intersection of the K1 
mountain area and the boundaries of existing 
‘terrestrial ecozones of Canada’ (see Agriculture 
and Agri-Food Canada, 2016). Terrestrial eco-
zones represent areas with broadly consistent 
biophysical characteristics; they are not based on 
socio-economic or political criteria, which are in-
evitably contested. Authors were encouraged to 
use this framework as their primary geographical 

2 https://www.arcgis.com/apps/webappviewer/ 
index.html?id=8b0239c85e62416b9f6ab11acfda5da8 
&extent=-18755806.0455%2C4769580.2594%2C-3727 
674.7884%2C11755313.1485%2C102100

Figure 1.10: CMA Guiding Principles
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framework when organising and assessing evi-
dence. However, references to mountains in the 
west, north, and east (scaling up), or to specific 
mountain ranges or sub-ranges (scaling down), 
was also acceptable where relevant. Furthermore, 
First Nations, Métis, and Inuit authors were en-
couraged to reference mountain regions in other 
regionally/culturally appropriate ways, at their 
discretion (see ‘Terminology’ section below). 

Peer-reviewed literature
The CMA aimed to provide a thorough assessment 
of peer-reviewed literature relevant to moun-

tains in Canada. Accordingly, the CMA conducted 
a national-scale systematic scoping review of 
peer-reviewed articles that are relevant to moun-
tains in Canada. This effort yielded 2,888 articles, 
all of which were classified according to variables 
such as major mountain region, focal topics, and 
research approach (see McDowell & Hanly, 2022, 
for full details). Additionally, authors were asked 
to ensure that the 20 most influential publica-
tions in their respective area of expertise (that are 
relevant to mountains in Canada), as well as any 
relevant review articles were considered in their 
assessment activities. All publications relevant 
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to the CMA were organised in a centralised and 
searchable cloud-based bibliography that was ac-
cessible to all authors.

Authors assessed the peer-reviewed academic 
literature with qualitative statements—supported 
by summary statistics as appropriate—about the 
state of knowledge/evidence in relation to key 
chapter themes and major mountain regions. 
Here, authors were asked to consider the amount 
of literature, the quality of literature, and the level 
of agreement in the literature within a particular 
domain of knowledge, as well as across mountain 
geographies. This approach was informed by the 
confidence language model of the IPCC (Mastran-
drea et al., 2010). However, the CMA does not use 
formal confidence language, given concern that 
the lack of a comparable criteria for Indigenous 
knowledges would have the effect of undermin-
ing the perceived validity of insights from First 
Nations, Métis, and Inuit knowledges. 

In addition to peer-reviewed articles, authors 
of some chapters also engaged with scholarly 
books as sources of information about mountains, 
especially for content from the humanities, arts, 
and literature. The identification and inclusion 
of scholarly books was based on the expertise of 
chapter authors. 

When reviewing peer-reviewed literature, au-
thors were asked to be cognizant of the processes 
originally used to gather and disseminate infor-
mation, including the fact that some academic 
literature reporting insights from Indigenous 
Peoples in Canada has been produced without the 
free, prior, and informed consent of Knowledge 
Holders; has lacked due credit or attribution; and 
has misrepresented First Nations, Métis, and Inuit 
knowledges in ways that continue to be harmful 
to Indigenous communities. CMA authors were 
not in a position to comprehensively assess the 
extent of such issues, nor to make a determina-
tion that certain materials should be excluded on 
this basis. Instead, authors were asked to reflect 
critically and constructively on these issues when 
assessing the literature to enhance awareness 
about ethical concerns vis-à-vis the production of 
knowledge about mountains in Canada. 

First Nations, Métis, and Inuit knowledges
A key aspiration of the CMA was to elevate In-
digenous knowledges of mountains and to bring 

these knowledges into conversation with West-
ern academic understandings of mountains. The 
co-creation of knowledge is fundamental to the 
Canadian response to the United Nations Decla-
ration on the Rights of Indigenous Peoples and 
the Calls to Action of the Truth and Reconcilia-
tion Commission; it also reflects recent case law. 
Among other things, court cases such as Haida 
(2004), Taku (2004), and Blueberry (2021) have 
clearly established an obligation under Canada 
law for genuine consultation with Indigenous 
Peoples. This is true regardless of treaty and high-
lights that, while a treaty relationship can provide 
guidance in this situation, it is not mandatory for 
consultation to occur.

To provide a respectful and more culturally 
appropriate way of engaging with First Nations, 
Métis, and Inuit understandings of mountains, 
the CMA organised an in-person Learning Circle 
with Indigenous Knowledge Holders from across 
mountain areas in Canada. The gathering (the 
CMA’s first in-person event) was held from from 
23–26  May 2022 in Banff, Alberta—Traditional 
Territories of Treaty 7 Peoples, including Niit-
sitapi from the Blackfoot Confederacy (Siksika, 
Piikani, and Kainai First Nations), the Îyârhe 
(Stoney) Nakoda (including the Chiniki, Bearspaw, 
and Goodstoney First Nations), and the Tsuut’ina 
First Nation, as well as the Métis Nation of Al-
berta, Region 3. The gathering aimed to provide 
an ethical space where knowledges and stories 
that participants wished to contribute to the CMA 
could be shared and appropriately included under 
their guidance. The Learning Circle was informed 
by advice from members of the CMA’s Steward-
ship Circle and an independent consultant on 
ethics and knowledge sharing, as well as wishes 
expressed during an online pre-meeting with 
participants; it was reviewed and approved by the 
University of Calgary’s Research Ethics Review 
Board before being convened (REB22-0070). 

The Learning Circle was attended by 20 First 
Nations, Métis, and Inuit individuals, including a 
Chief, numerous Elders, and several youths; some 
participants were also involved in the CMA as Au-
thors and Advisors prior to the gathering. After 
offerings of tobacco, in adherence to Indigenous 
protocols of the Nations on whose territories 
we gathered, the Learning Circle was opened by 
Elders from the region (Blackfoot and Stoney Na-
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koda), followed by three days of conversations organised around the 
CMA’s chapter themes. Following the guidance of Elders present, a chair 
at the circle was left open during the gathering as a sign of respect for 
the knowledge of, and responsibilities to, non-human kin that share 
mountain spaces. The Learning Circle conversations were facilitated by 
Indigenous CMA authors, the Project Leader, and the Project Assistant. 

As Elder Pnnal Bernard Jerome, Micmacs of Gesgapegiag, shared dur-
ing one of these conversations, the Learning Circle offered a space to 
reflect with humility on the mountains of his own home, to be reminded 
of his knowledge and identity as a Micmac person, and to learn from 
the stories and knowledges of diverse places shared during the gather-
ing (LC 1.1). Offering closing words for the Learning Circle, Elder Hayden 
Melting Tallow of the Siksika Nation, Blackfoot Confederacy, affirmed the 
CMA efforts to follow protocol, honoured his ancestors, and reflected on 
the experience of visiting the mountains and Peoples of many Nations 
in Canada through the conversations held during the Learning Circle 
(LC 1.2). We closed the gathering with words of trust, coexistence, and 
shared aspiration to carry the sharing of knowledges forward with action.

With contributors’ permission, conversations during the Learning 
Circle were video recorded by a videographer experienced in knowledge 
co-creation activities with Indigenous Peoples. After the event, these 
recordings were shared with participants, enabling them to request 
the removal of any culturally protected or otherwise sensitive content 
before it was shared more broadly. Shareable content was then uploaded 
to a video hosting and editing platform (frame.io), where video segments 
were time stamped by participants’ name and Nation or community, 
as well as the themes and topics discussed during their remarks (Fig. 
1.12). These searchable files were then shared with CMA authors, who 
were asked to weave videos into their respective chapters. With further 
guidance and review by Learning Circle participants, segments of these 
recordings have been included as videos in the CMA text (see videos in 
paragraph above, for example). Given their fundamental contributions 
to the CMA, Learning Circle participants are also recognized as CMA au-
thors (all agreed to be recognized in this way).

Other manifestations of First Nations, Métis, and Inuit knowledges re-
lated to mountains in Canada were included in the CMA at the discretion 
of Indigenous chapter authors, including content reported in commu-
nity reports and archival texts, as well as knowledge shared into the CMA 
by Indigenous chapter authors. 

Unlike the CMA’s engagement with academic literature, we did not 
aim to achieve a comprehensive understanding of First Nations, Métis, 
and Inuit knowledges of mountain systems across Canada. It would be 
impossible to include the diversity of First Nations, Métis, and Inuit 
knowledges of mountains in a single book. Moreover, as Learning Circle 
participant Gabrielle Weasel Head, Kainaiwa Nation, Blackfoot Confed-
eracy, explains, learning from this knowledge requires heart-forward 
work to build meaningful relationships that advance specific Indigenous 
Nations’ languages, protocols, and experiences (LC 1.3). In this spirit, 
the CMA approach reflects a commitment to confront colonial erasure 
of Indigenous lifeways and resist the imposition of pan-Indigeneity by 

Pnnal Bernard Jerome, Micmacs 
of Gesgapegiag, 2022, LC 1.1

Hayden Melting Tallow, 
Siksika Nation, Blackfoot 
Confederacy, 2022, LC 1.2

Gabrielle Weasel Head, 
Kainaiwa Nation, Blackfoot 

Confederacy, 2022, LC 1.3
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acknowledging and elevating the diversity of 
First Nations, Métis, and Inuit identities and ways 
of knowing mountains. In this context, the in-
clusion of certain First Nations, Métis, and Inuit 
knowledges should not be interpreted as endors-
ing those over others. Rather, the insights in-
cluded in the CMA reflect the information that 
was available given the methodology described 
in this chapter, and decisions by authors about 
which knowledges were particularly effective in 
illustrating the depth, richness, and diversity of 
mountain-related experience and knowledges 
possessed by Indigenous Peoples in Canada. 

Grey literature
Inclusion of credible information from grey lit-
erature—material not published in traditional 
academic outlets—is increasingly understood as a 
way to diversify and enhance assessment results 
(see Paez, 2017). While a comprehensive review 
of grey literature was beyond the scope of the 
CMA, authors were invited to engage with pub-
licly available grey literature that was relevant to 
chapter themes. No formal inclusion/exclusion 
criteria were applied in relation to grey literature; 
instead, the selection of materials was based on 
the respective expertise of chapter authors. Au-
thors were encouraged to comment briefly on the 

nature and credibility of the grey literature refer-
enced in the CMA. 

Video, artistic, and photographic content
Video recordings and artistic and photographic 
content help to enrich and broaden under-
standing of mountains in Canada. The primary 
intention of video recordings was to present con-
tributions from Indigenous Knowledge Holders in 
a more culturally appropriate way, as described 
above. In addition, the CMA recognizes that both 
Western academic and Indigenous knowledges of 
mountains are often presented in the form of art 
and photographs, and such content was therefore 
also included in the CMA. Authors used their own 
networks, knowledge, and expertise to identify 
relevant non-text content for inclusion in the 
CMA. There was no formal assessment process for 
such content.

Document management, bibliography, and 
citation formats
Documents related to the CMA were organised 
in a cloud-based ‘Author Hub’. Notably, master 
copies of chapter drafts were hosted online and 
available to all authors. This facilitated real-time 
engagement with other chapter authors and the 
ability to check the content and status of other 

Figure 1.12: Learning Circle video with searchability according to participant name, community and/or Nation, themes, 
and topics 
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chapters on an ongoing basis, all of which sup-
ported collaborative writing and review activities 
and increased transparency. 

The CMA also created a cloud-based project 
bibliography using Zotero, with searchability 
functions linked to codes from the systematic 
scoping review (e.g., major mountain regions, pri-
mary focal topic). This approach had important 
benefits for chapter preparation activities, in-
cluding most literature being available to author 
teams from the outset of writing and assessment 
activities, real-time access to documents contrib-
uted by other authors, and the ability to have any 
changes to references updated simultaneously 
across chapter master documents.

The citation formats for different kinds of 
materials in the CMA vary according to content- 
appropriate protocols. Specifically, reference to 
Learning Circle content includes the contribu-
tor’s name and community and/or Nation, as well 
as time brackets for the relevant segment of the 
video recording. (Note that recordings include 
full statements to ensure that comments are not 
taken out of context.) In addition, in-text contri-
butions from Indigenous Knowledge Holders have 
been attributed to Knowledge Holders and their 
communities, as appropriate, using a citation 
format developed to acknowledge Indigenous 
oral teachings (MacLeod, 2021). Other text and 
non-text materials are cited using American Psy-
chological Association (APA) output style.

Data management and copyright
The CMA Stewardship Circle devoted consider-
able attention to balancing a commitment to 
open-access publication with Indigenous data 
sovereignty considerations. The CMA has been 
published by the University of Calgary Press 
under a restricted Creative Commons licence 
(Attribution-NonCommercial-NoDerivatives) 
which allows for free, non-commercial distribu-
tion with proper attribution to contributors, but 
does not allow the material to be changed or dis-
tributed in derivative forms. Under this licence, 
authors and Learning Circle participants retain 
copyright to their contributions.

Recorded Learning Circle contributions are 
retained in perpetuity in a cloud-based reposi-
tory accessible to all Learning Circle participants. 
Portions of the recordings included as embed-
ded videos within this report were subject to a 

rigorous review process to determine whether 
they were appropriate for inclusion and did not 
contain sensitive information which could pose 
risks to participants or their communities. Rec-
ognizing that such determinations can change 
over time, a data withdrawal process was devel-
oped with the University of Calgary Press, which 
allows for contributions to be removed beyond 
the publication date if they are deemed inappro-
priate to share. Such changes can be made quickly 
to content hosted on the University of Calgary 
Press web platform and will be reflected in future 
print runs of the CMA. The virtual component of 
this assessment is thus a living space, uniquely re-
sponsive to the principle of ongoing consent. 

Author identification, roles, and activities 
CMA authors were identified through a variety 
of strategies to support the establishment of an 
experienced, diverse, and capable author team. 
Members of the Stewardship Circle were asked to 
provide the names of potential authors, a review 
was conducted to identify Indigenous scholars 
with expertise relevant to mountains at Canadian 
universities, and an open call for authors was 
distributed through CMN social media and 64 de-
partments/faculties within Canadian universi-
ties. These efforts yielded ~200 potential authors. 
The Project Leader and Project Assistant then 
extended invitations to a subset of potential au-
thors, aiming to include individuals from diverse 
areas of expertise, geographies, career stages, and 
genders, and to balance participation by Indige-
nous and non-Indigenous individuals. This was a 
deeply intentional process that involved nearly 
a year of research and outreach. Nevertheless, 
some potentially appropriate authors were surely 
missed while others were not contacted given ef-
forts to balance participation according to the cri-
teria above. In other instances, potential authors 
were contacted but they did not have the capacity 
to join the project. Zoom meetings were held with 
most individuals to discuss the unique approach 
and aspirations of the CMA before confirming au-
thorship roles. Learning Circle participants were 
also recognized as authors. In all, 75 individuals 
participated in the CMA as authors.

Individual CMA chapters were written by a 
group of chapter authors, with each chapter team 
being composed of both Indigenous and non- 
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Indigenous individuals. Each of the CMA’s core 
chapters, chapters 2–6, had Co-Lead authors as 
well as contributing authors. Chapter co-leaders— 
one Indigenous and one non-Indigenous indivi-
dual—oversaw the coordination and timely pre-
paration of their respective chapters, while 
contributing authors contributed specific text 
and/or non-text content for key topics areas 
within each chapter. Several CMA authors contrib-
uted to multiple chapters where their expertise/
knowledge pertained to topics that spanned mul-
tiple chapters. Note that Contributing Authors, 
which includes Learning Circle participants, are 
listed in alphabetical order in the author list for 
each chapter; thus, name order does not imply a 
hierarchy of contributions. 

Initial chapter drafts were prepared between 
January–July 2022. Following the Learning Circle, 
a second in-person meeting was convened in 
Banff between 26–28 May 2022 with 20 of the 
CMA’s authors. All other chapter preparation ac-
tivities were coordinated through regular online 
meetings. Review and revision activities com-
menced in August 2022. 

1.2.4 Review and revision process 

The review process for the CMA focused on en-
suring that the assessment of Western academic 
knowledge of mountains was consistent with sci-
entific standards, and that culturally protected or 
otherwise sensitive Indigenous knowledges and 
stories were not shared publicly. It also sought to 
invite feedback about the appropriate represen-
tation and braiding of multiple forms of evidence. 
The review of the CMA involved three primary 
stages.

Internal review period
Following the completion of initial chapter drafts 
in July 2022, members of the Stewardship Circle 
undertook a month-long internal review of the 
CMA. This review stage focused on identifying 
and addressing remaining gaps in chapters, re-
ceiving further guidance from Learning Circle 
participants about the appropriate inclusion 
of their knowledges, increasing engagement 
with non-text materials, supporting discursive 
and structural continuity across chapters, and 
formatting. 

External review period
Following internal review, the CMA underwent a 
six-week-long period of external review. Eligible 
reviewers included Indigenous Peoples in Canada 
and from other mountain regions globally, moun-
tain researchers from Canada and abroad, and 
those with professional responsibilities pertinent 
to mountain areas in Canada. Potential review-
ers were contacted through a variety of means, 
including outreach to the International Network 
of Mountain Indigenous Peoples (INMIP), no-
tification through CMN and CMA social media, 
and announcements by the Mountain Research 
Initiative (MRI). To ensure potential reviewers 
had appropriate expertise, knowledge, and/or 
motivation, interested reviewers were asked to 
complete a form describing their relevant qual-
ifications. In total, 28 individuals participated in 
the public review of the CMA, all of whom were 
either very familiar (79%) or somewhat familiar 
(21%) with mountains; 86% were mountain re-
searchers, 11% were both mountain researchers 
and Indigenous Knowledge Holders, and 4% were 
involved with the NGO sector; 14% of reviewers 
self-identified as Indigenous individuals. 71% re-
viewers were based in Canada, 7% were living out-
side of Canada but had previously lived in Canada, 
and 21% were based outside of Canada and had 
never lived in Canada. 

During the first week of external review, chap-
ter drafts were available exclusively to Learning 
Circle participants and their communities, as an 
additional check to ensure that no sensitive con-
tent was shared with external reviewers. External 
reviewers were then sent the CMA manuscript and 
were given the opportunity to provide written 
or oral feedback, with the former being collated 
through Google Sheets (similar to the IPCC review 
model) and the latter being offered through Zoom 
meetings. In total, 773 comments and suggestions 
were received from external reviewers. 

Revision and submission
Chapter revision and final report preparation ac-
tivities took place between November 2022 and 
February 2023. Following external review, chap-
ter teams were provided with comments and 
suggestions provided by reviewers. During revi-
sion activities, each chapter team was supported 
by a Chapter Review Editor (in addition to the 
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Project Leader and Project Assistant), who helped 
chapter authors engage appropriately and as 
thoroughly as possible with reviewer comments. 
Chapter Co-Lead authors, the Project Leader, Proj-
ect Assistant, and select Chapter Review Editors 
then led the preparation of a penultimate CMA 
draft. This draft was shared with CMA Advisors 
for review prior to submission for publication. 
The final CMA manuscript was submitted for pub-
lication in July 2023.

Terminology 
The CMA embraced a pluralistic approach to the 
use of terms and nomenclature, recognizing that 
diverse knowledge traditions have different con-
ventions and approaches for using language. We 
did, however, aim for consistency in the use of cer-
tain key phrases and terms. For example, the term 
“mountain systems” is used throughout the CMA, 
and indicates that mountainous places are con-
stituted through interconnected physical, social, 
and biological characteristics and processes. It is 
meant to broaden the view of mountains from 
immutable landscape features to dynamic, living, 
and deeply relational spaces. Furthermore, we 
followed the distinct major mountain regions in 
Canada defined by McDowell & Guo (2021) (see 
Figure 1.11). 

Where First Nations, Métis, and Inuit place 
names were known to the author team, we strove 
to prioritise the use of these names, rather than 
defaulting to other colonial terms. Given the 
overlapping and often contested nature of In-
digenous territories, we were not in a position 
to provide all applicable Indigenous toponyms 
for a given place or entity; in many cases, we re-
ferred to English and French names recognized 
by settler governments. Whether in Indigenous 
languages, English, or French, the names we 
chose were not intended to imply a hierarchy 
of one name above others, nor to align with one 
group’s claim over others or replace other names 
and meanings. We used the name Canada, or 
terms such as “the place now known as Canada,” 
to refer to the country established through col-
onisation of a continent which has held many 
different names through time. We avoided the 
use of the possessive “Canada’s mountains” or 
“Canada’s peoples” to eschew connotations of 
ownership. 

Following from the work of scholars such as 
Max Liboiron (2021), we used capitalization in-
tentionally to denote meaning in terms such as 
land/Land, where the use of “Land” refers to a 
context implying sacred meaning or identifying 
the Land as a living entity. For example, “I spend 
time on the land with my family,” was written to 
be read as denoting a distinct meaning from “the 
Land has memory.” Capitalization was also used 
to reflect respect, as in the case of capitalising 
the terms Elder, Nation, and Indigenous Peoples 
among others. Furthermore, to resist a default 
to assumptions of pan-Indigeneity, we aimed to 
prioritise use of the term First Nations, Métis, 
and Inuit to refer to the Peoples who have lived 
in the region now known as Canada since time 
immemorial. Likewise, we use the phrase Indig-
enous knowledges (plural) to denote an explicit 
recognition of the many distinct knowledges held 
by Indigenous Peoples in Canada. These choices 
reflect our best efforts to be consistent with 
emerging conventions within Indigenous Studies 
and the guidance of Indigenous authors and Ad-
visors who contributed to this assessment. 

1.2.5 Innovations

The CMA contributes numerous important inno-
vations. For example, the CMA is the first formal 
assessment of the state of mountain systems 
knowledge in Canada; it also contributed sev-
eral foundational analyses related to mountain 
systems in Canada (e.g. McDowell & Guo, 2021, 
McDowell & Hanly, 2022). Furthermore, CMA is 
the first ‘national-scale’ assessment of mountains 
in any country (importantly, the CMA can also be 
understood as an interNational assessment in that 
it brings together individuals from many Indig-
enous Nations across Canada). In addition, the 
CMA co-created and operationalized a pluralistic 
assessment approach that brings Indigenous and 
non-Indigenous individuals and knowledge sys-
tems into meaningful conversation to enhance 
understanding of a topic of shared interest. This 
is a first in the context of mountain-focused as-
sessments and such approaches remain rare in 
large-scale assessment activities more broadly 
(see Evaluación Nacional de Biodiversidad y Servi-
cios Ecosistémicos de Colombia (2021) for a notable 
recent example).
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Specific elements of the CMA’s pluralistic 
assessment approach warrant mention as im-
portant innovations. For example, the CMA’s 
Stewardship Circle provides insights into how re-
imaging governance arrangements can increase 
the salience, credibility, and legitimacy of cross- 
cultural knowledge co-creation initiatives. Like-
wise, the CMA’s implementation of a multiple 
evidence base approach and its foregrounding of 
ethics demonstrate pathways for enabling more 
respectful, inclusive, and generative assessment 
practices. The CMA’s authorship model follows 
from these innovations and is significant in its 
inclusion of Indigenous and non-Indigenous chap-
ter co-leaders, who are supported by author ship 
teams composed of both Indigenous and non- 
Indigenous individuals. 

The CMA also makes several substantive meth-
odological innovations. For example, while sys-
tematic reviews have been used for targeted 
purposes in prior assessments, the CMA appears 
to be the first major assessment to use a formal 
systematic scoping review a point of departure 
for identifying, collating, and characterising the 
relevant peer-review literature across all top ics 
and geographies (i.e., the state of Western aca-
demic knowledge). This approach has consider-
able benefits for transparency, traceability, and 
reproducibility, as well as workflow (e.g., avoiding 
the need for authors to conduct their own time- 
consuming literature searches). The associated 
cloud-based bibliography and ‘Author Hub’ pro-
vided additional benefits for collaboration in the 
context of a large, distributed project team. The 
CMA’s Learning Circle approach is also innovative 
in an assessment context, especially in its empha-
sis on cultivating a more culturally appropriate 
space for sharing First Nations, Métis, and Inuit 
knowledges of mountains. Relatedly, the CMA’s 
inclusion of video recordings from conversations 
with Learning Circle participants is an important 
innovation that strives to honour and uplift oral 
knowledge sharing traditions.

A final set of innovations pertains to the pub-
lishing model of the CMA. For example, in rec-
ognition of the rightful ownership of Indigenous 
Peoples over their cultural knowledges, the CMA’s 
copyright model places ownership solely with 
the knowledge contributor (not the publisher), 
and derivative works are not permissible without 
express consent of the contributor. Furthermore, 

contributors can withdraw material in the future 
if they deem that it is no longer appropriate to 
share, making the CMA uniquely responsive to 
the principle of ongoing consent.

1.2.6 Caveats and limitations

Notwithstanding its important innovations, en-
acting the CMA’s commitment to the principle 
of humility (Guiding Principle 3, Figure 1.10) re-
quires recognition of the project’s limitations. 
CMA tried hard to be more inclusive of Indigenous 
knowledges and to generate a knowledge assess-
ment that began to braid different ways of know-
ing within a space of equality and respect. That is 
a high mountain to climb. Beyond exchange and 
sharing of information, “knowledge braiding has 
to recognize and seek to redress historical and 
systemic injustices, and must be supported by a 
commitment to working together over the long 
term toward equity, self-determination, recon-
ciliation, and transformation” (Kassi et al., 2022, 
p. 1). The chapters that follow show how far we 
have come up that mountain, as well as the fact 
that much of the mountain remains to be climbed. 

The CMA encountered specific constraints in 
its efforts to advance a more inclusive mountain 
assessment. For example, the CMA was limited by 
its format as a text-based document written pri-
marily in English. First Nations, Métis, and Inuit 
Peoples across Canada are the keepers of more 
than 60 Indigenous languages—many of which 
are found in mountain areas in Canada (Fig. 1.4)—
each encoding specific knowledge of the land-
scape, including place-names and stories. Many 
are traditionally not written, and meanings may 
change when translated into English and tran-
scribed into text. Moreover, using predominantly 
settler-colonial languages such as English rein-
forces structures of power and hierarchy among 
knowledge systems. Including video recordings of 
conversations from the Learning Circle through-
out the assessment was a response to this issue, 
which endeavoured to provide a more culturally 
appropriate platform for sharing teachings and 
stories expressed orally and, in some instances, in 
Indigenous languages. 

Despite efforts to advance the inclusion of In-
digenous knowledges, academic literature and 
Western knowledge predominate across the 
CMA chapters. Furthermore, the CMA has only 
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scratched the surface of First Nations, Métis, and 
Inuit knowledges of mountains, including the in-
credible diversity of traditions, laws, protocols, 
and ways of being encoded in these knowledge 
systems. This is related, importantly, to the fact 
that aspects of Indigenous knowledges are often 
kept private and therefore cannot and should not 
be included in publicly available materials like the 
CMA. It is also important to recognize that Indig-
enous Advisors, authors, and Learning Circle con-
tributors do not represent all First Nations, Métis, 
and Inuit Peoples in mountain areas in Canada. In 
addition, the dichotomy between Indigenous and 
Western academic knowledge systems obscures 
the fact that many of those who contributed to 
this project hold multiple forms of knowledge, 
such as Indigenous individuals who have received 
Western academic training. 

In addition, while the CMA aimed to compre-
hensively assess the peer-reviewed academic lit-
erature relevant to mountains in Canada, some 
pertinent peer-reviewed studies were undoubt-
edly missed by the systematic literature review 
(e.g., relevant studies that were missed due to 
their lack of terms used in the search protocol 
for the systematic review). Authors aimed to fill 
these gaps by adding additional relevant docu-
ments. Furthermore, other literature (e.g., grey 
literature, books) offers rich and meaningful in-
sights about mountains in Canada, but a compre-
hensive review of such materials was beyond the 
scope of the project. 

Notwithstanding the literature assessed and In-
digenous knowledges included in the CMA, there 
are several content gaps in the chapters that 
follow. These gaps are largely related to difficulty 
in securing authors/subject experts for every 
topic the CMA intended to address. Each chapter 
contains a table that indicates a selection of topics 
that were not assessed. Finally, other sources 
of local and experiential knowledge of moun-
tains including from mountain professionals and 
guides as well as non-Indigenous mountain com-
munity members largely fell outside the scope of 
the CMA due to time and resource constraints. 
We recognize and value these as important types 
of knowledge about mountains and encourage 
future assessment efforts to engage with these 
groups. 

In view of these limitations, the CMA should 
be understood as an extensive but inevitably im-

perfect and incomplete assessment of the state of 
mountain systems knowledge in Canada.

1.3 Organisation of Assessment

The CMA includes six chapters that bring to-
gether Indigenous and Western academic knowl-
edge of mountains in Canada. Each chapter 
provides a reflection of the unique approaches 
of diverse author teams, so chapters are distinc-
tive in terms of content but also tone. This is a 
result of the CMA’s support for experimentation 
and emergence within chapter teams and reflects 
the unique ways in which authors have brought 
together diverse knowledges of mountains within 
specific CMA chapters. Likewise, it is important to 
emphasise differences in the scope of engagement 
with First Nations, Métis, and Inuit knowledge in 
individual chapters, which is a reflection of the 
framing of specific chapters, the composition of 
author teams, and the availability of shareable 
Indigenous knowledges pertinent to the chapter 
theme (e.g., what was shared during the Learning 
Circle). An overview of content included in the 
CMA is provided below.

The Introduction to the CMA (Chapter 1) pro-
vides context and rationale for the assessment, 
as well as details about the CMA’s governance, 
conceptual and ethical foundations, methodol-
ogy, and innovations and limitations. Chapter 2, 
Mountain Environments, covers biogeophysical 
aspects of mountains in Canada, including origin 
stories; mountain geology; weather and climate; 
snow, ice, and permafrost; water; hazards; ecosys-
tems and biodiversity; and connections between 
mountains and lowland/coastal environments. 
Chapter  3, Mountains as Homelands, examines 
the diverse connections that people have with 
mountain places, including as sites of homes 
and Homelands, spiritual importance, recre-
ation, and parks and protected areas, as well as 
tensions and transformations associated with 
settler-colonialism. Chapter 4, Gifts of the Moun-
tains, examines the benefits that people receive 
from mountains, including values, relationships, 
and uses associated with gifts provided by moun-
tains. Chapter 5, Mountains Under Pressure, 
evaluates processes, drivers, and trajectories of 
environmental and social change in mountain 
systems. Chapter 6, Desirable Mountain Futures, 
reflects on the other chapters and on the CMA’s 
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knowledge co-creation process. It discusses cross- 
cutting themes that emerged from the project 
and concludes by calling attention to needs and 
opportunities for securing more desirable futures 
for mountain systems in Canada.

We hope that you enjoy, learn from, and are in-
spired by the Canadian Mountain Assessment. 

Glossary

Canada: Canada is a country in North America composed 
of ten provinces and three territories. It is the world’s 
second-largest country by total area globally. Confed-
erated in 1867, Canada is a parliamentary democracy 
and a constitutional monarchy that is part of the Brit-
ish Commonwealth; it is premised on settler-colonial 
legal, economic, and political foundations. Now home 
to a highly diverse population of more than 40 million 
people, the state of Canada was imposed on the lands 
and territories of Indigenous Peoples, impacting but 
not erasing Indigenous governance systems and the 
stewardship, occupation, and use of lands under their 
care. Recognizing the complex meaning that the term 
“Canada” holds for different people, in the CMA we 
sometimes use phrases such as “the lands now referred 
to as Canada.” 

Canadian Mountain Network (CMN): The Canadian 
Mountain Network was established to support the re-
silience and health of mountain peoples and places in 
Canada through research partnerships based on In-
digenous and Western ways of knowing that inform 
decision-making and action. It was funded by a five-
year grant from the Government of Canada’s Networks 
of Centres of Excellence (NCE) Program, and was oper-
ational between 2019-2024.

Elders: Elders are members of a community who hold 
important roles in sharing knowledge with future gen-
erations, gathered through their own experiences and 
knowledge often shared from their own Elders through 
ceremony, protocols, and land-based learning. In the 
context of the CMA, the term Elder is used as a respect-
ful way to refer to Indigenous Knowledge Holders who 
play this role within their communities and who are 
acknowledged to be Elders in those contexts. The term 
Elder is capitalised to demonstrate respect and def-
erence to the knowledge and authority held by these 
individuals.

Ethical space: Developed by Willie Ermine (2007), the 
term ethical space refers to a state of working across 
knowledge systems—in this case Western and Indig-
enous knowledges—that is characterised by “mutual 
respect, kindness, and generosity,” and which involves 
ongoing conversation and active listening among 
actors with distinct worldviews and ethical norms. This 
process is rooted in relationship building and the devel-
opment of trust, as well as a willingness to be adaptive 
and responsive to new information. Acknowledgement 

of each individual’s positionality is a central step to-
wards cultivating ethical space, because doing so 
requires recognizing power imbalances that shape 
access to and perceived legitimacy of knowledge. As 
Nikolakis and Hotte (2022) note, “ethical space has the 
potential to transform cross-cultural relations, from an 
asymmetrical social order to respectful partnerships 
between Indigenous and non-Indigenous peoples.” 

First Nations: First Nations is a collective term to refer to 
diverse Indigenous Peoples across what is now known 
as Canada who do not identify as Inuit or Métis. There 
are more than 630 federally recognized First Nations 
communities across Canada with distinct cultures and 
lifeways, who belong to more than 50 different Nations 
and speak more than 50 languages. 

Grey literature: Information produced outside of tradi-
tional scholarly publishing and distribution channels, 
including policy literature, white papers, technical re-
ports, government and community documents, news-
paper, newsletters, and blogs, among other materials.

Indigenous Peoples: Indigenous Peoples are groups of 
culturally distinct people recognized as descendents 
of the earliest known human inhabitants of a par-
ticular region, who maintain enduring cultural and 
political connections to their ancestral lands and 
waters. There are thousands of distinct Indigenous 
Peoples worldwide who speak their own languages, 
have their own models of governance and law, and 
practise diverse ways of relating to and managing their 
surrounding environments. Note that the term “Indig-
enous Peoples” has no single agreed-upon definition 
and remains contested in many parts of the world. The 
United Nations Declaration on the Rights of Indigenous 
Peoples (UNDRIP, 2007) does not define indigeneity or 
which groups constitute Indigenous Peoples, leaving it 
to these groups and Nations to identify themselves as 
such. In the context of present-day Canada, and North 
America more broadly, the term Indigenous Peoples 
often refers to First Nations, Métis, and Inuit Peoples in 
juxtaposition to settlers (European and non-European) 
and their descendants. 

Indigenous knowledges: Indigenous knowledges are 
understood in the CMA as the bodies of knowledge 
generated by and belonging to Indigenous Peoples, 
both collectively and individually. The plural form 
“knowledges” reflects the diversity of Indigenous ways 
of knowing, rather than implying that Indigenous 
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Peoples hold one collective form of knowledge. In-
digenous knowledges often derive from longstanding 
relationships with the lands and water of Indigenous 
territories. While such knowledges are sometimes 
referred to as Traditional Knowledge or Traditional 
Ecological Knowledge, in the CMA we have gener-
ally moved away from this usage because Indigenous 
knowledges can also refer to knowledge gathered by 
Indigenous persons using diverse tools and approaches, 
including Western scientific approaches. Where the 
term “knowledge traditions” is applied, we use this to 
convey an “understanding of where we come from to 
move forward and share all we have to offer for our 
future generations” (Gùdia Mary Jane Johnson, per-
sonal communication, 26 April 2023), and to reference 
longstanding practices and protocols associated with 
knowledge gathering, safekeeping, and transmission.

Intergovernmental Panel on Climate Change (IPCC): 
The Intergovernmental Panel on Climate Change is 
the United Nations body for assessing the science re-
lated to climate change. The IPCC was established in 
1988 by the World Meteorological Organization (WMO) 
and United Nations Environment Programme (UNEP) 
to provide policymakers with regular assessments of 
the scientific basis of climate change, its impacts and 
future risks, and options for adaptation and mitigation.

International Network of Mountain Indigenous Peo-
ples (INMIP): The International Network of Mountain 
Indigenous Peoples brings together mountain com-
munities from 11 countries as they seek to revitalise 
biocultural heritage for climate-resilient and sustain-
able food systems. It was established in Bhutan in May 
2014 at the 14th Congress of the International Society 
for Ethnobiology.

Inuit: Inuit are a group of culturally related Indigenous 
Peoples whose territories across Inuit Nunagat (home-
land) extend across Arctic and subarctic regions of 
present-day Canada, and who share the common lan-
guage, Inuktitut. Inuit are among the three federally 
recognized groups of Indigenous Peoples in Canada 
(along with First Nations and Métis Peoples). Inuit ter-
ritories include Nunavut, an independently governed 
territory since 1999, Nunavik in the northern third of 
what is now known as Quebec, Nunatsiavut and Nu-
natuKavut in present-day Labrador, and portions of the 
Northwest Territories.

Knowledge braiding: A process of bringing together 
multiple ways of knowing, articulated by Robin Wall 
Kimmerer (2020) to think through a respectful process 
of sharing knowledge across Western academic and In-
digenous knowledges. The metaphor of the sweetgrass 
braid suggests an approach in which each “strand” of 
knowledge remains distinct while contributing to the 
whole braid to strengthen and enrich understanding. 
The process of braiding knowledges is rooted in respect 
for the diverse strengths of many ways of knowing 
and sees these knowledge systems as complementary 

rather than incorporating or integrating one knowl-
edge system within or beneath another. 

Knowledge co-creation: Knowledge co-creation refers 
to a collaborative process among two or more com-
munities (e.g., disciplines, ethnic or cultural groups) 
actively participating on equal footing in efforts to 
generate and share information that is coherent with 
each of their respective worldviews, disciplines, or 
perspectives. Effective knowledge co-creation requires 
trust among collaborators and respect for diverse ways 
of thinking and can also be understood as a process of 
mutual learning. 

Knowledge Holders: Knowledge Holders, also referred 
to as Knowledge Keepers, are individuals within an 
Indigenous community who are responsible for learn-
ing, caring for, and transmitting knowledge. This may 
include information about cultural practices and life-
ways, environmental conditions, governance and pro-
tocols, family traditions, and more. Knowledge Holders 
are entrusted to safeguard and responsibly carry 
knowledge important to their communities, and often 
hold formal responsibilities associated with its use and 
transmission. 

Métis: Métis People are one of three federally recognized 
groups of Indigenous Peoples in Canada (in addition to 
First Nations and Inuit). The term Métis refers collec-
tively to a group of Peoples who consider themselves 
culturally and ethnically distinct, with mixed Euro-
pean and Indigenous ancestry, who developed and 
maintained distinct cultures, languages, and commu-
nities in the post-contact era. 

Mountain systems: The phrase mountain systems is used 
in the CMA to connote the intrinsic connectedness of 
the physical, social, and more-than-human dimensions 
of mountainous places, and to call attention to the 
dynamism of mountain areas across space and time. 
While the phrase mountain systems is preferred, terms 
such as mountains, mountain areas, mountain regions, 
mountainous are also used in the CMA; these should 
be understood as connoting similar ideas, unless stated 
otherwise. 

Mountain Research Initiative (MRI): The Mountain Re-
search Initiative serves as a coordination network for 
research collaboration, bringing the global mountain 
research community together. Since the establishment 
of the MRI Coordination Office in 2001, the MRI has 
striven to promote basic and applied research to un-
derstand how drivers and processes of global change 
present challenges and opportunities in mountain 
social-ecological systems. The MRI is hosted by the 
Centre for Development and Environment at the Uni-
versity of Bern.

Multiple Evidence Base (MEB) approach: A Multiple 
Evidence Base approach emphasises the complemen-
tarity of knowledge systems and the values of letting 
each knowledge system speak for itself, within its own 
context, without assigning one dominant knowledge 
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system with the role of external validator. Complemen-
tary insights from different knowledge systems create 
an enriched picture of an issue of investigation. The 
approach acknowledges that there are power issues in-
volved when connecting different knowledge systems, 
and that there are—despite similarities and overlaps—
aspects of each knowledge system that cannot be fully 
translated into another. The MEB approach aims to 
promote and enable connections across knowledge 
systems in a respectful and equal manner. The ap-
proach stresses that the type of complementarity and 
co-production envisioned should be part of a collabo-
rative process between those involved from the outset. 
The focus on the process may help to clarify the power 
dynamics, maintain integrity of knowledge systems, 
generate new questions, and thus enable assessments 
and knowledge generation activities that are salient, 
credible, and legitimate for a diversity of Knowledge 
Holders. Definition and text from Tengö et al. (2014).

Ongoing consent: In a research context, commitment 
to ongoing consent reflects an understanding that an 
initial process of obtaining informed consent (e.g., 
through an informed consent process guided by the 
Tri-Agency standards for ethical research conduct) 
is only the beginning of a continued consent process. 
Ongoing consent is an iterative process in which re-
searchers maintain communication with research 
participants to provide updates and seek continued 
consent for participants’ knowledge and data to be 
used and/or shared. The CMA enacts the principle of 
ongoing consent by maintaining dialogue throughout 
the CMA preparation process and ensuring through the 
publication contract that Learning Circle participants 
may—in perpetuity—withdraw knowledge shared into 
the assessment should they decide it is no longer ap-
propriate to share.

Ownership, Access, Control, and Possession 
 (OCAP®): OCAP® asserts that First Nations alone have 

control over data collection processes in their com-
munities, and that they own and control how this in-
formation can be stored, interpreted, used, or shared. 
“Ownership” refers to the relationship of First Nations 
to their cultural knowledge, data, and information. 
This principle states that a community or group owns 
information collectively in the same way that an in-
dividual owns his or her personal information. “Con-
trol” affirms that First Nations, their communities, and 
representative bodies are within their rights to seek 
control over all aspects of research and information 
management processes that impact them. First Nations 
control of research can include all stages of a partic-
ular research project from start to finish. The prin-
ciple extends to the control of resources and review 
processes, the planning process, management of the 
information and so on. “Access” refers to the fact that 
First Nations must have access to information and data 
about themselves and their communities regardless of 
where it is held. The principle of access also refers to 

the right of First Nations’ communities and organisa-
tions to manage and make decisions regarding access 
to their collective information. This may be achieved, 
in practice, through standardised, formal protocols. 
“Possession” While ownership identifies the relation-
ship between a people and their information in prin-
ciple, possession or stewardship is more concrete: it 
refers to the physical control of data. Possession is the 
mechanism by which ownership can be asserted and 
protected. 

Peer-reviewed literature: Peer-reviewed literature has 
gone through an evaluation process in which expert 
scholars (peer reviewers) and journal editors critically 
assess the quality and scientific/academic merit of 
original research. Literature that passes this process is 
published in the academic journals (i.e., peer-reviewed 
articles) or scholarly presses (e.g. peer-reviewed books).

Systematic scoping review: Systematic scoping reviews 
use formal search procedures, inclusion/exclusion cri-
teria, and classification protocols to provide an over-
view of the state of peer-review literature for a given 
topic. They prioritise transparency, traceability, and 
reproducibility, and aim to increase the credibility and 
thoroughness of literature-based assessment activities.

Traditional Territory: A legally defined term used in the 
modern-day treaties to refer to lands and waters his-
torically used and occupied by First Nations, Métis, and 
Inuit Peoples.

Tri-Agency: Tri-Agency is the umbrella term used to 
describe the three Canadian Government research 
funding agencies: The Canadian Institutes of Health 
Research (CIHR), the Natural Sciences and Engineering 
Research Council (NSERC), and the Social Sciences and 
Humanities Research Council (SSHRC). The Tri-Agency 
is the primary mechanism through which the Gov-
ernment of Canada supports research and training at 
post-secondary institutions; it also provides guidance 
for the responsible and ethical conduct of research. 

Truth and Reconciliation Commission of Canada 
(TRC): The Truth and Reconciliation Commission of 
Canada was created in 2008 as a result of the Indian 
Residential Schools Settlement Agreement. The pur-
pose of the TRC was to document the history and 
lasting impacts of the Canadian Indian residential 
school system on Indigenous students and their fami-
lies, including by providing residential school survivors 
opportunities to share their experiences during public 
and private meetings held across the country. The final 
report of the TRC, Honouring the Truth, Reconciling for 
the Future (2015), documents the tragic experiences 
of approximately 150,000 Canadian residential school 
students and outlines 94 “Calls to Action” regarding 
reconciliation between non-Indigenous Canadians and 
Indigenous Peoples. 

United Nations Declaration on the Rights of Indi-
genous Peoples (UNDRIP): The United Nations 
Declaration on the Rights of Indigenous Peoples is the 
most comprehensive international instrument on the 
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rights of Indigenous Peoples. It establishes a univer-
sal framework of minimum standards for the survival, 
dignity, and wellbeing of the Indigenous Peoples of the 
world and it elaborates on existing human rights stan-
dards and fundamental freedoms as they apply to the 
specific situation of Indigenous Peoples. It was adopted 
by the UN General Assembly on 13 September 2007 by 
a majority of member states. After initially opposing 
UNDRIP, the Government of Canada reversed its posi-
tion and, as of 21 June 2021, now supports the imple-
mentation of the UNDRIP as a key step in renewing the 
Government’s relationship with Indigenous Peoples.

Western academic knowledge: Western academic 
knowledge and ways of knowing have their intellectual 
roots in the Ancient Greek philosophers, including Soc-
rates, Plato, and Aristotle, and extends through Roman 

philosophy, the European Renaissance, the Scientific 
Revolution, and the Age of Enlightenment. When we 
discuss Western academic knowledge or Western sci-
ence, we do so to acknowledge the Western European 
knowledge traditions that underpin how universities 
understand, teach, and advance knowledge. Like Indig-
enous knowledges, Western academic knowledges are 
not monolithic and are informed by a wide range of 
assumptions, underpinning philosophies, approaches, 
methods, and contexts; often, though not always, 
Western academic practices aim to produce gener-
alizable and reproducible insights based on analyses 
of observed phenomenon. These ways of producing 
knowledge are not static and reflect changing norms 
and principles for understanding what knowledge is 
legitimate. 
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A bull moose on the move in Kananaskis Country, Canadian Rockies, during the autumn rutting season.  
Photo courtesy of Abdulla Moussa, 2021.



2.1 Introduction

Mountain environments are characterised by a 
wide range of geological features, climates, eco-
systems, and landscapes. They can be viewed ho-
listically, as regions that are greater than the sum 
of their individual parts, or they can be broken 
down into their constituents of rock, snow and 
ice, water, and plant and animal life. In this chap-
ter, we take both viewpoints, and assess what is 
known—and not known—about mountain envi-
ronments in Canada. We assess the state of sci-
entific knowledge with respect to geology and 
mountain origins; mountain weather and climate; 
snow, ice, and permafrost; hydrology; ecosys-
tems and biodiversity; hazards; and connections 
between mountain environments and the sur-
rounding lowlands. Our assessment of the state 
of scientific understanding is complemented, 
where possible, with Indigenous knowledges of 
the same topics. The material in this chapter is 
foundational to subsequent chapters of the Cana-
dian Mountain Assessment (CMA).

Mountain environments are defined partly by 
their elevation, which literally and figuratively 

sets them apart from other landscapes. This 
elevation is a product of mountain-building 
processes that have occurred over hundreds of 
millions of years (Sec. 2.2). But mountains are 
also defined by their highly complex and het-
erogeneous nature. Large changes in elevation 
over relatively small horizontal distances lead to 
steep slopes and high relief that have cascading 
effects on weather (Sec. 2.3), water in both frozen 
(Sec. 2.4) and liquid (Sec. 2.5) forms, and plant 
and animal habitats and ecosystems (Sec. 2.7). 
The topographic and meteorological complexity 
of mountain environments also directly contrib-
utes to the hazards associated with these regions 
(Sec. 2.6). And while mountains may be set apart 
from their surrounding lowland regions, they are 
not isolated—viewed through a different lens, the 
two-way connections between upland and low-
land regions can be brought into focus (Sec. 2.8). 

Knowledge assessments impose divisions on 
the knowledge that is presented (Foucault, 1995), 
and each section of this chapter addresses a sep-
arate topic related to mountain environments. 
However, Indigenous Peoples’ knowledges of 
mountain environments are typically holistic and 
not easily parsable along traditional scientific 
categories. Consider for example, connections 
to the diminutive Straw Mountain in Flagstaff 
County, Alberta, which are largely related to 
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Manitou Asinîy (the Manitou Stone) and the 
Viking Ribstones. Such importance or sacredness 
of mountain environments is, furthermore, often 
unique to particular Nations or communities. 
For example, while Siksika Elder Hayden Melting 
Tallow stated the mountains are sacred places he 

is quite clear that he is only speaking for himself 
and his Nation (LC 2.1). 

Many Indigenous Peoples see a world full of 
animate entities. Beyond merely recognizing 
the personhood of other forms of life, many In-
digenous Peoples see things that might not be 
viewed by Western science as animate as alive. 
This category can range from individual rocks—
with perhaps the most famous example being 
the glacial erratic at Okotoks, Alberta (Fig. 2.2), 
that once chased Napi—to the planet itself, which 
Tsek’ehne Elders describe as a living entity. It has 
even been suggested that cryptids like sasquatch 
and the wendigo are personifications of the envi-
ronment itself, although it could equally be said 
that this interpretation speaks more of settler 

Figure 2.1: Straw Mountain, Flagstaff County, Alberta. Photo courtesy of Daniel Sims, 2011.

Hayden Melting Tallow, Siksika Nation, 
Blackfoot Confederacy, 2022, LC 2.1
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perspectives than Indigenous worldviews (Blu 
Buhs, 2009). This perception of being in a very 
animate world informs Indigenous knowledges 
of mountains and makes it difficult to separate 
the “environment” from the other topics in this 
report. In this context, we have chosen to include 
some Indigenous knowledges of mountain envi-
ronments that have been shared with the CMA in 
subsequent chapters, which are framed in more 
holistic ways (e.g., Gifts of the Mountains). 

Ultimately, our assessment efforts are shaped 
by the availability of and access to knowledge, 
both of which impact our assessment of mountain 
environments in Canada. Indigenous knowledges 
of mountain environments are extensive, but 
when such knowledges have not been shared with 
CMA, have not been recorded in writing, or are 
expressly private, they cannot be incorporated 
into our assessment of mountain environments. 
Similarly, observational studies of mountains 
in Canada are limited given the expansiveness, 
remoteness, and challenges to access, which 

characterise many mountain regions across the 
country. Notwithstanding these caveats, this 
chapter provides the first formal assessment of 
what is known and not known about mountain 
environments in Canada.

2.2 Origins
“One of the things we all are raised up with, if we are 
First Nations, Inuit, or Métis people, is the creation of the 
World.”—Gùdia Mary Jane Johnson, Lhu’ààn Mân  
Ku Dań, LC 2.2

Figure 2.2: Big Rock (Okotoks Erratic) is a 16,500 tonne granite boulder found on the prairie south of Calgary, AB. It 
originated in the upper Athabasca valley, and was carried several hundred kilometres by an ice stream at the end of 
the Last Glacial Maximum. Photo by Coaxial, CC BY 3.0, 2007.

Gùdia Mary Jane Johnson, Lhu’ààn  
Mân Ku Dań, 2022, LC 2.2
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2.2.1 Plate tectonics: The driving mechanism 
for mountain building

Mountains are the products of a perpetual battle 
between the tectonic processes that uplift the 
Earth’s surface and the processes of erosion that 
are constantly wearing it down. Most of these 
processes operate at rates that are too slow and 
on too large a scale for direct human observation. 
The result is that Earth’s geography, its distribu-
tion of mountain belts and ocean basins, appears, 
from a human perspective, to be an almost per-
manent feature of our planet. But mountains and 
oceans are not permanent. Indigenous origin 

stories, which form the foundation of their cul-
ture and guide societal behaviours and decision 
making, also contain parallels to geological origin 
stories and the vastness of time. 

The growth and demise of mountains involves 
tectonic processes that operate over many tens 
of millions of years (e.g., Müller et al., 2019). 
Many Indigenous creation stories talk about the 
creation of the world as well as certain natural 
features that were created or came into existence 
after the creation of the world (Snow, 2005). For 
example, the Fraser Valley contains hundreds of 
sites, known as transformer sites, where nations 
like the Stó:lō say their ancestors were turned 

0 1000 km
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Figure 2.3: Canadian mountain regions (grey) based on McDowell & Guo (2021) superimposed on major crustal 
divisions and orogens  Data from Hasterok et al., 2022.
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to stone. James Hutton’s demonstration, in 1788, 
of the extraordinarily slow rates of geological 
processes prompted the Scottish philosopher 
Playfair (Playfair, 1805) to write “The mind 
seemed to grow giddy by looking so far into the 
abyss of time.” In our assessment of mountain re-
gions within Canada, we need to be aware of the 
limits of our ability to understand such enormous 
spans of ‘Deep Time’ (McPhee, 1981).  

Canada has a landscape defined by its geology. 
At its core is the Precambrian ‘Canadian Shield’—a 
repository of ancient rocks formed between 4 and 
1 billion years ago (e.g., Hoffman, 1988). The shield 
itself consists of cratons—blocks that have been 
stable for 2.5 billion years—stitched together and 
surrounded by mountain belts or orogens formed 
by the convergence of tectonic plates between 
2.5 and 0.54 billion years ago. Time and erosion by 
water, wind, and ice have bevelled the Shield into 
a vast low-relief landscape of lakes, wandering 
rivers, and boreal forests. Surrounding the shield 
are much younger mountain regions: the Cordil-
lera to the west, the Appalachians to the east and 
the Arctic Archipelago to the north (Fig. 2.3). 

Plate-tectonic processes are responsible for 
mountain building. The Earth’s rigid outer litho-
sphere is broken into a series of plates (Fig. 2.4) 
that move very slowly over the softer, more plas-
tic asthenosphere below. Most of Canada lies 
in the North American Plate, which extends from 
the mid-Atlantic ridge to the edge of the Pacific 
Ocean. Tectonic plates are in motion as part of 
the ‘supercontinent’ cycle of continental growth, 
demise, and rebirth: a continual cycle of land and 
ocean evolution. Eastern Canada lies on a passive 
margin at the present day—it is in the middle of 
a plate and so experiences very limited seismic 
activity and has no volcanoes. In contrast the west-
ern margin of North America is an active margin; 
the continental margin is also a plate boundary. 
As a result, it has major earthquake-producing 
faults and numerous volcanoes that appear in the 
oral histories of First Nations groups in western 
Canada. The Nuu-chah-nulth peoples of the Pacific 
Maritime region, for example, speak of mountain 
dwarfs that not only cause earthquakes, but also 
warn people about them. In Heiltsuk (Bella Bella, 
Pacific Maritime region) traditions, earthquakes 

Figure 2.4: Principal plates of Earth’s lithosphere at the present day. Image by Scott Nash.
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occur when the being holding up the Earth with 
ropes periodically adjusts or loses their grip 
(McMillan & Hutchinson, 2002; Turkel, 2011).

2.2.2 Ancient orogens of eastern Canada

The precursor of the North American continent is 
known as Laurentia. Geological evidence from the 
eastern mountain regions of Canada indicate that 
Laurentia broke out of the supercontinent Rod-
inia between 800 and 550 million years ago (Ma) 
(Davidson, 2008). The ancient eastern margin 
of Laurentia is represented by thick limestone 
successions that record continental-shelf envi-
ronments similar to the present-day Bahamas, 
showing that Atlantic Canada lay in the tropics 
at that time. As Laurentia split off and moved 
northward it was drawn into a plate collision and 
subduction zone that ultimately gave rise to the 
Appalachian mountains (Hibbard et al., 2007; van 
Staal et al., 1998; Waldron et al., 1998; Williams, 
1979). 

Maritime and Atlantic Canada, including much 
of the Atlantic Maritime and Boreal Shield moun-
tain region, consists of the Appalachian orogen. 
Formed during the Paleozoic era (between 540 
and 250 Ma), the Appalachians were once part 
of a single continuous mountain system extend-
ing from Texas to Svalbard. The opening of the 
Atlantic Ocean separated this orogen into the Ap-
palachians in North America and the Caledonides 
of Greenland, Ireland, Britain, and Scandinavia. A 
continuation of the Caledonides into the Arctic 
basin is referred to as the Ellesmerian orogen 
and is at least in part responsible for the elevated 
topography of the northernmost portion of the 
Arctic Cordillera mountain region.

Evidence for the plate collision that formed 
the Appalachians and the volcanic arc that it 
produced occurs throughout the Atlantic Mari-
time and Boreal Shield region, particularly in the 
landscapes of the Bay of Islands and Gros Morne 
National Park. As the Laurentian margin was 
drawn into the subduction zone, the margin was 
pulled beneath a deformed mass of sedimentary, 
igneous, and metamorphic rock known as the 
‘Humber Arm allochthon’. Remnants of this geo-
logic jumble form the famous Tablelands of Gros 
Morne National Park (Fig. 2.5). Mountain building 
continued for another 100 million years, incorpo-
rating multiple terranes—small crustal blocks with 

Figure 2.5: View looking north over a slice of oceanic 
lithosphere preserved in the Tablelands, Gros Morne 
National Park, NL. Grey rocks on the left represent 
ancient oceanic crust. Orange-weathering rocks on the 
right are representative of the uppermost mantle. Photo 
courtesy of Phil McCausland, 2019.
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distinct geological histories—into the orogen 
(Cocks & Torsvik, 2011).

2.2.3 Younger orogens of western Canada

Together, the Montane Cordillera, Pacific Mar-
itime, Boreal Cordillera, and Taiga Cordillera 
mountain regions (Fig. 2.6) form the Cordilleran 
orogen of western Canada. While Laurentia was 
being incorporated into eastern and northern 
North America, the future western Cordillera 
formed the western margin of the supercontinent 
Pangea, facing the vast expanse of the Panthalas-
sic Ocean. As Pangea began to drift apart, a passive 
plate margin formed along North America’s west 
coast. In the shallow sea waters within this pas-
sive margin the first complicated, multicellular 
life forms arose, and are preserved in the famous 
Burgess Shale fauna (Conway Morris, 1989). But it 
was not until the break-up of Pangea (at 200 Ma) 
that the Cordilleran ranges began to form. The 
rifting of North America away from Africa led to 
crustal thickening, metamorphism, and the for-
mation of several ranges of mountains along the 
western margin. At ~75 Ma, the western Cordil-
lera’s most iconic ranges, the Rocky Mountains, 
were born. 

Further north, strike-slip motion (where plates 
move horizontally past each other) pushed the 
‘Yakutat’ continental block northward along the 
margin. This geologically recent continental col-
lision (Mazzotti & Hyndman, 2002) formed the St. 
Elias Mountains, which include the highest peak 
in Canada, Mount Logan (5959 m). The Yakutat 
block collision was connected to the Cordilleran 
orogen but involved crustal shortening and uplift 
associated with continental plate convergence, 
in contrast to the subduction-zone convergence 
processes across much of the western cordillera.

The western mountains of Canada are all seis-
mically active, with small- to moderate-sized 
earthquakes that occur infrequently from a 
human perspective, but on a regular basis geo-
logically (Lamontagne et al., 2008). Subduction 
continues beneath Vancouver Island, periodically 
giving rise to great earthquakes and related tsu-
namis that have been recorded in First Nations 
oral histories (Ludwin et al., 2007; McMillan & 
Hutchinson, 2002). The most recent of these 
earthquakes occurred on 26 January 1700 (Clague 

et al., 2000) and was described by Chief Louis 
Clamhouse: 

This story is about the first !Anaqtl’a or 
“Pachena Bay” people. It is said that they 
were a big band at the time of him whose 
name was Hayoqwis7is, ‘Ten-On-Head-
On-Beach’. He was the Chief; he was of the 
Pachena Bay tribe; he owned the Pachena 
Bay country. Their village site was Loht’a; 
they of Loht’a live there. I think they num-
bered over a hundred persons ... there is no 
one left alive due to what this land does at 
times. They had practically no way or time 
to try to save themselves. I think it was at 
nighttime that the land shook ... They were 
at Loht ‘a; and they simply had no time to 
get hold of canoes, no time to get awake. 
They sank at once, were all drowned; not 
one survived ... I think a big wave smashed 
into the beach. The Pachena Bay people 
were lost ... But they on their part who 
lived at Ma:lts’a:s, ‘House-Up-Against-
Hill’, the wave did not reach because they 
were on high ground. Right against a cliff 
were the houses on high ground at M’a:l-
sit, ‘Coldwater Pool’. Because of that they 
came out alive. They did not drift out to sea 
along with the others ... (Arima et al., 1991, 
pp. 230–231). 

Volcanoes are common in the western mountain 
regions, though less active and less well known. 
The Cascade volcanic province sits above the sub-
duction zone in coastal British Columbia (Fig. 2.7) 
and includes the recently active Qw’elqw’elústen 
(Mount Meager) volcano (Hickson et al., 1999; 
Michol et al., 2008) and Nch’kay ̓ (Mount Garib-
aldi), which last erupted when continental ice 
sheets covered the region (W. Mathews, 1952). The 
Anahim Volcanic Belt lies north of the Cascade 
volcanic province, and trends roughly east-west 
across the orogen. At the eastern edge of the belt 
sits the Nazko cone, which last erupted approxi-
mately 7200 years before present (Souther et al., 
1987). This volcanic belt is thought to record the 
westward passage of the North American Plate 
above a mantle hotspot or plume (Kuehn et al., 
2015). East of this lies the Wells Gray –Clearwater 
volcanic complex. 
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Figure 2.6: Map of the 
Canadian Cordillera showing 
terranes accreted to North 
America and features men-
tioned in the text. Modified from 
Colpron & Nelson, 2009.

Figure 2.7 (opposite): Map of 
volcanoes in western Canada, 
and volcanic belts and prov-
inces. Volcano locations from the 
Geological Survey of Canada  
(http://gsc.nrcan.gc.ca/ 
volcanoes/cat/volcano_e.php;  
last available June 2012) 
and the Smithsonian Global 
Volcanism Program  
(https://volcano.si.edu/ge/
PlacemarkLinks.cfm; accessed 
April 2023). Locations of the 
volcanic provinces and belts 
modified from Edwards & 
Russell, 2000.
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Volcanic events in the Northern Cordilleran 
Volcanic Province (Stikine and Wrangell Volca-
nic Belts) have played an important part in the 
history of those who live in the mountains. Some 
Dene Nations, for example, speak of a volcanic 
eruption in the past that led to their ancestors 
leaving the Dene homeland, and which resulted in 
the subsequent emergence of the different Dene 
Nations (Moodie et al., 1992). As Lhu’ààn Mân Dań 
Elder Gùdia Mary Jane Johnson told the Learning 
Circle, her people speak of a year without summer 
(LC  2.3). While not definitively identified, it has 
been postulated that Elder Gùdia Mary Jane 
Johnson refers to the massive eruption of Mount 
Churchill around 720–850 CE (Mackay et al., 2022; 
Moodie et al., 1992), an event that may have driven 
southward migrations and declines in Indigenous 
groups in the region (Hare et al., 2004). The erup-
tion of the Tseax cone around 1700 CE in the Nass 
River Valley (Fig. 2.8), is woven into Nisga’a oral 
histories, in part because it is the deadliest vol-
canic event in what became Canada (Corsiglia & 
Sniveky, 1997; Yannick, 2020). However, volcanic 
activity has also been thought to offer gifts to 
Indigenous Peoples. Elder Pnnal Bernard Jerome 
(Micmacs of Gesgapegiag) described the sacred 
stones, a form of perforated lava, offered up from 
the belly of Mother Earth to share her spirit with 
the people during ceremonies (LC 2.4). 

Across all mountain regions, erosional pro-
cesses continually sculpt the underlying geology 
of mountain landscapes. Erosion removes rock al-
most as fast as the mountains rise (Ford et al., 1981; 
Molnar & England, 1990). The interplay between 

relative sea level change and crustal rebound fol-
lowing the removal of continental scale ice sheets 
has led to dramatic changes in coastlines both 
in the Arctic (Müller & Barr, 1966) and along the 
Pacific coast (Shugar et al., 2014). The potential 
energy generated through the uplift and erosion 
of mountains can also lead to catastrophes for 
mountain inhabitants, where rockfall and land-
slides pose significant hazards (see Sec. 2.6). 

2.2.4 Ice sheet histories, landscape 
sculpting, and deglaciation 

Mountain ranges in the east, the north, and the 
west of Canada have served as centres of initia-
tion for large ice sheets that repeatedly covered 
the northern half of North America over the past 
2.6 million years (Batchelor et al., 2019; Clark et 
al., 1993). Flowing outwards from high-elevation 
regions lifted by tectonic forces, continental ice 
sheets and their associated erosional and dep-
ositional processes have repeatedly sculpted 
landscapes across Canada (Mathews, 1991), with 
comparable rates of erosion and sculpting from 
rivers during ice-free periods (CAINE, 1976; 
Koppes & Montgomery, 2009). The processes that 
shape mountain environments can be broadly 
summarised by elevation and slope angle (Slay-
maker, 1990): at the highest elevations and on 
steeper mid-elevation slopes, glacial processes 
and mass wasting (i.e., rockfalls, landslides) dom-
inate the landscape. At lower elevations and 
in valley bottoms, rivers control the sculpting 
process as they erode and rework the sediment 
deposited by glaciers and mass movements. 

Glaciers and ice sheets are prolific landscape 
shapers: with each glaciation, the expansion of 
mountain glaciers and continental ice sheets 
widens and deepens existing river valleys, rounds 
lower elevation topo graphy covered by ice sheets, 
and undercuts sum mits that remain above the ice 
(Mathews, 1991). These processes are reflected in 
the sharp peaks of the Pacific Maritime, Montane 
Cordillera, and Boreal Cordillera regions and the 
rounded hills of the interior and the Shield re-
gions. Sediments eroded and carried by glaciers 
and ice sheets are deposited across the landscape 
as the ice sheets retreat, and water produced 
by the melting ice picks up, moves, and depos-
its these sediments in river valleys and lowland 
floodplains. 

Gùdia Mary Jane 
Johnson, Lhu’ààn Mân 

Ku Dań, 2022, LC 2.3

Pnnal Bernard Jerome, 
Micmacs of Gesgapegiag, 

2022, LC 2.4
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Numerous inland lakes were formed during 
deglaciation in the Mountain, Pacific, and Boreal 
Cordillera. These lakes, created by temporary ice 
dams that blocked rivers draining the melting ice 
sheets, left thick deposits of sand and clay and 
scoured the landscape when the ice dams broke 
and the lakes drained catastrophically (Johnsen & 
Brennand, 2006; Ryder et al., 1991). In addition to 
shaping the landscape itself, repeated glaciations 
and deglaciations have impacted species distri-
butions, biodiversity, and genetic diversity (Sec. 
2.7) through habitat fragmentation, creation of 
glacial ‘refuges’, and exposure and subsequent 
flooding of continental shelves (Allen et al., 2012; 
Hewitt, 2000; Shafer et al., 2010). 

The most recent period of glaciation peaked 
between 21,000 and 18,000 years ago, at what is 
known as the Last Glacial Maximum (LGM). At the 
LGM, two continental-scale ice sheets covered 
most of the Canadian landmass: the Cordilleran 
Ice Sheet, which was centred over the mountains 
of western Canada; and the Laurentide Ice Sheet, 

which originated from multiple ice domes cen-
tred east of Great Slave Lake, northern Ontario, 
and Quebec (Dyke & Prest, 1987; Gowan et al., 
2016; Marshall et al., 2000). Thick ice sheets cov-
ered most of Canada at this time.

The timing of glacier and ice sheet retreat from 
their maximum LGM extents varies by mountain 
region. The earliest retreat of the Cordilleran Ice 
Sheet was likely initiated on the southern and 
western margins, with ice-free coastal sections 
possibly offering a viable corridor for human mi-
gration by approximately 18,000 years ago (Braje 
et al., 2020; Darvill et al., 2022; Dulfer et al., 2021; 
Dulfer et al., 2022; Wade, 2021). An ice-free corri-
dor between the Cordilleran and the Laurentide 
Ice Sheets was likely not viable for human migra-
tion until somewhere between 13,800 and 12,600 
years ago (Adler et al., 2022; Clark et al., 2022; 
Pedersen et al., 2016). There is some evidence to 
suggest a human presence on lands south of the 
continental ice sheets as long as 37,000 years ago 
(Rowe et al., 2022), although many Indigenous 

Figure 2.8: Lava beds in Nass Valley, Nisga’a territory, British Columbia. Photo by Darren Kirby, CC BY-SA 2.0, 2022.
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Peoples understand their presence in these land-
scapes as existing since time immemorial. The 
Laurentide Ice Sheet has a complex deglaciation 
history (Dyke & Prest, 1987), with ice domes per-
sisting over northern Quebec and Labrador until 
approximately 7000 years ago (Ullman et al., 
2016). Large icefields currently found on Baffin 
and Ellesmere Islands in the Arctic Cordillera are 
remnants of the last glaciation, as these contain 
residual Pleistocene-age ice (Koerner and Fisher, 
2002; Zdanowicz et al., 2002). 

While there may be a tension between scien-
tific evidence for the first arrival of humans in 
North America, the chronology of continental ice 
sheets, and Indigenous concepts of being present 
on the land since time immemorial (Wynn, 2007), 
origin stories from the Blackfoot Nation of the 
Montane Cordillera clearly reflect the environ-
mental processes related to deglaciation (Zedeno 
et al., 2021). These oral histories reference the 
great floods and lakes left behind by decaying ice 
sheets, the south to north re-vegetation of the 
deglaciated landscape, and the ‘erratic train’ of 
boulders (Fig. 2.2) that was left behind as the Cor-
dilleran and Laurentide ice sheets retreated. 

Following the retreat of the Cordilleran Ice 
Sheet in western Canada, global mean tempera-
tures peaked approximately 8000 years before 
present. For a period of several thousand years, 
glaciers were absent over large areas that are now 
occupied by glacier ice in western Canada (Heus-
ser, 1956; Menounos et al., 2009; Wood & Smith, 
2004). In eastern and northern Canada, this ther-
mal maximum was delayed by up to 4000 years 
due to the slower demise of the Laurentide Ice 
Sheet over eastern regions. This period of relative 
warmth prior to the re-establishment and expan-
sion of mountain glaciers (Mood & Smith, 2015) 
and permafrost (Treat & Jones, 2018) has impli-
cations for the occupation of mountain regions 
by Indigenous Peoples and the establishment of 
mountain ecosystems over the past 10,000 years. 

2.2.5 Gaps and challenges

Mountains exist because of a dynamic interplay 
between deep-time geological processes that lift 
land upwards, and the erosive effects of ice, water, 
and wind that grind them down under the force of 
gravity. They will continue to evolve both in ways 
that are beyond our ability to perceive, as well as 

those more rapid and visual processes involving 
snow, ice, hydrology, ecology, mountain hazards, 
and human interactions in these environments. 
A more holistic and integrated approach across 
these subject areas is needed to improve systems- 
based understanding of mountains and their 
future evolution.

In the younger mountain ranges of eastern 
and western Canada, mapping and biostratigra-
phy (correlation using fossils) has provided ex-
ceptional information on the ages of the rocks 
and the relationships between the main units. 
However, even in these relatively well under-
stood orogens there are significant gaps and chal-
lenges. For example, controversy has surrounded 
the polarity of subduction—which slab of plate 
descended into the deeper mantle during con-
vergence—in the evolution of both orogens (e.g., 
Johnston, 2008; McMechan et al., 2020; De Souza 
et al., 2014; van Staal et al., 2015), and more work 
is needed to resolve these questions. Also poorly 
understood is the relationship between the Ap-
palachian Orogen and its continuation through 
the Caledonide Orogen of Europe, Svalbard, and 
Greenland into Arctic Canada as the Innuitian (or 
Ellesmerian) Orogen (Fig. 2.1) (e.g., Malone et al., 
2019).

The older orogens in Canada pre-date most fos-
sils, so unravelling their history is dependent on 
isotopic dating, and large areas have been mapped 
geologically only at reconnaissance scale. The 
tectonic history of the Canadian Shield records 
major episodes of mountain building for which 
the plate-tectonic processes are only beginning 
to be understood (e.g., Hoffman, 1988; Martins et 
al., 2022). Most of these former mountain belts 
have been worn down close to sea-level, but por-
tions of the Grenville and Trans-Hudson orogens, 
formed during the amalgamation of earlier su-
percontinents, form the Laurentian and Torngat 
mountains in eastern Canada. Still more uncer-
tainty surrounds the ancient Archean cratons 
(Fig. 2.1), which record a tectonic system prior to 
2.5 billion years ago that may have been substan-
tially different from modern plate tectonics (e.g., 
Hamilton, 1998).

2.3 Weather and Climate 

Western science defines weather as the day-to-
day changes in temperature, precipitation, wind, 



MOUNTAIN ENVIRONMENTS 43

and clouds, and climate as the long-term average 
of weather. Or, as the Sami people of Finland have 
described it, “Climate is recorded. Weather is ex-
perienced” (Ingold & Kurtilla, 2000). Mountains 
are known for their unpredictable and extreme 
weather, and are on the front lines of climate 
change (Hock et al., 2019). While scientific re-
search on mountain weather and climate focuses 
on quantifying and explaining spatial patterns in 
specific climate variables, this approach may be 
less relevant to Indigenous Peoples and others 
living in mountain areas than, for example, the 
lived experience of weather (Ingold & Kurtilla, 
2000; Walsh et al., 2017), its predictability (Walsh 
et al., 2005; Wilson et al., 2015) or indicators of 
seasonal changes from animal behaviours (Turner 
& Clifton, 2009). 

Millennia of accumulated experience on the 
land provide First Nations, Métis, and Inuit Peo-
ples with intimate knowledge and understanding 
of “human-relevant environmental variables” 
(Fox et al., 2020; Simpson, 2002; Weatherhead et 
al., 2010). As Siksika (Blackfoot Confederacy) Elder 
Hayden Melting Tallow and Kwanlin Dün Elder 
Patricia Joe stated, the mountains themselves 
served as indicators of the weather and people 
learned to read them (LC 2.5, LC 2.6). In contrast, 
the observational networks used to measure, 
quantify, and model weather and climate were 
only established in the past century, and the cli-
mate reanalysis models used to describe broad 
spatial patterns have been developed and refined 
only in the past 20 years, although they have been 
applied retrospectively to past climate. 

This section describes how air temperature, 
precipitation, and winds vary across mountain re-
gions in Canada, and identifies the processes that 
make mountain weather both interesting and 
challenging. We use existing datasets to broadly 
characterise the climatology of mountain systems 
across Canada and assess the understanding of 
mountain-specific weather processes from both 
Indigenous and Western scientific perspectives. 
Few Indigenous perspectives on weather and cli-
mate in mountain regions across Canada were 
shared with us during the Assessment, so this sec-
tion is limited in its representation of Indigenous 
understanding of mountain weather and climate 
processes. For the scientific perspective on moun-
tain weather and climate, we refer throughout 
this section to the ERA5 global reanalysis data-
set (Hersbach et al., 2020) which provides a more 
complete and consistent meteorological dataset 
than the sparse station networks often found in 
mountainous regions. 

2.3.1 Air temperature

Mountain systems in Canada are characterised 
by large variations in near-surface air tempera-
ture in both space (Fig. 2.9) and time (Fig. 2.10). 
Mean seasonal and annual temperatures shown 
for the period 1991–2020 are based on the ERA5 
reanalysis dataset (Hersbach et al., 2020) and are 
given in Table 2.1. From a climatological point of 
view, latitude and distance to the ocean control 
the spatial distribution of temperature across 
the different Canadian mountain regions (Fig. 
2.9). The Pacific Maritime region stands out for 
being warm with mild winters (mean winter tem-
peratures of -4.5°C) relative to the rest of Canada 
(mean winter temperatures of -20°C). The Arctic 
Cordillera region is on the other end of the spec-
trum, characterised by extremely cold conditions 
with mean annual temperatures of -16°C and 
mean win ter temperatures of -30°C. 

In mountain regions, the elevation of the 0°C 
temperature threshold is critically important 
for processes such as snow and ice melt, frozen 
ground, and precipitation phase (rain versus 
snow) at the surface (Mekis et al., 2020). Mountain 
regions in Canada that experience mean annual 
temperatures near 0°C are found in low-elevation 
and coastal regions of southern Canada (Pacific 
Cordillera and Atlantic Maritime). 

Hayden Melting Tallow, 
Siksika Nation, Blackfoot 
Confederacy, 2022, LC 2.5

Patricia Joe, Kwanlin  
Dün First Nation, 

2022, LC 2.6
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Within a given mountain region, elevation 
strongly controls the spatial variability of tem-
perature. On average, temperatures decrease 
with elevation at a rate known as a lapse rate or 
temperature gradient. In the Montane Cordillera, 
the mean annual lapse rate is -5.2°C km-¹ (Shea 
et al., 2004), which means that on average the 
temperature decreases by 5.2°C for every 1000 m 
increase in elevation. A more negative lapse was 
found in springtime (-6.0°C km-¹) when strong 
temperature contrasts exist between snow-free 
valley bottoms and snow-covered peaks. In the 
eastern Montane Cordillera (Canadian Rockies) 
and the Pacific Cordillera, the lapse rate is gen-
erally larger for maximum temperatures than for 

minimum temperatures (Stahl & Moore, 2006; 
Wood et al., 2018). Lapse rates in the Arctic show 
similar ranges and are often weaker due to strong 
inversion structures, with links to atmospheric 
circulation patterns (Marshall et al., 2007).

Minimum temperatures in valley bottoms are 
particularly sensitive to the overnight accumula-
tion of cold air in valley bottoms (Sakiyama, 1990), 
which reverses the lapse rate and leads to the for-
mation of temperature inversions where colder 
air is found at lower elevation. Inversions are 
common in the eastern Canadian Rockies (Wood 
et al., 2018) and the Yukon (Burn, 1994), and are 
more frequent during winter when cold and con-
tinental polar air masses from northern Canada 
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move southwards (Cullen & Marshall, 2011). The 
formation of valley cold pools represents a chal-
lenge for meteorological models, in particular in 
the Canadian Rockies (Vionnet et al., 2015). Tem-
perature inversions are also very frequent in the 
Arctic, Taiga and Boreal Cordilleras (O’Neill et al., 
2015; Smith & Bonnaventure, 2017) where they 
influence the spatial distribution of permafrost 
(Bonnaventure & Lewkowicz, 2013). Tempera-
ture inversions are not restricted to valley bot-
toms and can be observed at larger scales due to 
the continuous loss of heat from snow and ice- 
covered surfaces, particularly during dry and 
clear conditions. This is especially the case in the 
Arctic during the long and dark winter (Lesins et 
al., 2010). 

Other weather phenomena, such as Chinook 
events in the eastern Canadian Rockies and the 
Foothills (Montane Cordillera), can also influence 
the lapse rate. During such events, air is warmed 
as it descends to the surface, and the lapse rate 
approaches -10°C km-1 (Cullen & Marshall, 2011). 
Chinook events can bring rapid warming and 
snowmelt in the depths of winter in the Cana-
dian Rockies (Nkemdirim, 1996, 1997; Mekis et al., 
2020). More details about the Chinook, an iconic 
wind of the mountains in Canada, are given below 
in the section dedicated to mountain winds. 

Mountain glaciers modify the distribution of air 
temperature in their vicinity. For example, during 
the melt season, the temperature of the snow and 
ice at the surface of glaciers cannot exceed 0°C. 
Observations from the Pacific Maritime region 

(Shea & Moore, 2010) and the Arctic Cordillera 
(Marshall et al., 2007) show that the air imme-
diately above the glacier surface is cooled and, 
as it is denser, it flows downward in a thin layer 
above the glacier. Consequently, air temperatures 
above glaciers are typically lower than off-glacier 
temperatures at the same elevation during the 
summer months (i.e., when the surrounding ter-
rain is snow-free). 

Mountains in Canada are increasingly affected 
by extreme air temperatures in summertime. 
Recently, in June 2021, an unprecedented heat 
wave known in the media as the “heat dome” 
impacted the southern parts of the Pacific and 
Montane Cordilleras with local temperatures 
reaching values well above 40°C (Vasquez, 2022). 
During this heat wave, the all-time heat record in 
Canada was eclipsed three days in a row with air 
temperatures reaching 46.1°C, 47.9°C, and 49.6°C 
in the village of Lytton, located on the lee side of 
the Pacific Maritime ranges. This heat wave was 
associated with the presence of a large-scale and 
persistent high-pressure ridge centred over the 
region that prevented the transport of cooler, 
moist Pacific air into the region. Ridges are also 
associated with clear skies (i.e., sunny conditions) 
and sinking air that warms adiabatically, similar 
to Chinook winds, contributing to the hot, dry 
weather. 

Similar circulation patterns are related to 
droughts in the Pacific and Montane Cordilleras 
and in the adjacent regions of interior British 
Columbia and of the Prairies (Bonsal et al., 2011; 

Table 2.1: Average annual (ann), winter (DJF: December, January, and February), and summer (JJA: June, July, and 
August) temperature and precipitation in the main mountain regions of Canada and across all Canada (last row). The 
values were calculated from the ERA5 global climate reanalysis, with a resolution of 0.25 degrees and are based on all 
ERA5 grid cells covering Canada and each of the CMA mountain regions.

ERAS baseline climatology (1991–2020), Canadian Mountain Regions

  T (°C)   P (m) 
Mountain Region DJF JJA ann DJF JJA ann

Pacific Maritime -4.5 11.2 2.9 0.84 0.38 2.60
Montane Cordillera -9.1 12.4 1.5 0.21 0.25 0.92
Boreal Cordillera -17.7 11.5 -3.1 0.13 0.27 0.73
Taiga Cordillera -23.6 11.0 -7.1 0.07 0.31 0.62
Atlantic Maritime -14.1 15.1 1.0 0.25 0.37 1.23
Eastern Subarctic -19.3 9.5 -4.6 0.16 0.30 0.94
Arctic Cordillera -30.0 1.4 -16.0 0.03 0.14 0.32
All of Canada -20.0 12.3 -3.9 0.12 0.24 0.69
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Stewart et al., 2019). Droughts in mountains in 
Canada are a combination of anomalously low 
precipitation (Sec. 2.2.2) and high air tempera-
tures (Bonsal et al., 2011). The occurrence of wild-
fires in the Montane Cordillera is also controlled 
by the same large-scale atmospheric circulation 
patterns that favour heat waves (Johnson & Wow-
chuk, 1993). Wildfires, in turn, can create their 
own thunderstorms—heat from intense wildfires 
causes humid air to rise rapidly into the atmo-
sphere, producing pyrocumulus clouds (Stewart 
et al., 2019). In some conditions, lightning activity 
in pyrocumulus clouds can lead to new fire igni-
tions (Kochtubajda et al., 2017). 

2.3.2 Precipitation 

Precipitation can occur as liquid, ice, or a combi-
nation of the two when temperatures are near 0°C 
(Mekis et al., 2020; Stewart et al., 2015). We use 
total precipitation (the sum of all liquid and solid 
precipitation) extracted from ERA5 reanalysis 
data to compare precipitation across mountain 
regions in Canada. Average annual, summer, and 
winter precipitation data (Fig. 2.7, Fig. 2.8, and 
Table 2.1) for the period 1991–2020 highlight the 
importance of mountain regions as ‘water towers’ 
(Vivrioli et al., 2007).

The Pacific Maritime region stands out for 
being exceptionally wet, with annual precipita-
tion four times greater than the rest of Canada 
(Table 2.1). The Pacific Maritime ranges are di-
rectly affected by moisture-laden westerly storms 
and atmospheric rivers coming off the Pacific 
Ocean. Atmospheric rivers, which transport warm 
and moist tropical air towards the West Coast in 
narrow bands, can contribute up to one-third 
of the total annual precipitation in coastal Brit-
ish Columbia (Sharma & Dery, 2020). The Arctic 
Cordillera is on the other end of the spectrum, 
characterised by dry conditions (0.32 m annual 
precipitation). The Taiga Cordillera region in 
northwestern Canada is also relatively dry, with 
a mean annual precipitation of 0.62 m. All other 
mountain regions in Canada receive precipitation 
totals that exceed the national average. 

The ERA5 reanalysis data used to derive this 
precipitation climatology will underestimate 
precipitation in the high mountains (Mott et al., 
2018). For instance, measurements from ice cores 
and glacier mass balance studies in the St. Elias 

mountains, Yukon, indicate annual precipitation 
totals of ~2 m at elevations of 2500–3000 m in 
the St. Elias Icefields (Ochwat et al., 2021; Zdano-
wicz et al., 2014), which is an order of magnitude 
higher than the 0.28 m of precipitation received 
at Burwash Landing (806 m) in the adjacent valley 
bottom. Similar decreases in precipitation are ob-
served going west to east across the continental 
divide of the Canadian Rockies (Adhikari & Mar-
shall, 2013). 

Mountain ranges are significant obstacles to 
atmospheric flow. When moist air encounters 
a mountain range it is forced to rise. This leads 
to cooling, condensation, and precipitation in a 
process known as orographic precipitation (Roe, 
2005). Orographic precipitation is heaviest on 
windward sides of mountain ranges, with strong 
vertical gradients of precipitation given the right 
atmospheric conditions (Thériault et al., 2022). 
These gradients do not typically extend to the 
top of a mountain range, however, as the great-
est rates of uplift, condensation, and precipita-
tion tend to occur lower down the mountain. 
Orographic precipitation has been studied in the 
Arctic Cordillera (Fargey et al., 2014; Hanesiak et 
al., 2010), the Montane Cordillera (Liu et al., 2016; 
Milrad et al., 2015; Shea et al., 2004), and the Pa-
cific Maritime (Jarosch et al., 2012; Mo et al., 2019; 
Sharma & Dery, 2020). In lower-elevation ranges, 
the mountains may not produce strong precip-
itation gradients, but they can affect the distri-
bution and phase of precipitation, as shown in 
studies from the Atlantic Maritime and Boreal 
Shield region (Chartrand et al., 2022; Ressler et 
al., 2012). 

While the windward sides of mountain ranges 
receive the highest precipitation totals, lee slopes 
can also experience heavy precipitation events 
associated with orographic forcing. The eastern 
side of the Montane Cordillera, for example, al-
though associated with a drier climate, can ex-
perience frontal storm systems associated with 
easterly winds that lead to heavy precipitation 
and massive flooding (Liu et al., 2016). Convective 
precipitation, due to surface heating which lifts 
air parcels into the atmosphere, can also occur 
over complex terrain (Kirshbaum et al., 2018) and 
can weaken or reverse the standard precipitation 
gradient. For example, the highest amounts of 
precipitation observed in the 2013 Alberta floods 
were associated with convective precipitation at 
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lower elevations (Kochtubajda et al., 2016). This 
convective activity was embedded in a three-day 
cyclonic storm (19–21 June 2013) during which 
more than 200 mm of rainfall was reported at lo-
cations on the eastern side of the Canadian Rock-
ies (Pomeroy et al., 2016). Rainfall intensity plays 
a key role in the flooding risks associated with 
mountain precipitation (Weingartner et al., 2003), 
particularly in steep mountain creeks. 

Atmospheric and meteorological factors that 
determine the phase of precipitation (rain, snow, 
or other) vary across mountain regions in Canada 
(Harder & Pomeroy, 2014; Poirier et al., 2019). 
The freezing level broadly describes the eleva-
tion where rain turns to snow. In atmospheric 
river events, shifts in the freezing level can deter-
mine whether flooding occurs or not (Newton et 
al., 2019). For example, in the atmospheric river 
event and flooding in southern British Columbia 
in November 2021, freezing levels were as high as 
2000 m (Gillett et al., 2022). Anomalously warm 
conditions were also a factor during the June 
2013 Alberta flooding, as precipitation fell as rain 
to elevations of up to 2500 m during the first two 
days of this storm event. Progressive cooling as 
the storm went on caused rain to change to snow 
at higher elevations, preventing an even more 
severe flooding event (Pomeroy et al., 2016). Rain-
on-snow events can contribute to rapid snowmelt 
and downstream floods. Most of the melt during 
such events is due to the advection of warm and 
moist air over the snow surface, as opposed to 
melt energy in the rain itself (Sec. 2.4.1). Rain-on-
snow events are common in the Pacific Maritime 
mountains, the Montane Cordillera, and eastern 
Canada (Cohen et al., 2015; Suriano, 2022), and are 
becoming more common in northern Canada. As 
described by Brandy Mayes of the Kwanlin Dün 
First Nation, precipitation regimes in mountain 
regions are being affected by climatic changes 
that include ocean warming (LC 2.7). 

2.3.3 Mountain wind systems 

Mountains modify large-scale atmospheric flows 
and create wind systems specific to mountain en-
vironments. For Indigenous people in the Arctic, 
winds affect all types of travel, and can be a sig-
nificant safety consideration (Ford et al., 2019). 
Mountains of the Canadian Arctic Archipelago 
influence the wind patterns at some of the low- 
lying Arctic communities such as Iqaluit and Cape 
Dorset in Nunavut (Nawri & Stewart, 2008) and 
favour the occurrence of blizzards (Hanesiak et 
al., 2010). Cold air flows known as katabatic winds 
commonly descend off the large ice caps in the 
Arctic Cordillera due to high pressures created 
by cold, dense air that develops in the plateau re-
gions of these ice caps (Gardner et al., 2009). This 
air flows downslope and can have a considerable 
fetch, building to strong and persistent off-glacier 
winds.

Similar winds are generated by the large ice-
fields of western Canada (Stenntng et al., 1981; 
Shea & Moore, 2010; Ayala et al., 2015). The pro-
cess is particularly strong in summer months, 
when the surrounding terrain and air heat up 
but the glacier surface does not warm beyond the 
melting point, 0°C. This creates a strong thermal 
and pressure gradient. The contrast of heating 
and cooling between the Rockies and the Prai-
ries can also create atmospheric circulations 
between the mountain and the adjacent plains 
(Thyer, 1981). The interaction between large-
scale, regional, and local wind systems can create 
complex atmospheric circulation patterns in the 
surroundings of large glaciers such as the Colum-
bia Icefield in the Rockies (Conway et al., 2021). 
Katabatic winds also drive local cooling that sup-
presses the development of soil and vegetation in 
glacier forefields. 

The complex topography of mountains pres-
ents many corridors that modify and channelize 
low-level winds. Strong winds due to wind chan-
nelling in mountain valleys can generate waves 
on valley lakes, affecting chemical and biologi-
cal processes (e.g., Quesnel Lake in the Montane 
Cordillera; Thompson et al., 2020). Wind chan-
nelling also occurs in the St. Lawrence Valley, 
the Laurentian Mountains, and the Adirondack 
Mountains in the United States (Carrera et al., 
2009). In winter, this channelling can produce a 
layer of cold air close to the surface, increasing 

Brandy Mayes, Kwanlin Dün First Nation, 2022, LC 2.7
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the occurrence and intensity of freezing rain 
events such as the 1998 Ice Storm (Roebber & 
Gyakum, 2003) that occurred in and around the 
St. Lawrence Valley.

In the Coast Mountains of British Columbia 
(Pacific Maritime), winds are channelized in the 
deep valleys, fjords, and inlets that connect the 
interior of British Columbia to the coast (Bakri et 
al., 2017a; Jackson & Steyn, 1994). Depending on 
the gradient of pressure across the Coast Moun-
tains, these winds can be inflows, with air moving 
from the coast to the interior, or outflows, with 
air moving from interior to the coast. Outflows 
are mainly observed during the winter when 
cold, high-pressure air masses sit over the inte-
rior east of the Coast Mountains. Combined with 

the warmer air at lower pressure found along the 
coast, it creates a pressure gradient that pushes 
the cold air through the valleys, fjords, and inlets. 
Large wind speeds (above 80 km h-¹) and asso-
ciated extreme wind chill (below -30°C) can be 
observed during outflow events (Jackson, 1996). 

The Squamish winds are common winter 
outflows in the Howe Sound region of British 
Columbia (Pacific Maritime), named after the 
Skwxwú7mesh (Squamish) First Nation of the 
region. Pressure gradients across the mountain 
passes of Vancouver Island create the Qualicum 
wind, an outflow that creates strong westerly 
winds and potentially dangerous sailing condi-
tions in the Strait of Georgia on the eastern side 
of Vancouver Island (Bakri et al., 2017b). 

CHINOOK WINDS

The most well-known mountain wind in Canada is 
the Chinook: a strong, warm, and dry westerly wind 
that descends the lee slopes of the Canadian Rocky 
Mountains in southern and central Alberta (Nkemdi-
rim, 1996, 1997). Chinook winds on the eastern side 
of the Montane Cordillera are linked to orographic 
precipitation (Sec. 2.2.2) on the windward side. Warm 
and moist Pacific air that is forced to ascend the west-
ern side of the mountains cools, condenses, and loses 
moisture through precipitation. This adds latent heat 
to the air mass. As this drier air traverses the conti-
nental divide and descends on the eastern slopes, the 
descending air pressurises and warms faster than it 
cooled on the upslope side, which leads to warm winds 
at the surface. The phenomenon is associated with a 
wide band of clouds parallel to the mountains, known 
as the Chinook arch. The arch demarcates the precipi-
tation bands over the mountains which help to fuel the 
Chinook. Many of the strongest Chinooks are associ-
ated with intense low pressure systems off the coast of 
British Columbia or the US Pacific Northwest, which 
can produce high winds and draw warm, moisture- 
laden air from the subtropical Pacific (also known as 
‘Pineapple Express’ systems or atmospheric rivers). 

Chinook winds occur all year around but are par-
ticularly noticeable in winter when they can lead to 
strong increases in near-surface air temperature (up 
to 25°C in less than a day) and high wind speeds in 
southern Alberta (Nkemdirim, 1991). In November 
2011, successive Chinook wind-storms with gust wind 

speeds reaching more than 140 km h⁻¹ led to mas-
sive damage in southern Alberta (Hugenholtz, 2013). 
On average, Chinooks occur about 50 days per win-
ter (Nkemdirim, 1997) and the associated high tem-
peratures and wind speeds can quickly remove large 
amounts of snow due to melt and sublimation (Sec. 
2.3.1) (Golding, 1978; Macdonald et al., 2018). 
The term Chinook originates from the Lower Colum-
bia River area, where the Chinookan nations experi-
enced similar weather (Ballou, 1893; Costello, 1895). 
Commonly, Indigenous terminologies used in Western 
language are spatially disconnected from their ori-
gins. In the case of the Chinook, the local Indigenous 
term for this wind is masta ganutha in Nakoda¹ and 
si’kssópoistsi in Siksika (Frantz & Russell, 2017). 

Daily (or diurnal) wind systems are also widely 
found in mountains in Canada at different scales. 
These wind systems are driven by heating and cool-
ing cycles in the lower atmospheric layers. Slope wind 
systems can develop along the side walls of valleys, 
such as in the Kananaskis valley in Alberta (MacHat-
tie, 1968). Slope winds are upslope in daytime when 
the sun warms the exposed slopes and the heated air 
rises above them. On the contrary, during nighttime, 
the cooled air near the surface flows downslope and 
collects in the valleys. Valley winds flowing along the 
valley axis are another manifestation of diurnal wind 
systems in mountains in Canada (Sakiyama, 1990).

1 https://dictionary.stoneynakoda.org/#/E/chinook
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2.3.4 Gaps and challenges

Our understanding of mountain weather and cli-
mate is incomplete due to limited availability or 
inclusion of Indigenous knowledges within our 
assessment and a systematic lack of station obser-
vations. Ground-based observations of mountain 
weather are crucial for short-term weather fore-
casting, long-term climate assessment, and to 
improve our understanding of the complex inter-
actions between mountains and the atmosphere. 
The density of active meteorological and hydro-
logical stations varies across Canada (Fig.  2.11), 
with very few stations established at high ele-
vations. The Montane Cordillera has more than 
6 stations per 10,000 km² (Table 2.2), while high- 
latitude mountain regions show a very low den-
sity of stations (0.1 stations per 10 000 km² in the 
Eastern Subarctic). 

Active stations used to forecast weather and 
streamflow belong to a range of federal, provin-
cial, territorial, and municipal networks, and may 
have been deployed only recently. These active 
stations are not necessarily suitable for climate 
change assessments that require long-term and 
consistent meteorological data (Mekis & Vincent, 
2011; Vincent et al., 2012). Consequently, the 
number of stations available for climate change 
assessments drops significantly across the coun-
try (Fig. 2.12) and for all mountain regions in 
Canada (Table 2.2). Only the Montane Cordillera 
has more than 1 station per 10,000 km² that can be 

used for climate assessment. The Pacific Maritime 
and Taiga Cordillera regions only have climate sta-
tions in nearby valleys and coastal areas. This lack 
of in-situ data makes climate change assessments 
a challenge for Canadian mountain regions.

Precipitation measurements, including amounts, 
intensity, and phase, are one of the greatest chal-
lenges in understanding and characterising the 
climate of mountainous regions (Lund quist et al., 
2019). Most stations that measure precipitation 
are located in valleys, at lower elevations, where 
less precipitation generally occurs. At higher and 
colder elevations, precipitation measurements 
are challenged by winds (Kochendorfer et al., 
2022) and snowfalls that cover gauges (Rasmus-
sen et al., 2012). Local processes such as wind 
redistribution of snowfall (Mott et al., 2018) are 
not captured by typical measurement networks. 

Low precipitation amounts also present a chal-
lenge to both measurement networks and models 
(Schirmer & Jamieson, 2015). This is the case in 
the Arctic, where light snow (known as diamond 
dust) can fall continuously but at a rate that is 
too low to be measured by standard all-weather 
gauges. A combination of ground instruments, 
new technologies such as hotplate precipitation 
gauges (Rasmussen et al., 2011; Thériault et al., 
2021), and space-borne remote sensing is essen-
tial to map precipitation. However, satellite mea-
surements of weather and climate conditions 
in mountainous terrain are limited by spatial 
resolution, repeat frequency, and the presence 

Table 2.2: Number and density of stations measuring precipitation and/or temperature for the main CMA mountain 
regions. The information is provided for active stations that were used in the ECCC operational systems for weather 
and hydrological forecasting (Carrera et al., 2015; Fortin et al., 2018) between 1 January–31 May 2022 and for 
climatological stations from the Adjusted and Homogenized Canadian Climate Data (Mekis & Vincent, 2011; Vincent 
et al., 2012). The density represents the number of stations per 10,000 km².

Regions Number (density) of Number (density) of 
 active stations climatological stations

Arctic Cordillera –* 3 (0.1)
Atlantic Maritime and Boreal Shield 64 (3.3) 3 (0.2)
Boreal Cordillera 31 (0.6) 18 (0.4)
Interior Hills 17 (1.4) 3 (0.2)
Montane Cordillera 330 (6.4) 57 (1.1)
Pacific Maritime 37 (2.4) 0 (0.0)
Eastern Subarctic 1 (0.1) 1 (0.1)
Taiga Cordillera 6 (0.2) 0 (0.0)

* Not covered by the two ECCC operational forecast systems considered in this section. 
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of clouds. New satellite missions aim to address 
the issue of low precipitation in the Arctic by de-
ploying a far-infrared sensor sensitive enough to 
measure Arctic clouds and precipitation (Libois & 
Blanchet, 2017), and existing satellites are being 
used to map snow depths (Lievens et al., 2019).

As with precipitation and temperature, a full 
characterization of wind patterns across moun-
tain regions in Canada remains a challenge due to 
a lack of observations. Atmospheric models have 
been used to simulate complex wind flows in the 
Bow River Valley (Vionnet et al., 2015) and snow 

redistribution in the Montane Cordillera (Vion-
net, Marsh et al., 2021). In both studies, the models 
were tested with observations from a dense net-
work of meteorological stations deployed to cover 
a large range of elevation from valley bottom to 
alpine crests (Fang et al., 2019). The complexities 
of wind modelling make it difficult to provide ac-
curate estimates of wind resources in the context 
of wind farm developments (Pinard et al., 2009) 
and accurate simulations of the mountain snow 
cover affected by wind-induced snow redistribu-
tion. These challenges are due to a still-limited 
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Figure 2.11: Active stations reporting precipitation and/or temperature that were used in the Environment and Climate 
Change Canada (ECCC) operational systems for weather and hydrological forecasting (Carrera et al., 2015; Fortin et 
al., 2018) between 1 January–31 May 2022. Inset histogram shows the elevation of these stations. Note that Nunavut, 
north of 70°N, is not covered by the two ECCC forecast systems considered in this section. 
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understanding of the complex multi-scale flows 
in mountainous terrain (Aksamit & Pomeroy, 
2018a; Helgason & Pomeroy, 2012). 

2.4 Snow, Ice, and Permafrost

Mountain regions in Canada are home to deep 
and prolonged winter snowpacks, glaciers, and 
permafrost (ground that remains below 0°C for at 
least two consecutive years). Elevation, proximity 
to oceans, and latitude determine winter snow 
accumulations and persistence: high-elevation 
snow that does not melt in the summer even-
tually becomes compressed into glacier ice and 
flows downhill. Mountain glaciers are both key 

indicators of ongoing climate change and cen-
tral figures in Indigenous oral knowledge sys-
tems (Cruikshank, 2001). The cryosphere figures 
prominently in the stories of the Tlingit and 
Champagne-Aishihik First Nations of the Boreal 
Cordillera (Cruikshank, 2007), and glacier-fed 
rivers in the Pacific Maritime region are home to 
the eulachon, a cultural keystone species for the 
Nuxalk Nation. While we have divided this sec-
tion into snow, glaciers, and permafrost, this di-
vision may seem arbitrary to an Indigenous point 
of view. For example, given the life cycle of gla-
ciers, where would we include the consciousness 
attributed to glaciers by Indigenous Peoples in 
Yukon (Cruikshank, 2005)? 
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Figure 2.12: Long-term climatological stations reporting precipitation and/or temperature from the Adjusted and 
Homogenized Canadian Climate Data. Data from Mekis & Vincent, 2011; Vincent et al., 2012.
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Our assessment of mountain snow, ice, and per-
mafrost (all part of the cryosphere) flows from the 
preceding assessment of mountain meteorology. 
However, we acknowledge that it is not possible to 
summarise all Indigenous knowledge of the cryo-
sphere, given the way knowledge is transmitted 
and the broad diversity of Indigenous cultures 
and knowledge systems related to the mountain 
regions of Canada. 

2.4.1 Mountain snow

Seasonal snow is a defining characteristic of our 
mountain regions and the rivers they feed (Im-
merzeel et al., 2020), and streamflows across much 
of Canada are dominated by seasonal snow melt. 
As a critical water resource (Dyer, 2008; Hamlet 
& Lettenmaier, 1999; Woo & Thorne, 2003, 2006), 
snow also has a wide range of ecosystem functions 
(Callaghan et al., 2011; Rand et al., 2006), regional 
climate impacts (Chapin et al., 2005; Pulliainen et 
al., 2020; Zhang, 2005), and socio-economic value 
(Sturm et al., 2017). For First Nations, Métis, and 
Inuit communities, snow can also be an essen-
tial material used to construct shelters (Furgal & 
Seguin, 2006), a predictor of animal behaviours 
(Turner & Clifton, 2009), a facilitator of winter 
transportation (Routledge, 2020), and an indica-
tor of changing seasons (Turner et al., 2000). 

While snow typically blankets Canadian moun-
tain regions for much of the year (Mudryk et 
al., 2018), the actual amount of water stored in 
mountain snowpacks is a deceptively challeng-
ing question to answer. Snow can be measured 
directly at point locations through ground obser-
vations or through remote sensing observations 
from satellites or aircraft (both piloted and re-
motely piloted). Given the enormous spatial 
scales of mountain regions in Canada, snowpacks 
are also frequently modelled with inputs from 
regional climate networks or weather models 
(Largeron et al., 2020; Marsh et al., 2020; Wrzesien 
et al., 2018). Each approach—whether it is ground 
observations, remote sensing, or modelling—has 
its own unique challenges and limitations. 

We focus here on snow accumulation and melt 
processes in mountain environments, discuss the 
ways that snow is measured or modelled, and 
examine what is known about the current distri-
bution of snow, and how snowpacks are changing 
in Canadian mountain regions.

Snow accumulation
Snow can be measured in terms of its area, depth, 
density, and mass (also expressed as snow water 
equivalence, SWE). SWE is a function of snow 
depth and density, and it represents the amount 
of water stored in the snowpack, which is what 
matters for water managers, flood forecasters, 
and hydrologists (Sec. 2.5). Snow depths can be 
highly variable, and particularly so in moun-
tain environments, due to complex terrain and 
weather patterns (Sec. 2.3). Snow density is gen-
erally less variable. Fresh snowfall has a lower 
density than a deep snowpack, and high- and 
low-elevation snowpacks in the same region can 
have very different densities depending on storm 
characteristics and the progression of the spring 
melt season. 

Snowfall totals are governed by temperature 
and precipitation, which are ultimately a func-
tion of elevation, latitude, prevailing winds, and 
topography. In mountain environments snow can 
occur at temperatures well above 0°C (Kienzle, 
2008), and orographic precipitation associated 
with mid-latitude or Arctic storm systems can 
bring solid precipitation to mountain systems in 
Canada year-round. 

Snow accumulation on the ground varies with 
land cover and local wind patterns: forests can in-
tercept up to 60% of the snow that falls, increase 
the spatial variability of snow on the ground, and 
decrease the amount of snow available for melt 
(Lv & Pomeroy, 2020; Pomeroy et al., 2007; Var-
hola et al., 2010). How much a forest affects snow 
accumulation depends largely on the forest type. 
In alpine environments, wind redistribution of 
snow is another critical process (Winstral et al., 
2002) that produces complex snow distribution 
patterns that reflect the prevailing winds and the 
topography (Essery et al., 1999). Snow redistri-
bution by wind enhances losses of snow directly 
back to the atmosphere through sublimation (see 
below), but also leads to the formation of pe-
rennial snow patches or aniuvat (Inuktitut) that 
persist through the summer months and are fun-
damental to the creation of alpine micro-habitats 
visited and used by a wide variety of mammals, 
birds, and insects (Rosvold, 2016). Archaeological 
evidence gathered from the margins of melting 
snow and ice patches in the southern Yukon, on 
or adjacent to the territories of Carcross-Tagish, 
Champagne and Aishihik, Kluane, and Kwanlin 
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Dun First Nations, indicate that snow patches 
were specialised hunting grounds for caribou, 
and feature prominently in the the traditions of 
all four First Nations (Farnell et al., 2004; Hare et 
al., 2004; Strand, 2003). 

Avalanches also redistribute snow from high 
elevation (and low melt rate) regions to low ele-
vation (and high melt rate) regions (Strasser et al., 
2018), creating areas of extreme snow depth at the 
base of steep slopes (Bernhardt & Schulz, 2010). 
Avalanches occur in steep terrain where there is 
sufficient snow loading, and wind-transport of 
snow is often a key factor in avalanche formation 
(Bernhardt & Schulz, 2010). There can be tremen-
dous human and economic costs of avalanches 
(Stethem et al., 2003) and they represent a sig-
nificant hazard for winter recreation (e.g., ski 
touring, ice climbing) in mountain areas. 

Ablation
The removal of snow from the landscape occurs 
through either melt (solid to liquid) or subli-
mation (solid to gas). Together, the processes of 
melt and sublimation are known as ablation. Our 
current scientific understanding of snow and ice 
ablation processes in Canadian mountain envi-
ronments depends almost entirely on a handful 
of ground-based observations that are limited in 
both space and time (Table 2.3). Long-term and 
comprehensive observational networks in the 
mountains are exceedingly rare, with the Cana-
dian Rockies Hydrological Observatory1 a notable 
exception. 

Ablation occurs when there is surplus energy 
at the snow or ice surface, and it is driven by the 
energy exchange between a snow/ice surface and 
its environment (Anderson, 1968). While sublima-
tion can occur at any temperature, melt does not 
occur until the temperature of the snow/ice sur-
face is raised to 0°C. Air temperatures can be used 
as a simple metric for snow and ice melt (Shea et 
al., 2009), but process-based studies use a surface 
energy balance approach which defines all the 
possible energy gains and losses from a volume 
of snow or ice. 

Accounting for each energy component indi-
vidually allows researchers to study what drives 

1 https://research-groups.usask.ca/hydrology/science/
research-facilities/crho.php#Data 

melt in different environments, and to develop 
models that can be transferred to (and from) other 
regions. Shortwave radiation—the energy re-
ceived from sun—has been identified as the main 
source of melt energy at Montane Cordillera sites 
in western Canada (Burles & Boon, 2011; Ebrahimi 
& Marshall, 2016; Marshall, 2014; Munro, 1991) 
and in the St. Elias Mountains (Wheeler & Flow-
ers, 2011; Ochwat et al., 2021). Full energy balance 
studies in other Canadian mountain regions are 
largely absent. However, low-elevation Arctic 
and sub-Arctic studies (Ohmura, 1982) point to 
the balance between longwave (thermal) energy 
lost from the surface and gained from the atmo-
sphere as a major component of the energy bal-
ance (Lackner et al., 2022). A warmer atmosphere 
increases the amount of longwave received at the 
surface. 

Shortwave radiation changes with latitude, day 
of year, clouds, slope angle, and wildfire smoke 
(Aubry-Wake et al., 2022), but also with eleva-
tion: more energy reaches the surface at higher 
elevations due to the thinner atmosphere above 
(Saunders et al., 1997). And the net amount of 
shortwave energy at the surface is highly depen-
dent on the reflectivity (or albedo) of the surface. 
Snowpacks with darker surfaces due to wildfires 
(Aubry-Wake et al., 2022), mineral dust, pollu-
tion, or snow algae (Engstrom et al., 2022) absorb 
more solar energy, and a reduced snow cover in 
Arctic and alpine regions due to ongoing climate 
warming may lead to an albedo feedback effect 
(Déry & Brown, 2007). Recent work has shown a 
strong connection between glacier albedo, snow-
line elevation, and wildfire across western North 
America (Marshall & Miller, 2020; Williamson & 
Menounos, 2021). Significant advances in snow 
energy balance and hydrology have been made 
in the Prairie regions of Canada, with many of 
the principles directly transferable to mountain 
regions (Debeer & Pomeroy, 2017; Pomeroy & 
Essery, 1999; Pomeroy & Li, 2000). 

Blowing snow entrains small snow particles 
into the atmosphere where they can quickly 
sublimate, so dry, windy environments that are 
typical of alpine or polar regions promote subli-
mation (Essery et al., 1999). Wintertime sublima-
tion losses can range from 1% to 30–40% of total 
winter-time precipitation, but it is highly vari-
able between studies (Mott et al., 2018a). In the 
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Boreal Cordillera in the Yukon, Marsh et al. (2019) 
found annual sublimation losses between 6 and 
14%, while Pomeroy & Li (2000) reported losses of 
22%, and Macdonald et al. (2009) reported losses 
between 19–81%. Snow losses due to sublimation 
in Arctic and sub-Arctic mountain environments 
(Arctic Cordillera, Taiga Cordillera, Interior Hills 
North) may be lower, as extreme cold tempera-
tures limit sublimation (Ohmura, 1982). 

Snowfall intercepted by forest canopies is 
susceptible to even greater rates of sublimation 

losses (Pomeroy et al., 2012). In the Okanagan 
basin, greater rates of sublimation were observed 
at higher elevations, where the winds are stron-
ger, temperatures are colder, and there is less 
vapour pressure in the atmosphere (Jackson & 
Prowse, 2009). Forest composition, age, and dis-
turbances such wildfire, logging, or pests alter 
the surface energy balance and affect both snow 
melt and snow accumulation patterns (Boon, 
2012; Burles & Boon, 2011; Pomeroy et al., 2012; 
Winkler et al., 2014). Maximum SWE decreased 

Table 2.3: Long-term snow and ice research sites within mountain regions of Canada.

Site Region¹ Latitude (°N) Longitude (°W) Elevation (m) Notes / References

Wolf Creek, YT
(1992–present)

BC/TC 61.52 135.52 660–2080 snow hydrology, energy balance, 
meteorology, permafrost (Janowicz et 
al., 2004; Rasouli et al., 2019)

Marmot Creek, AB
(1962–1986; 
2004–present)

MC 50.95 115.15 1600–2825 snow hydrology, snow energy balance, 
meteorology (Fang et al., 2019; Munn 
& Storr, 1967)

Conrad Glacier, BC
(2015–present)

MC 50.81 116.92 1825–3235 glacier mass balance, energy balance, 
alpine permafrost, glacier dynamics 
(Pelto et al., 2019)

Fortress Mountain, AB
(2013–present)

MC 50.83 115.21 2000–2300 snow accumulation and energy 
balance, hydrology, groundwater, 
RPAS (Schirmer & Pomeroy, 2020) 

Place Glacier, BC
(1965–present)

PM 50.43 122.60 1850–2550 glacier mass balance, meteorology, 
hydrology (Moore & Demuth, 2001)

Peyto Glacier, AB
(1965–present)

MC 51.67 116.53 2150–3150 glacier mass balance, meteorology, 
hydrology (Demuth et al., 2006; 
Pradhananga et al., 2021)

Haig Glacier, AB
(2000–present)

MC 50.72 115.30 2450–2800 glacier mass balance, meteorology, 
ice dynamics (Marshall & Miller, 2020)

Axel Heiberg Glacier,  
NU (1962–present)

AC 79.50 90.84 80–1782 glacier mass balance, meteorology 
(Thomson et al., 2017) 

Foret Montmorency, QC AMBS 47.32 71.15 600–1000 snow accumulation, snow melt, energy 
balance, snow chemistry (Plamondon 
et al., 1984)

Trapridge Glacier, YT
(1969–2019)

TC 61.23 140.23 2250–2800 glacier dynamics, subglacial hydrology 
(Frappe & Clarke, 2007)

Rogers Pass, BC
(1965–present)

MC 51.28 117.51 800–2800 meteorology, avalanche (Bellaire 
et al., 2016)

1 Regions: BC = Boreal Cordillera; TC = Taiga Cordillera; MC = Montane Cordillera; PM = Pacific Maritime; AMBS = Atlantic Maritime and 
Boreal Shield; AC = Arctic Cordillera
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up to 25% in pine-beetle defoliated stands in the 
Montane Cordillera (Winkler et al., 2015), and 
modelling experiments showed that snowpacks 
in the Montane Cordillera are highly sensitive 
to reductions in snow albedo following wildfires 
(Qian et al., 2009). 

Rain-on-snow events can produce significant 
streamflow responses due to: warm rain advect-
ing energy to the surface of the snowpack and 
infiltrating into the snowpack; the refreezing of 
this infiltrated water which releases latent heat; 
and large sensible and latent heat fluxes from the 
warm, humid air above the snow pack. Often the 
advected energy flux is small (Marks et al., 1998) 
and the turbulent heat fluxes to the snowcover are 
the dominant contributors to rain-on-snow melt 
events (Marks et al., 1998; Pomeroy et al., 2016). 
Pomeroy et al. (2016) identified that a late-spring 
and early-summer event in the Montane Cordil-
lera had a greater ground heat-flux energy input 
than typical mid-winter events (e.g., Marks et al., 
1998). In the Pacific Maritime and western Mon-
tane Cordillera, Trubilowicz and Moore (2017) 
found that large rain-on-snow events associated 
with atmospheric rivers can also include signifi-
cant amounts of snow-melt runoff, contributing 
to flooding. A rain-on-snow event in the eastern 
Canadian Rockies contributed to one of the most 
expensive natural disasters in Canadian history at 
the time (June 2013 Bow River flood) (Pomeroy et 
al., 2016). This complex flooding event combined 
intense precipitation from active convective 
systems and enhanced runoff generation from 
snowmelt and rainfall runoff at higher elevations 
(Vionnet et al., 2020).

Continuous monitoring and detailed snow and 
ice energy balance studies across a range of eleva-
tions, land cover types, and mountain regions will 
improve our understanding of mountain snow-
packs, and how they will respond in the future. 
Complex interactions between climate change, 
extreme heat events, and wildfire darkening of 
mountain snowpacks and glaciers also require 
further research.

Ground observations of snow
Direct observations of snow depth and snow mass 
are made by manual or automated methods (Kinar 
& Pomeroy, 2015). Snow depth is measured man-
ually with simple snow rulers or automatically 

with acoustic or laser ranging sensors. Snow mass 
is measured automatically with snow pillows that 
record the weight of the overlying snowpack, or 
special sensors that measure the attenuation of 
cosmic (from the sky) or gamma (from the earth) 
radiation due to snow mass. Historically, snow 
mass has been measured manually and at regular 
intervals during accumulation and melt seasons 
with snow sampling tubes. Snow density is mea-
sured manually with calibrated snow sampling 
tubes or snow density pits, but it can also be cal-
culated from automated measurements of snow 
depth and snow mass. 

In mountain regions worldwide, direct obser-
vations of snow are sparse and biased towards 
lower elevation, lower latitude, and more acces-
sible sites (Brown et al., 2021; DeBeer et al., 2021; 
Vionnet et al., 2021). Between 1 January and 
31  May 2019, the total number of SWE observa-
tion sites in Canada was 1193. Of these 1193 sites, 
1053 were manual snow course measurements, 
and 98 were automated snow pillows (Fig. 2.13). 
Snow measurement sites are concentrated in the 
southern populated regions of Canada with the 
majority located in Ontario and British Columbia. 
Manual and continuous snow monitoring sites in 
western Canada range in elevation between 500–
2500 m, but manual observations in Ontario and 
Quebec are typically found below 750 m. There 
are no manual or automated snow measurements 
in the Torngats and no automated measurements 
in the Taiga Cordillera or Boreal Cordillera. Very 
few snow observations are made in the Arctic 
Cordillera. Citizen science efforts such as the 
Community Snow Observations project (Crum-
ley et al., 2021) offer the potential for knowledge 
co-creation with recreational users and Indig-
enous communities in the mountain regions of 
Canada to help fill the gap in our measurement 
network. 

Direct measurements of snowfall volumes can 
be made using weighing precipitation gauges, 
but these gauges typically undercatch snowfall 
amounts as wind blows snow across the top of the 
weighing gauge (Goodison, 1978; Rasmussen et al., 
2012). Ground-penetrating radar (GPR) has been 
used to measure snow accumulation on Arctic 
glaciers (Sylvestre et al., 2013), but the technique 
has limited applicability for shallow snowpacks or 
forested areas.  
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Figure 2.13: Manual (blue) and automated (orange) snow water equivalent measurement locations in Canada, that 
were active between 1 January–31 May 2021. Data from Vionnet et al., 2021.

Table 2.4: Number and density of snow monitoring sites in the main CMA mountain regions. The information is 
provided for stations that were active between 1 January–31 May 2021 and for climatological stations that have 
reported data for at least 30 years. The density represents the number of stations per 10,000 km².

Regions Number (density) of Number (density) of  
 active stations  climatological stations

Arctic Cordillera 0 (0.0) 0 (0.0)
Atlantic Maritime and Boreal Shield 23 (1.2) 8 (0.4)
Boreal Cordillera 57 (1.2) 50 (1.0)
Interior Hills 24 (1.9) 14 (1.1)
Montane Cordillera 245 (4.8) 231 (4.5)
Pacific Maritime 39 (2.5) 37 (2.4)
Eastern Subarctic 0 (0.0) 1 (0.1)
Taiga Cordillera 17 (0.5) 14 (0.4)
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Figure 2.14: Manual (blue) and automated (orange) snow water equivalent (SWE) measurement locations that have 
reported data for at least 30 years. Data from Vionnet et al., 2021.
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Remote sensing of snow
Snow is highly reflective (Warren, 1982), and this 
property allows snow-covered area to be reli-
ably measured through satellite remote sensing 
(Rango, 1993; Rango, 1996). Persistent cloudiness 
in mountain environments (Sec. 2.3) and missing 
northern coverage through the polar winter pres-
ent major obstacles to space-based observations 
of snow cover (Hall et al., 2002). 

Until recently, there has been a tradeoff be-
tween satellite repeat intervals and spatial reso-
lution: MODIS satellites have a spatial resolution 
of 250 m and acquire imagery daily over the entire 
planet, while higher spatial resolution satellites 
such as Landsat (30 m, Dozier, 1989) or Sentinel 
(20 m, Drusch et al., 2012) have repeat intervals 
on the order of 5–16 days. Snow monitoring from 
space is challenged by the substantial cloud cover 
in mountainous regions that often masks the 
snow surface (Gascoin et al., 2015). The high spa-
tial variability of mountain snowpacks (Blöschl, 
1999) also poses a challenge for coarse-resolution 
remote sensing platforms (Bormann et al., 2018), 
but recent increases in both spatial resolution and 
temporal frequency of lower-cost ‘constellations’ 
of satellites provides an avenue for detailed snow 
cover studies in mountain regions (Cannistra et 
al., 2021). However, there is currently no publicly 
available high-resolution snow cover product for 
mountain regions in Canada. 

Remote sensing of snow depth with high pre-
cision and resolution is also possible through the 
use of (a) overlapping aerial photos and photo-
grammetry or (b) Light Detection and Ranging 
(LiDAR) laser scanners. Both technologies can be 
used from either piloted or remotely piloted air-
craft, and snow depth studies from space are now 
feasible (Largeron et al., 2020). In these studies, a 
snow-free elevation map is first generated from a 
summer acquisition. By subtracting the snow-free 
elevation map from an elevation map created in 
winter, the snow depth can be mapped with high 
precision (Dozier et al., 2016). The snow density 
required to calculate SWE from remotely sensed 
snow depths can be obtained through coincident 
manual snow surveys (Brown et al., 2019), calcu-
lated from automated observations of snow depth 
and SWE, or modelled. 

Snow depth surveys using LiDAR or photo-
grammetry have been conducted in the Montane 

Cordillera (Cartwright et al., 2021; Harder et al., 
2020; Hopkinson et al., 2012; Mortezapour et al., 
2020; Vionnet et al., 2021) and LiDAR is currently 
being used by water managers in some munici-
palities in the Pacific Maritime region (e.g., Floyd 
et al., 2020). Initial comparisons of LiDAR snow 
depths against ground observations in the Co-
lumbia Basin (Montane Cordillera) suggest that 
LiDAR may underestimate snow depths by 12% 
(Menounos et al., 2020). However, there are no 
published LiDAR snow depth surveys from other 
mountain regions, likely due to the cost of LiDAR 
scanners and aircraft time, and the challenges of 
conducting remotely piloted aircraft surveys in 
winter. 

Satellite-based synthetic aperture radar (SAR) 
has been used to detect the presence of liquid 
water in snowpacks (Baghdadi et al., 1997), and 
recent improvements in spatial and temporal 
resolution have made it practical for mountain 
regions (Darychuk et al., 2022). There have been 
several attempts to use SAR to map SWE in moun-
tain regions, with varying degrees of success 
(Bernier et al., 2002; Dozier et al., 2016). Reliable 
satellite-based observations of snow depth, SWE, 
and liquid water content across all of the moun-
tain regions in Canada would be invaluable for a 
wide range of applications that include hydro-
electric power generation, flood forecasting, and 
seasonal wildfire forecasting. 

Modelling of snow
Models of snow accumulation and melt, combined 
with ground-based observations and remote 
sensing can be used to estimate snow pack devel-
opment—and disappearance—across large, un-
monitored regions (Mudryk et al., 2015; Vionnet 
et al., 2021; Wrzesien et al., 2018). These models 
are limited by the availability and quality of 
input data, and in many cases by their resolution: 
snow depths are incredibly varied across moun-
tain landscapes, and high-resolution models that 
cover large areas can be computationally expen-
sive. Coarse resolution models can underestimate 
SWE in alpine regions (Wrzesien et al., 2018).

A snowpack model that incorporates ground 
observations and remote sensing information to 
estimate peak SWE (Fig. 2.15) shows the greatest 
snowpack volumes in Pacific Maritime and Mon-
tane Cordillera regions, which corresponds with 
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the high precipitation rates in these mountain 
regions (Sec. 2.3). However, this likely underes-
timates snow accumulation in the mountains 
as the ground resolution and model structure 
cannot capture mountain-specific processes of 
snow accumulation and redistribution (e.g., Sec. 
2.3.6). Substantial progress in modelling snow 
in the complex terrain of western Canada (www.
snowcast.ca) has been made with the next gener-
ation of hydrological models (Marsh et al., 2019, 
2020). Combined with ground-based and satellite 
validation (Wayand et al., 2018), these models 
will advance our knowledge of current snow vol-
umes and distribution, and how these might be 
expected to change in the future. 

2.4.2 Mountain glaciers

In western and northern mountain regions, gla-
ciers are a defining characteristic of mountain 
landscapes, and they have been meeting points 
for Indigenous and Western academic knowl-
edge systems since the late 18th century (Cruik-
shank, 2005). For many Indigenous Peoples in 
these regions, glaciers figure prominently in oral 
traditions as sentient beings that “... listen, pay 
attention, and respond to human behaviour” 
(Cruikshank, 2001). In the case of the Cham-
pagne and Aishihik First Nations, the glaciers in 
Tatshenshini-Alsek Park provide a direct con-
nection to the past when one of their ancestors, 
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Figure 2.15: Modelled mean maximum snow water equivalent (SWE), 1981–2016. Data from Mudryk et al., 2015.
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Kwäday Dän Ts’ìnchi, was found beside a glacier 
by hunters in 1999. Colloquially known as Can-
ada’s Iceman, Kwäday Dän Ts’ìnchi succumbed 
to hypothermia while travelling from the coast 
into higher elevation regions inland (Beattie et 
al., 2000; Hebda et al., 2017; Holden, 1999). The 
location where Kwäday Dän Ts’ìnchi was found, 
and the approximate time he lived (1450–1700 
CE) provide important context for environmen-
tal and glacier change in the region (Cruikshank, 
2005). 

In the Montane Cordillera, the area covered by 
glaciers has reduced by over 25% from the maxi-
mum area that occurred in the Little Ice Age (LIA) 
in the 1850s (Luckman, 2000). There has been 
no systematic study of glacier area and volume 
declines since the LIA in any other mountain re-
gions in Canada. The existence of glaciers, and 
their current distribution, depend on sufficiently 
cold temperatures, high quantities of snowfall, or 
some combination of the two (Shea et al., 2004). 
Wind redistribution and topographic shading can 
lead to the persistence of snow and ice year-round 
in regions that are otherwise unfavourable to 
the existence of glaciers (Debeer & Sharp, 2009). 
Glaciers across Canada come in a wide range of 
shapes and sizes: from endless Arctic icefields to 
long valley glaciers to small cirque glaciers that 
hide in the shadows of high mountain peaks. De-
caying valley glaciers that are covered by debris, 
and rock glaciers related to slow downslope 
movements of buried frozen ground, are also 
characteristic in the mountain regions of Canada 
(Bevington & Menounos, 2022; Charbonneau & 
Smith, 2018; Evans, 1993; Luckman & Crockett, 
1978). 

Glaciers are typically measured by their area, 
their volume, and whether they are gaining or 
losing mass. Satellites offer relatively reliable 
methods for measuring glacier extents and areas 
(Bolch et al., 2009; Pfeffer et al., 2014; Sidjak, 1999) 
and how glacier areas have changed in the past 
(Chapter 5). According to the satellite-derived 
Randolph Glacier Inventory (RGI) there are over 
33,600 glaciers in Canada, with a total area of ap-
proximately 204,000 km² (Table 2.5) (Pfeffer et 
al., 2014). For this assessment, we have grouped 
individual RGI glaciers into the CMA mountain 
regions and calculated their statistics. The larg-
est concentrations of glacier ice are found in 
the Arctic Cordillera (11,740 glaciers with a total 

area of 145,000 km²), the Pacific Maritime (10,129 
glaciers with a total area of 34,559 km²) and the 
Boreal Cordillera (4150 glaciers with a total area 
of 18,385 km²). There are approximately 6244 gla-
ciers with a total area of 5891 km² in the Montane 
Cordillera. 

Glacier depth and volume can be measured di-
rectly with custom-designed ice radar systems 
or with low-frequency ground penetrating radar 
(Adhikari & Marshall, 2013; Pelto et al., 2020), 
though the logistics make it challenging to do 
so over large glaciers. Instead, glacier depth and 
volume are often modelled (Clarke et al., 2015) 
or approximated based on glacier area (Radić 
& Hock, 2010). Glacier mass and volume change 
can be measured on the ground (the glaciologi-
cal approach) using a network of accumulation 
measurements at the end of winter and snow 
and ice ablation measurements at the end of 
summer (Beedle et al., 2014; Østrem & Brugman, 
1993; Young & Ommanney, 1984). In recent years 
however, the geodetic approach, where changes 
in glacier surface elevations are calculated be-
tween two points in time, and then converted to 
a volume and mass change, have become prom-
inent. Recent Canadian studies have derived 
surface elevations from topographic maps (Ten-
nant & Menounos, 2013), air photo interpretation 
(Schiefer et al., 2007), LiDAR measurements (Pelto 
et al., 2019), and spaceborne radar and satellite 
imagery (Menounos et al., 2019). Most recently, 
elevation changes between 2000 and 2019 were 
calculated for all glaciers outside the Greenland 
and Antarctic ice sheets (Hugonnet et al., 2021), 
and this data has been used to compute average 
mass changes for glaciers in the CMA regions 
(Chapter 5). 

Each year, a glacier will gain or lose mass (or 
remain the same) depending on the dominant 
weather conditions (Shea & Marshall, 2007). In 
years when glaciers lose mass, summers are typ-
ically warmer and drier, and winters have lower 
than average snow accumulation (or both). In 
years of mass gain, the opposite would be true. A 
wide range of glacier mass balance models have 
been applied in the Montane Cordillera and Pa-
cific Maritime regions (Anslow et al., 2008; Clarke 
et al., 2015; Marshall et al., 2011; Munro, 1991; 
Shea et al., 2009), with relatively little work in 
the Boreal Cordillera (Wheler et al., 2014) and the 
Arctic Cordillera (Gardner et al., 2011; Sharp et al., 
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Figure 2.16: Median glacier elevations derived from the Randolph Glacier Inventory (Pfeffer et al., 2014). Each point 
represents an individual glacier. 

Table 2.5: Glacier counts, total glacier area, and median glacier elevation for mountain regions in Canada, extracted 
from the Randolph Glacier inventory (Pfeffer et al., 2014) and the regional average surface elevation change rate from 
2000–2019 (Hugonnet et al., 2021).

Region Glacier count Total glacier Median glacier Average Rate of Glacier  
  area (km²)  elevation (m)  Mass Change (m w.e./yr)

Arctic Cordillera 11,740 145,617 908 -0.41 +/- 0.29
Atlantic Maritime 0 0 – –
Boreal Cordillera 4150 18,385 1957 -0.45 +/- 0.37
Interior Hills Central 0 0 – –
Interior Hills North 7 112 536 -0.48 +/- 0.36
Interior Hills West 0 0 – –
Montane Cordillera 6244 5891 2314 -0.44 +/- 0.34
Pacific Maritime 10,129 34,559 1763 -0.38 +/- 0.34 
Eastern Subarctic 103 20 813 -0.56 +/- 0.46 
Taiga Cordillera 1234 656 1987 -0.36 +/- 0.38
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2011). Recent modelling work is focused largely 
on projecting future glacier change and stream-
flow response (Naz et al., 2014; . 

The climatic setting of a glacier can be inferred 
from its median elevation (Fig. 2.16, Table 2.5). 
Glaciers in warmer and wetter climates, such as 
the Pacific Maritime, have lower median eleva-
tions than their continental counterparts in the 
Montane Cordillera. Glaciers at higher latitude 
settings (Arctic Cordillera, Boreal Cordillera, and 
Taiga Cordillera) exist at much lower elevations 
due to the colder climate, shorter melt season, 
and reduced shortwave radiation. The median 
glacier elevation is closely related to the long-
term equilibrium line altitude (ELA), which varies 
between regions. The annual ELA shifts up and 
down each year in response to the glacier mass 
balance and is often approximated as the eleva-
tion of the transient snowline at the end of the 
summer melt season. Observational studies of 
glacier ELAs have been conducted in western 
Canada (Jiskoot et al., 2009; Schiefer & Menounos, 
2010; Shea et al., 2013; Tennant et al., 2012), the 
Torngat Mountains of the Eastern Subarctic (Way 
et al., 2014), and the Arctic Cordillera (Miller et 
al., 1975, 2013). 

2.4.3 Mountain permafrost

Nearly half of Canada is underlain by permafrost, 
and a significant proportion of this is in moun-
tainous terrain (Gruber et al., 2015). Permafrost is 
hidden beneath a surface layer (the active layer) 
that undergoes seasonal freezing and thawing. 
As a subsurface phenomenon, permafrost cannot 
easily be observed remotely, and its distribution 
and change are less understood than for glaciers 
or snow. The presence and character of permafrost 
influence local hydrology (Sec. 2.4), ecosystems, 
infrastructure, as well as greenhouse gas emis-
sions (Hock et al., 2019). Mountain permafrost 
thaw has been linked to large mass movement 
events (Deline et al., 2021; Gruber & Haeberli, 
2007) in the mountains of western Canada (Chiarle 
et al., 2021; Cloutier et al., 2016; Friele et al., 2020; 
Geertsema et al., 2006) and nearby Alaska (Coe et 
al., 2018; Huggel et al., 2008).

The presence and character of permafrost is 
related to the interacting effects of climate, topog-
raphy and ground conditions such as subsurface 
materials, vegetation, and snow depth (Davesne 

et al., 2017; Gruber et al., 2015; Hasler et al., 2015; 
Péwé & Brown, 1973). Even though air tempera-
ture conventionally decreases with increasing 
elevation, wintertime inversions (Bonnaventure 
& Lewkowicz, 2013; O’Neill et al., 2015) and cold-
air drainage and pooling can cause permafrost to 
exist in valley bottoms while adjacent slopes are 
warmer and permafrost free. These effects are 
especially strong in continental and polar envi-
ronments and have been described in the Taiga 
Cordillera (Burn, 1994) and the Arctic Cordillera 
(Smith & Bonnaventure, 2017). In mountains, 
glaciers and alpine permafrost are often found 
in proximity. In wetter areas, glaciers would be 
expected to dominate the landscape, whereas in 
drier areas, permafrost will dominate (Haeberli & 
Burn, 2002). Rock glaciers are visible indicators of 
permafrost (Haeberli et al., 2006) and have been 
used to infer its presence in regions of Canada 
(Charbonneau & Smith, 2018), the United States 
(Janke, 2005), and other mountain ranges (Boeckli 
et al., 2012; Schmid et al., 2015).

Borehole temperature measurements are used 
to confirm the existence of permafrost. Only a few 
such studies from mountain regions in Canada 
exist: in the Boreal Cordillera (Bonnaventure & 
Lewkowicz, 2011; Lewkowicz & Ednie, 2004), the 
Montane Cordillera (Hall et al., 2001; Harris, 2001; 
Harris, 1997), and the Atlantic Maritime (Allard 
& Fortier, 1990; Davesne et al., 2017; Gray et al., 
2017). The Global Terrestrial Network for Perma-
frost (GTN-P, as of 9 December 2022) identifies just 
over 50 borehole temperature measurement sites 
in these mountain regions, with most located in 
valleys and in Yukon (Taiga Cordillera). Only 10 
of these are deeper than 10 m, and no data from 
these sites are available on GTN-P. 

The simulation of permafrost in mountains is 
challenging because the steep topography causes 
micrometeorology, snow redistribution, ground 
materials, and temperatures to vary over short 
distances. Models have been used to estimate 
the distribution and likelihood of permafrost in 
mountains in Canada (Gruber, 2012b; Lewkowicz 
& Bonnaventure, 2008; Obu et al., 2019), but not 
to simulate permafrost depth, temperature, or 
future permafrost changes in detail. Climate re-
analysis data (Sec. 2.2) has been used to drive 
global permafrost models with mountain com-
ponents over multiple decades (Cao et al., 2019; 
Endrizzi et al., 2014; Fiddes & Gruber, 2014), and it 
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is possible to simulate inversions/cold-air pooling 
(Cao et al., 2017) and to improve the computa-
tional efficiency in simulations with high spatial 
resolution (Fiddes et al., 2015; Fiddes & Gruber, 
2012). However, soil temperatures produced di-
rectly in climate reanalyses are problematic due 
to the coarse spatial resolution and are subject to 
bias (Cao et al., 2020). Overall, even though suit-
able methods exist, permafrost in mountains in 
Canada is not yet represented well in simulation 
studies, and this is an active area of research. 

2.4.4 Gaps and challenges

Inventories and monitoring of both snow and 
glaciers will provide downstream communities 

and water managers with critical information for 
understanding future changes in water supply. 
Improved observational networks for both snow 
accumulation and snow melt, combined with air-
borne and spaceborne observations, are needed 
in all mountain regions to develop and test 
models of wind redistribution of snow, surface 
energy exchange, and interactions between dif-
ferent mountain ecosystems and the cryosphere. 
High-resolution atmospheric and hydrological 
models of mountain snow accumulation, redis-
tribution, and melt could be developed in con-
junction with targeted field campaigns to provide 
the validation data that is needed to evaluate and 
calibrate models, towards operational forecast 
capabilities. 

Permafrost presence

Virtually all
conditions 

Only very
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conditions

0 1000 km

Within
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Outside
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Figure 2.17: Permafrost distribution in Canada. Data from Gruber, 2012. 



MOUNTAIN ENVIRONMENTS 65

Ground-based monitoring of mountain snow-
packs, glaciers, and permafrost conditions is 
logistically challenging, but critical. These ob-
servations should be supplemented with routine 
annual airborne or satellite-based observations 
with a systematic approach to monitoring surface 
changes as a function of altitude, and expanded 
to unmonitored regions. For glacier change, such 
studies should include a range of glacier sizes to 
evaluate the sensitivity of glaciers to future cli-
mate change. A detailed inventory of LIA glacier 
volumes and extents, as well as the timing of 
maximum extent could be used to test models of 
historical glacier mass balance and dynamics to 
improve future projections. 

Five needs for permafrost research and devel-
opment in mountain regions across Canada were 
identified in a 2014 workshop (Gruber et al., 2015). 
These needs include: (1) to understand processes 
and phenomena related to ground temperatures, 
ground ice, effects on water and rock-slope sta-
bility, and the interaction with vegetation in 
mountains; (2) to develop simulation capabilities 
that would support site assessment and hazard 
analysis; (3) long-term monitoring of permafrost 
and related phenomena to inform stakeholders, 
understand ongoing changes, and to develop and 
test models; (4) complementary baseline data 
to support permafrost research, such as high- 
elevation meteorological stations and snow ob-
servations; (5) communication and integration of 
research results in planning and decision-making. 
Though mountain permafrost can be highly vari-
able, knowledge gained from polar permafrost 
studies can be applied as the governing physical 
principles are the same and many insights and 
tools may be transferred. Indigenous knowl-
edges of mountain permafrost and permafrost 
thaw (e.g., CMA Learning Circle, Day 2) provides 
insights into the need for and benefits of more 
holistic knowledge co-creation approaches (Latu-
lippe & Klenk, 2020; Wright et al., 2022). 

2.5 Water

Mountains are the source of much of the world’s 
freshwater resources (Viviroli et al., 2007), as 
they receive more precipitation than adjacent 
lowlands, experience less evapotranspiration, 
and can store water as snow and ice for short and 
long-term release. Mountain meltwater produces 

dry-season runoff and prolongs water availability 
downstream, which is why mountains are some-
times referred to as the world’s water towers 
(Immerzeel et al., 2020). Many of the largest rivers 
in Canada have their headwaters in mountain 
regions and provide important water resources 
downstream. The South Saskatchewan River 
Basin exemplifies the role of mountains in water 
supply: 75% of the South Saskatchewan River flow 
as it crosses the Prairies is sourced from mountain 
sub-basins (Toth et al., 2009). CMA Learning Circle 
participant Hayden Melting Tallow of the Siksika 
Nation, Blackfoot Confederacy, identified the 
continuum between snow, ice, and streamflow on 
the eastern slopes of the Canadian Rockies: “And 
where does the water come from? It comes from 
the glaciers, melting it comes water. And what do 
the glaciers form from? It’s the clouds, it rains 
and it comes down as rain or snow. And where do 
the clouds get the water from? It comes from the 
ocean. So there’s a continuum there” (LC 2.8).

The vast majority of research on mountain 
water systems and generation has focused on 
the Montane Cordillera and Pacific Maritime 
Mountain regions (McDowell & Hanly, 2022). To 
understand how hydrological processes oper-
ate in the mountain regions of Canada, research 
has been centred on the measurement and sim-
ulation of processes like snowmelt, interflow, 
evapotranspiration, and groundwater flow in cold 
mountain regions with complex topography and 
steep slopes. Our understanding of how moun-
tain groundwater and surface water systems are 
integrated remains somewhat limited and there 
are very few studies of mountain water systems 
in eastern Canada. As the climate changes, many 
studies are focused on measuring/simulating 
past and future changes to mountain hydrologi-
cal systems in Canada given the potential impact 
on water resources.

Hayden Melting Tallow, Siksika Nation, 
Blackfoot Confederacy, 2022, LC 2.8
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2.5.1 Mountain flow regimes

Seasonal changes in streamflow (the hydrological 
regime) are controlled by water inputs (e.g., rain 
and snowmelt), water losses (e.g., evaporation and 
plant transpiration), and storage changes in soils, 
lakes, wetlands, groundwater, or reservoirs (Woo 
& Thorne, 2003). Mountain hydrological regimes 
in Canada can be grouped according to the main 
driver of flow variation: snow-dominated (nival), 
rain-dominated (pluvial), glacier-dominated (gla-
cial), and hybrid (Fig. 2.18). 

Snow- and glacier-dominated systems have low 
flows during the winter when nearly all precip-
itation falls as snow, and experience peak flows 
in late spring and early summer when the snow 
melts, known as spring freshet (Pike, 2010; Woo 
& Thorne, 2003). Watersheds with significant 
glacier area (e.g., Pacific Maritime and Montane 
Cordillera) see high flows extended later into 
the summer (Déry et al., 2009). As glaciers store 
snow and ice during wet, cool years, and release 
more water in dry, warm years, they act as buffers 
against streamflow variability (Moore et al., 2020; 
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Van Tiel et al., 2021). River systems dominated by 
rain are found at lower elevations and near the 
coasts, including in the Pacific and Atlantic Mar-
itime and Boreal Shield mountain regions. Here, 
streamflow patterns more closely follow precip-
itation patterns, and periodic high flows occur 
during the fall and winter (Déry et al., 2009; Pike, 
2010). Many mountain watersheds, especially at 
larger scales, have hybrid hydrological regimes, 
and are influenced by some combination of rain, 
snow melt, and/or glacier melt. 

Changes in watershed storage will affect the 
annual hydrograph, which illustrates seasonal 
changes in streamflow. The amount of water that 
is stored in a watershed depends on the physical 
characteristics of the catchment area including 
the thickness and texture of soils, geology, abun-
dance, and volume of lakes (Woo & Thorne, 2003). 
River regulation in the form of dams and res-
ervoirs—both human and natural—can reduce 
the peaks in an annual hydrograph and moder-
ate both high and low flows on an annual basis 

(Nazemi et al., 2017). Indigenous knowledge of 
the role of beavers in water storage and ecosys-
tem management has led to their re-introduction 
to mountainous watersheds in Washington State 
(Jordan & Fairfax, 2022; Sherriff, 2021) for water 
regulation. 

2.5.2 Mountain surface hydrological 
processes

The flow in mountain rivers is controlled by 
hydrological processes that occur throughout 
these complex watersheds. Our understanding 
of how these processes work has been developed 
through research in mountains and lowlands 
alike. However, mountains exhibit some unique 
hydrological behaviours owing to their cold tem-
peratures, steep slopes, and soil and vegetation 
patterns. A wide range of studies in the mountain 
regions of Canada have sought to improve our 
understanding of key mountain hydrology pro-
cesses (Fig. 2.19). These processes include: 
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• Interception by vegetation, where precipita-
tion does not reach the ground or is delayed 
(Lv & Pomeroy, 2019, 2020; Williams et al., 
2019)

• Snow redistribution in the form of blow-
ing snow and avalanches, which results in 
uneven snowpack and influences snowmelt 
timing (Aksamit & Pomeroy, 2018a, 2018b, 
2020; Dery et al., 2010; Macdonald et al., 
2009)

• Snowmelt, including the energy fluxes that 
control the rate and spatial variability of 
snowmelt and subsequent contribution 
to streamflow (Braun & Slaymaker, 1981; 
Debeer & Pomeroy, 2017; Dornes et al., 2008; 
Woo & Thorne, 2006)

• Glacier melt, including the energy fluxes 
that drive glacier melt, and the timing/
pathways of streamflow contributions 
from glaciers (Henoch, 1971; Comeau et al., 
2009; Jost et al., 2012; Hirose & Marshall, 
2013; Bash & Marshall, 2014; Marshall, 2014; 
Brahney et al., 2017; Chernos et al., 2020)

• Infiltration of precipitation into the subsur-
face (Barrett & Slaymaker, 1989; Lilbaek & 
Pomeroy, 2007) 

• Runoff/overland flow, where water travels 
along the ground surface during intense 
precipitation/rapid melt or over imper-
meable surfaces (Carey & Quinton, 2005; 
De Vries & Chow, 1978)

• Interflow, the lateral flow of water through 
the shallow subsurface, facilitated by larger 
pores in soil (Chanasyk & Verschuren, 1983; 
Kim et al., 2004)

• Evapotranspiration, the combined evapora-
tion of water from the ground and water 
transpired through vegetation (Brown et  
al., 2014; Langs et al., 2021; Matheussen 
et al., 2000; Wang et al., 2015) 

• Groundwater flow through the saturated 
zone of the subsurface (Campbell et al., 
2021; Foster & Allen, 2015; Hood & Hayashi, 
2015) and the hydrogeology of different 
mountain regions

Below we describe three research themes that 
have advanced our understanding of hydrolog-
ical processes in the mountain watersheds in 
Canada: (1) the role of cold temperatures, (2) the 
importance of complex mountain topography, 

and (3)  peak flow regimes. While these themes 
speak to specific processes related to water in the 
mountains, the overall importance of mountains 
for downstream ecosystems and communities 
was described by Patricia Joe of the Kwanlin Dün 
First Nation, a river People whose wellbeing de-
pends on the mountains upstream (LC 2.9).

The relatively cold temperatures experienced 
in many of the mountain ranges in Canada mean 
that cryosphere phenomena, like snowmelt, gla-
cier melt, frozen soil, and permafrost are import-
ant controls on streamflow generation. Snowmelt 
makes a large, often dominant, contribution to 
mountain streamflow and groundwater recharge 
in nearly all mountain regions in Canada (Camp-
bell & Ryan, 2021; Pomeroy et al., 2012; Woo & 
Thorne, 2006). In glacierized watersheds, glacier 
meltwater helps to sustain late summer stream-
flow after the snowpack has been depleted (Déry 
et al., 2009; Stahl & Moore, 2006). A variety of 
studies have quantified the contribution of gla-
cier melt to streamflow in Alberta and British 
Columbia (Marshall et al., 2011; Bash & Marshall, 
2014; Brahney et al., 2017; Chernos et al., 2020; 
Comeau et al., 2009; Henoch, 1971; Jost et al., 
2012) most frequently using hydrological models. 
For example, approximately 10% of annual river 
flow comes from glacier ice and snow melt in the 
Illecillewaet River, in the unregulated headwaters 
of the Columbia River Basin, BC. In August, when 
snow has been depleted, glacier inputs account 
for 25% of streamflow despite glaciers only cov-
ering 4.9% of the watershed area (Hirose & Mar-
shall, 2013). Permafrost and frozen soils in colder 
catchments act as low-permeability layers which 
limit the infiltration of rain or snowmelt into the 
soil and cause enhanced surface runoff compared 
to warmer catchments (Carey & Quinton, 2005; 
Woo et al., 2008).

Complex mountain topography causes slope, 
aspect, and shading to exert important controls 
on any hydrological process that is influenced 

Patricia Joe, Kwanlin Dün First Nation, 2022, LC 2.9
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directly or indirectly by solar radiation (Marsh 
et al., 2012). In the Northern Hemisphere, 
north-facing slopes receive less solar radiation 
than south-facing slopes, which allows snow and 
frozen soil to persist later into the spring, in-
fluences the types of vegetation, and increases 
the likelihood of permafrost occurrence (Woo 
et al., 2008). This effect is more pronounced at 
higher latitudes. Carey and Woo (2001) found 
that snow disappeared up to two months earlier 
on south-facing slopes in Wolf Creek, Yukon. The 
type and abundance of vegetation was found to 
differ according to slope and aspect—even more 
than elevation—in the Kluane Region of south-
west Yukon (Dearborn & Danby, 2017). Differing 
vegetation on north- and south-facing slopes in 
turn affects evapotranspiration rates, soil mois-
ture and interception patterns (Carey & Woo, 
2001) with cascading influence on streamflow. 
Furthermore, aspect can be an important consid-
eration in how mountain hydrological systems 
respond to perturbation like changes in forest 
cover (Ellis et al., 2011; Pomeroy et al., 2012).

Mountain basins in Canada present unique 
characteristics and risks related to floods. Sev-
eral recent severe flooding events in Canada have 
centred on mountains, including the June 2013 
Alberta and November 2021 southwestern British 
Columbia events that led to widespread flooding 
in both steep mountain creeks and large river 
floodplains. The 2021 heat dome event also led 
to extremely high flows in many mountain river 
systems in western Canada due to rapid snow and 
ice melt (White et al., 2022). Debris flows triggered 
by intense precipitation have been identified 
throughout the Boreal Cordillera, Pacific Mari-
time, and Montane Cordillera (VanDine, 1985). 

While flooding is not unique to mountain re-
gions, mountains receive more precipitation than 
lowlands (Sec. 2.3.2), are subject to atmospheric 
rivers that can drive high flows, particularly in 
the Pacific Maritime mountain region (Sharma 
& Dery, 2020), and have higher slope angles that 
move water rapidly into steep mountain creeks 
(Wohl, 2013). Rain-on-snow events can drive high 
river flows in mountain watersheds where rainfall 
partially melts the snowpack (Loukas et al., 2000; 
Musselman et al., 2018). In southwestern British 
Columbia, rain-on-snow events were found to 
enhance the total runoff of heavy rainfall events 
(> 40 mm) by 25% on average over rainfall alone 

(Trubilowicz & Moore, 2017). Since snowpack and 
air temperatures vary widely with elevation (Sec. 
2.2), the altitude-area distribution of a watershed 
(hypsometry) influences how quickly snowmelt 
happens and therefore the magnitude and timing 
of peak streamflow (Pomeroy et al., 2016; Shea 
et al., 2021). Saturated and frozen soils during 
snowmelt or intense rain limit infiltration into 
the subsurface and further enhance runoff and 
streamflow (Fang & Pomeroy, 2016; Mccartney 
et al., 2006; Pomeroy et al., 2016). Forest distur-
bances such as logging and wildfire affect the 
magnitude of peak flows in mountain river sys-
tems by reducing snowfall interception, allowing 
more snow accumulation, and altering the rate 
of snowmelt runoff (Ellis et al., 2013; Pomeroy et 
al., 2012; Schnorbus & Alila, 2004; Whitaker et al., 
2002; Winkler et al., 2015; Zhang & Wei, 2014).

2.5.3 Mountain lakes and reservoirs

Several thousand alpine and subalpine lakes dot 
mountains across Canada. High-elevation alpine 
lakes of the Montane Cordillera tend to be small 
and nutrient-poor, with low dissolved carbon and 
species diversity (Hauer et al., 1997; Murphy et 
al., 2010). Proglacial lakes and glacier-fed lakes 
are often high in suspended sediment (Leonard, 
1986), which gives these lakes their famous bright 
blue or green appearance. Snowmelt is the main 
water input to small high-elevation lakes which 
can be fully flushed in a matter of days during 
the snowmelt period (Hauer et al., 1997). Later in 
the year, groundwater can play an important role 
in the water balance of alpine lakes (Hood et al., 
2006; Roy & Hayashi, 2008). Fish stocking in some 
high-elevation lakes previously barren of fish 
has caused nutrient levels to increase (Schindler, 
2000). Larger valley bottom lakes of the Montane 
Cordillera are often deep (> 100 m), with reten-
tion times of 3–5 years (Hauer et al., 1997). A large 
survey of 560 lakes in coastal British Columbia 
(Pacific Maritime Mountain region) showed that 
evaporation accounts for a median of 9.6% of lake 
losses and that lake geochemistry was partly con-
trolled by geology (Gibson et al., 2018). Bottom 
sediments from both small and large mountain 
lakes serve as indicators of past climatic and eco-
logical variations (see Chapter 5).

Dams and reservoirs are constructed and oper-
ated in many mountain regions for hydroelectric 
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generation, water supply and/or flood control. 
Both natural lakes and reservoirs can have a 
dampening effect on peak flows as they provide 
storage capacity to the watershed (Woo & Thorne, 
2003). The Columbia River basin in Canada and the 
United States has the highest number of dams in 
the world, and those on the Canadian part of the 
river generate about half of British Columbia’s 
hydroelectricity. Viewed through a historical 
lens, the construction of dams and flooding of 
traditional Indigenous territories without proper 
consultation or compensation, as in the case of 
the Williston Reservoir (Fig. 2.20) and Tsek’ehne 
lands and settlements in the Montane Cordillera, 
is highly problematic (Sims, 2010). 

Dams alter the hydrological regime by storing 
water during times of high flow and releasing it 
during times of low flow, which results in a less 

variable annual hydrograph (Nazemi et al., 2017). 
On a daily basis, flows downstream of hydroelec-
tric dams are affected by electricity demand (Rood 
et al., 1999). For example, the snow-dominated 
mountain headwaters of the Peace River saw lower 
peak flows and higher winter discharge after the 
construction of a major hydroelectric facility in 
1968 (Peters & Prowse, 2001). Mountains in the 
Atlantic Maritime and Boreal Shield regions also 
host many hydroelectric dams, and studies here 
have shown that dam operation style also deter-
mines the impact on flows (Delisle, 2021; Landry 
et al., 2014). Dams that are operated as “run-of-
the-river” dams aim to limit large changes in 
storage and therefore upstream and downstream 
flow patterns remain similar. Run-of-the-river 
dams also do not require large reservoirs and are 
now common throughout Canada (Olofsson et 

Figure 2.20: The “Plug” at the north end of the Finlay Reach of the Williston Lake Reservoir where the Finlay River 
enters. Caused by strong south winds, the “Plug” completely blocks the river with logs created by the formation of the 
reservoir in 1968 (Yunker, 2022), until north winds unpack it. Photo courtesy of Daniel Sims, 2012.  
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al., 2022). Dams have environmental, economic, 
and social impacts beyond hydrological changes 
of mountain rivers. This includes trapping sedi-
ment, impeding fish passage, and risks to water 
quality which are further discussed in Sec. 4.6 and 
Sec. 5.8.

2.5.4 Mountain groundwater

Groundwater (water stored underground in 
the saturated pore spaces of soil and rock) is an 
important source of streamflow in mountain sys-
tems, particularly during low flow conditions, 
making it an important resource in times of 
water stress (Hayashi, 2020). Furthermore, many 
mountain communities across Canada, like Banff 
and Jasper, Alberta, extract groundwater for mu-
nicipal water supply (Anderson & Radic, 2020). 
Groundwater can be recharged by rain (pluvial), 
snowmelt (nival), both (hybrid) and/or from 
rivers, lakes, and wetlands (Allen et al., 2010). 
Groundwater moves slowly compared to surface 
water, so it continues to discharge to moun-
tain streams and rivers when no precipitation is 
falling, and is known as baseflow. Groundwater 
increases the hydrological buffering capacity of 
mountains in a similar way to snow and ice stor-
age, except that groundwater flows year-round 
(Somers & McKenzie, 2020). A baseflow index, 
which can be calculated as the ratio of long-term 
baseflow to total discharge (Beck et al., 2013, 
2015; Smakhtin, 2001), gives an overview of the 
hydrogeologic regions in Canada and groundwa-
ter contributions to streamflow (Fig. 2.21). The 
baseflow index is an approximate measure of the 
amount of groundwater contributed to a stream 
or river over the long term. Western mountain 
regions shown in Fig. 2.21 tend to have a higher 
baseflow index than the adjacent prairies, but 
lower than the Canadian Shield. 

Hydrogeologic studies in the mountain regions 
of Canada highlight the movement of groundwa-
ter through both shallower coarse deposits and 
underlying bedrock aquifers. Talus slopes, mo-
raines, and alluvial deposits have been identified 
as zones of substantial groundwater storage in 
headwater catchments of the Montane Cordillera 
(Christensen et al., 2020; Hood & Hayashi, 2015; 
Kurylyk & Hayashi, 2017; Mcclymont et al., 2010; 
Roy & Hayashi, 2009; Szmigielski et al., 2018). 

The coarse sediments of proglacial moraines, for 
example, were found to be a key store of ground-
water in a small alpine headwater catchment 
in Yoho National Park, BC. Annual fluctuations 
in groundwater storage are much smaller than 
annual snowpack storage but are an important 
source of discharge during low flow periods in 
autumn and winter (Hood & Hayashi, 2015).

Groundwater also flows through bedrock aqui-
fers, and geology is an important control on 
bedrock groundwater flow (Campbell et al., 2021; 
Campbell & Ryan, 2021; Smerdon et al., 2009; Spen-
cer et al., 2021; Welch et al., 2012). Watersheds with 
more permeable/fractured bedrock in the Rocky 
and Columbia Mountains (Montane Cordillera) 
were found to have higher winter base flows than 
those with low-permeability bedrock (Paznekas & 
Hayashi, 2016). In the Okanagan region of British 
Columbia, groundwater recharge to bedrock was 
estimated at 27% of annual precipitation and ap-
proximately 2% of annual precipitation flowed 
out of the catchment through bedrock (Voeckler 
et al., 2014). A recent study of the Elbow River, AB, 
indicated that water residence time ranged from 
<5–10 years and that bedrock groundwater aqui-
fers with high storage capacity and transmission 
rates may contribute 60% of annual streamflow 
(Campbell et al., 2021). 

Groundwater outflow from mountain water-
sheds can contribute to groundwater resources 
downstream from the mountains themselves, in 
what is known as mountain block recharge. One 
study in the Pacific Maritime region estimated 
that 45% of a coastal aquifer recharge (used for mu-
nicipal water supply) came from mountain block 
recharge (Doyle et al., 2015). Deep groundwater 
circulation does occur in the mountain regions 
of Canada, often associated with hot springs 
and highly deformed rock (Grasby & Lepitzki, 
2002; Van Everdingen, 1991). Circulation depths 
of up to 3.8 km below ground surface have been 
estimated based on water chemistry, but deep cir-
culation is rare relative to flow through shallow 
fractured bedrock (Grasby et al., 2016; Grasby & 
Lepitzki, 2002; Yonge & Lowe, 2017). Groundwater 
pollution in mountain environments (Chapter 5) 
can be an incredibly difficult problem to solve, 
given the relatively slow rates of groundwater 
transmission and connectivity of groundwater 
and surface water systems (Winter, 1995). 
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While understanding of mountain groundwa-
ter in Canada has grown considerably in recent 
decades, observation wells are still lacking in 
mountains, particularly below 1–2 m depth, due 
to the difficulty in access and expense of drill-
ing. The vast majority of mountain groundwater 
research in Canada is focused on the Montane 
Cordillera, and hydrogeological conditions in 
other Canadian mountain regions may be much 
different. Studies also tend to be local, with lim-
ited research on mountain block or mountain 
front recharge from the Montane Cordillera to the 
Prairies, or in any mountain regions in Canada. 

2.5.5 Mountain wetlands

Wetlands occur in most ecoregions of the world 
and are characterised by a water table that is con-
sistently near the ground surface. The connection 
between mountains and wetlands was noted by 
Pnnal Bernard Jerome of the Micmacs of Gesgape-
giag on Day 2 of the CMA Learning Circle: “We 
gather medicines in the marshes...the marshes 
depend on the water that’s coming from the 
mountains” (LC 2.10). Wetlands provide a wide 
variety of ecosystem services: water quality im-
provement, flood risk mitigation, water retention, 
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Figure 2.21: Map showing the hydrogeological regions of Canada (modified from (Sharpe et al., 2008) and a base-
flow index (BI) that indicates areas of high (BI = 1) and low (BI = 0) groundwater contributions. Baseflow index (Beck et 
al., 2015) from the Global Streamflow Characteristics Dataset (https://www.gloh2o.org/gscd/).
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support for biodiversity, and carbon management 
(Zedler & Kercher, 2005). While the cool tempera-
tures and generally higher annual precipitation 
of high elevation regions favours the formation 
of wetlands and peatlands (Cooper et al., 2012), 
mountain wetlands are usually smaller in area 
than lower elevation wetlands and are confined 
by topography (Chimner et al., 2010). 

Peatlands are a specific type of wetland that 
contribute significantly to the global carbon 
cycle. These ecosystems have effectively accu-
mulated carbon through millennia and have had 
an overall cooling effect on the climate since the 
late Holocene (Frolking & Roulet, 2007; Yu et al., 
2010). Peatlands cover only 3% of land on Earth 
(Gorham, 1991; Yu et al., 2010), and yet they ac-
cumulate more carbon than all other vegetation 
types in the world combined (IUCN, 2021). Small 
changes in the delicate balance between long-
term climatic conditions, short-term weather 
events, ecology, hydrology, and geomorphology 
can cause shifts in the carbon dynamics of these 
ecosystems (Page & Baird, 2016) and can even 
reverse the sign (source or sink) of net carbon 
fluxes. 

Despite their importance, wetlands and peat-
lands in the mountain regions of Canada have 
been largely overlooked in regional studies and 
inventories, possibly due to accessibility for data 
collection, and very little Indigenous knowledge 
of mountain wetlands has been reported. In the 
United States, the Rocky Mountains are home to 
several thousand square kilometres of peatland, 
most of which occur at elevations below 1500 m 
above sea level (Cooper et al., 2012; Morrison et al., 
2014; Warner & Asada, 2006). Mountain regions 
in Canada contain an estimated 13,000 km² of 
peatlands, but this estimate, together with the Ca-
nadian Wetland Inventory, ignores a large portion 
of the Montane Cordillera, as well as the Boreal 

and Taiga Cordilleras (Ducks Unlimited Canada, 
2022; Tarnocai et al., 2011). A recent remote sens-
ing approach to map wetlands performed poorly 
in the Boreal and Taiga Cordilleras due to a lack of 
training data for the model (Mahdianpari et al., 
2020). Ground truthing in these areas, in direct 
partnership with local Indigenous communities, 
would help confirm the presence and charac-
teristics of mountain wetlands. Without proper 
mapping and functional understanding, wetlands 
will be poorly represented in regional and global 
studies. The ecosystem services of mountain wet-
lands and projected changes are further discussed 
in Chapters 4 and 5, respectively. 

2.5.6 Mountain water quality

Water quality can be considered from several 
perspectives that include temperature, sediment, 
and chemistry. Water pollution from human ac-
tivities is addressed separately in Chapter 5. 
Water temperature dynamics have been studied 
in the Montane Cordillera and Pacific Maritime 
Mountain regions where cold-water fish and 
amphibians rely on cooler stream temperatures 
for survival (Friele et al., 2016; Mee et al., 2018). 
Solar radiation dominates the thermal regime of 
mountain streams and lakes (Harrington et al., 
2017; Leach & Moore, 2011; Richards et al., 2012). 
Consequently, reduced shading from forest har-
vesting or wildfires can increase mountain stream 
temperatures (Moore et al., 2005; Wagner et al., 
2014). The albedo of mountain streams is another 
important factor in heat absorption of mountain 
streams, which is influenced by turbidity and aer-
ation (Mcmahon & Moore, 2017). Hydrological 
setting also controls mountain stream tempera-
tures, as groundwater inputs cool streams during 
the summer (Macdonald et al., 2014). For exam-
ple, springs emerging from an inactive rock glacier 
(small lenses of ice covered by seasonally frozen 
rock debris) in a headwater stream in Banff Na-
tional Park were found to cool the peak summer 
stream temperature by 5°C, creating a thermal 
refuge for fish (Harrington et al., 2017). Evapo-
ration from mountain streams also acts to limit 
daily maximum stream temperature in summer 
(Szeitz & Moore, 2020).

Sediment transport is a natural process in 
mountain streams and lakes. Landscape changes 
such as wildfire, forestry, hydropower develop-

Pnnal Bernard Jerome, Micmacs  
of Gesgapegiag, 2022, LC 2.10
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ment and river engineering can impact sediment 
loads, and increased sedimentation affects moun-
tain stream ecosystems (Hedrick et al., 2013). 
Broadly speaking, the per area sediment yields of 
mountain regions in Canada are lower than the 
Prairies, given less erodible materials (Church 
et al., 1999). Periodic events such as flood flows, 
landslides and glacier changes account for large 
amounts of sediment transport in mountain 
systems (Heideman et al., 2018). For example, a 
study of suspended sediment concentrations and 
lake sediment cores in the Green Lake Basin, BC 
(Montane Cordillera) revealed that a summer 
rainstorm in 1991 transported more sediment 
than any other event in the previous 3000 years 
(Menounos et al., 2006). Wildfires in the Montane 
Cordillera region have been observed to increase 
total and peak streamflows (Mahat et al., 2016) 
and increased suspended sediment concentra-
tions (Martens et al., 2019; Silins et al., 2009) and 
nutrient loads (Silins et al., 2014). Although hun-
dreds of stream-gauging stations in Canada have 
some archival sediment data, continuous sedi-
ment data from the Water Survey of Canada is not 
available after the year 2000 (https://wateroffice.
ec.gc.ca/search/sediment_e.html). 

Turbidity refers to the clarity of a body of water 
and the amount of suspended sediment. Turbid-
ity is an important water quality variable that 
relates to a suite of physical, chemical and biolog-
ical processes. Mountain headwaters—with the 
exception of glacially fed streams (H. Slemmons 
et al., 2013)—tend to be relatively clear and tur-
bidity increases downstream with erosion and 
the amalgamation of multiple tributaries (Whit-
field, 1983). Light penetration into stream, river 
or lake waters is limited in high turbidity systems, 
which affects photosynthesis, primary produc-
tion, and the ability of visual predators like fish 
to find their prey. Suspended sediment particles 
are active participants in chemical weathering re-
actions that may, in especially turbid waterways, 
overwhelm biological processes. Depending on 
which minerals are present, turbid systems can 
be sources (Interior Hills North; Zolkos et al., 
2018) or sinks (St. Pierre et al., 2019) of green-
house gases like carbon dioxide. 

Water source and streamflow regime are 
key controls on the water quality in mountain 
rivers. A regional watershed classification across 
the Pacific Maritime region linked topography, 

streamflow regime, and water quality (quantified 
using dissolved organic carbon concentrations, 
(DOC)) to identify 12 major watershed types 
(Gies brecht et al., 2022). Glacierized mountain 
watersheds were associated with the lowest DOC 
concentrations, while the small, lower elevation 
rain-dominated watersheds were recognized as 
DOC hotspots with snow-dominated and more 
continental (e.g., Fraser and Skeena Rivers) 
watersheds exhibiting intermediate DOC concen-
trations. Such differences in water quality likely 
extend to other organic matter-associated nu-
trients, like nitrogen and iron, and largely result 
from differences in climate that control soil accu-
mulation and decomposition rates and the timing 
and intensity of peak flows that control contact 
times between waters and the surrounding soils 
and sediments (Bhatia et al., 2021). A glacial stream 
in the Montane Cordillera also had lower concen-
trations of other solutes, such as calcium, sodium, 
sulphate and chloride than a non-glacial stream 
due to higher specific discharge that limited 
water-rock contact times and solute supply from 
the surrounding soils (Lafreniere & Sharp, 2005). 
In contrast, a study of the Canadian Arctic Archi-
pelago found that runoff from glacierized basins 
was an important source of iron and manganese 
to the ocean (Bhatia et al., 2021). Regional-level 
analyses of water quality and water quality char-
acterizations similar to Giesbrecht et al. (2022) 
are lacking for other mountain regions in Canada. 

2.5.7 Hydrological modelling

In tandem with advances in physical under-
standing of hydrological processes in mountains, 
a large body of research has worked to improve 
how these processes are modelled in mountain 
environments. Hydrological models can cover a 
wide range of complexities, from simple empiri-
cal models, to fully distributed physically based 
models. Hydrological models have been applied 
across different mountain regions in Canada to 
better understand streamflow dynamics (Fang 
et al., 2013; Pomeroy et al., 2016; Voeckler et al., 
2014), forecast flood events (Quick & Pipes, 1977), 
and to simulate streamflow changes related to 
climate change (Kite, 1993; Shrestha et al., 2012; 
Islam et al., 2019; Whitfield et al., 2002) and/or 
land cover change (Ellis et al., 2013; Mahat et al., 
2015; Pomeroy et al., 2012; Springer et al., 2015). 
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Past modelling efforts have established the 
value of breaking mountain basins into smaller 
areas (hydrological units) based on characteris-
tics such as slope, aspect, elevation, soils, vege-
tation (Kite & Kouwen, 1992). For example, in a 
snow-dominated catchment in Wolf Creek, Yukon 
(Taiga Cordillera), snowmelt and streamflow sim-
ulations were improved by dividing the model 
domain into smaller units based on slope and 
aspect (Dornes et al., 2008). The incorporation of 
physically based energy balance equations also 
gives more accurate simulation of cold regions 
processes (Debeer & Pomeroy, 2017) and allows 
for stream temperature modelling which is of im-
portance for ecosystems (Macdonald et al., 2014). 
The cold regions hydrological model (Pomeroy et 
al., 2007) has been applied to several study sites in 
the Montane Cordillera (Debeer & Pomeroy, 2017; 
Ellis et al., 2013; Fang & Pomeroy, 2020; Rasouli et 
al., 2019) and presents a method to use physically 
based hydrological formulations to improve pro-
cess representation in cold regions.

Several challenges remain in simulating moun-
tain hydrological systems in Canada. Despite the 
demonstrated importance of groundwater in 
feeding low flows, relatively few studies have cou-
pled groundwater flow models to surface water 
models (Cochand et al., 2018; Foster & Allen, 
2015; Voeckler et al., 2014), instead relying on a 
simple “bucket” parameterization for ground-
water processes. We therefore do not have a clear 
understanding of how groundwater and surface 
water systems interact at different scales or the 
necessity of including distributed groundwater 
flow in mountain hydrological models. Addition-
ally, uncertainty in meteorological model forcing 
leads to uncertainty in hydrological simulations 
(Thorne & Woo, 2006; Islam & Dery, 2017).

2.5.8 Gaps and challenges

While great progress has been made in char-
acterising mountain water systems in Canada, 
several knowledge gaps remain. First, the vast 
majority of the literature reviewed in this sec-
tion is focused on the Montane Cordillera and 
Pacific Maritime regions. A smaller but substan-
tial body of research has focused on watersheds 
of the Boreal Cordillera in the Yukon. Very little 
research has been done on mountain hydrologi-
cal systems in the Atlantic Maritime and Boreal 

Shield, Taiga Cordillera, and Interior Hills moun-
tain regions. The focus on western Canada is 
not surprising given the size and abundance of 
mountainous terrain and the proximity to large 
population centres and downstream agricultural 
regions. However, this leaves a clear geographic 
knowledge gap where the mountain regions of 
eastern, central, and (to some extent) northern 
Canada have seen little hydrological research. 
Furthermore, mountains play a role in municipal 
water supplies, tourism, and conservation. The 
main water source for Quebec City (population 
of 300,000), for example, is a small mountain lake 
in the Atlantic Maritime and Boreal Shield region 
(Cochand et al., 2018; Ville de Québec, 2022) 

Second, our understanding of mountain sur-
face water and groundwater systems have ad-
vanced largely in parallel, and there remains a 
need to integrate groundwater and surface water 
studies. One challenge is that many mountain 
groundwater studies focus on small headwater 
catchments and are not easily scaled up to wa-
tershed or basin scales. We also lack observation 
wells in mountains, especially those deeper than 
a few metres, providing limited calibration tar-
gets for hydrological models. Hydrogeological 
models are also generally more computationally 
expensive than surface water models, and more 
research is needed to determine the adequacy of 
simplified groundwater flow modules in simulat-
ing low-flows. This may be particularly import-
ant when projecting future low-flow conditions 
under climate change, given the importance of 
groundwater in feeding rivers during dry periods.

Third, while a substantial body of work has 
focused on how mountain water systems are 
changing, there remain several knowledge gaps. 
Again, there is little analysis of how/if mountain 
streamflow is changing outside of the Montane 
and Boreal Cordilleras. There is very little re-
search into how mountain groundwater systems 
are changing anywhere in Canada. In both sur-
face and groundwater studies, trend analysis is 
limited in some cases by short observational re-
cords, which can sometimes be augmented with 
long-term proxy data. Expected future changes in 
mountain water systems and the consequences 
for downstream users and communities are ex-
plored in Chapter 5.

While we acknowledge the wide diversity of 
Indigenous viewpoints and cannot speak to all 
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of them, water frequently emerges as a central 
theme in culture, health, spirituality, and sus-
tainability of Indigenous communities within and 
downstream of mountain regions (Blackstock, 
2001; Sanderson, 2008; Simms et al., 2016). Our 
assessment lacks direct examples of Indigenous 
knowledge with respect to mountain water sys-
tems, and it is clear that greater efforts must be 
made to co-generate knowledge with Indigenous 
and Western scientific viewpoints, with the goal 
of building more holistic approaches to under-
standing mountain water systems (Wilson et al., 
2019).

2.6 Mountain Hazards

The mountain regions of Canada are subject to a 
host of natural hazards, including earthquakes 
and volcanoes, mass movements (landslides, rock-
falls, debris flows, debris floods, and avalanches), 
floods and extreme precipitation events, wildfires 
and heatwaves, and extreme cold temperatures. 
The types and magnitude of risk from specific haz-
ards vary significantly between mountain regions. 
Three components are important to understand-
ing the regional diversity of mountain hazards and 
their impacts. First, mountain regions are tecton-
ically, geomorphically, and hydrologically active 
due to elevation- and aspect-driven variability in 
relief, energy, and moisture, creating the conditions 
for active landscape change. Second, mountain 
regions are socio-culturally diverse, with settle-
ments ranging from small, isolated communities to 
large population centres having distinctive social, 
cultural, economic, and political features that lead 
to differentiated experiences of mountain hazards 
(Chapters 3, 4, and 5). Third, mountains and adja-
cent lowlands are linked by flows of air, water, ma-
terials, wildlife, people, goods, and services (Sec. 
2.8), and these highland-lowland linkages have in-
creased in magnitude and importance in the past 
few decades.

2.6.1 Indigenous perspectives on 
mountain hazards

Recounting her experiences in the Richardson 
Mountains, Wanda Pascal of the Teetl’it Gwich’in 
Nation (a CMA Learning Circle participant) told 
a story of encountering a landslide path to illus-
trate the ways in which natural hazards affect the 

ways people move through the mountains, re-
shaping ancestral trails and the landscape of the 
mountains themselves (LC 2.11).

The “Frank Slide” of 29 April 1903 (Cruden 
& Martin, 2007) was another such event, in 
which ~80 Mt of rock fell from Turtle Mountain 
(Fig.  2.22) on the settler community of Frank, 
despite warnings from the Piikani Nation (Black-
foot Confederacy). Hayden Melting Tallow of the 
Siksika Nation (Blackfoot Confederacy) described 
the event at the CMA Learning Circle:

Piikani people...have been in that area for 
thousands of years, and the Europeans 
came and found some coal in that area....
The Piikani people were warning the people 
there: ‘Don’t live (there), don’t build your 
house (there). Build it farther, because that 
mountain is shaking’ because they knew 
that. They didn’t listen to them (saying): 
‘Oh they’re just savages...’ and stuff like 
that. They didn’t believe in their way of 
thinking and their knowledge and their 
knowing. Then they all settled in that area, 
and one night, the whole thing came down. 
The mountain came down and it buried 
a whole town......Underneath, the town is 
still there, and there are some bodies down 
there too.....So our elders and our stories 
and our tales, they should be an addition to 
predicting what’s going to happen. Those 
Blackfoots knew what was going to happen. 
That’s why it’s really important for us as 

Wanda Pascal,  
Teetl’it Gwich’in, 2022, 

LC 2.11

Hayden Melting Tallow, 
Siksika Nation, Blackfoot 
Confederacy, 2022, LC 2.12
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knowledge keepers to pass on that infor-
mation and the technology that they were 
brought up with for thousands of years—
how to use your sixth sense like the animals. 
They live with the animals and it’s all in bal-
ance. That type of knowledge can be used 
today to predict a lot of things. (LC 2.12)

2.6.2 Hazard types and frequency

Scientific research on the risks and spatial and 
temporal dimensions of natural hazards in moun-
tains in Canada is largely focused on the Montane 
Cordillera and Pacific Maritime Cordillera (Blown 
& Church, 1985; Church & Miles, 1987; Jakob et al., 
2017; VanDine, 1985), and in particular on quan-
tifying and mitigating hazards where they have 
disrupted or otherwise affected railway and pipe-
line corridors, roads, and mining activities (e.g., 
Gartner & Jakob, 2021; Kromer et al., 2015; Macci-
otta et al., 2015). There is also evidence to suggest 
that catastrophic landslides approximately 1000 

years before present disrupted salmon runs on 
the Fraser River, which led to the abandonment 
of Tsilhqot’in settlements in the region (Hayden 
& Ryder, 1991).

Several high magnitude and damaging events 
have been studied extensively, such as the Mount 
Cayley volcanic eruptions (Evans & Brooks, 1991; 
Stasiuk et al., 2003), the Mount Meager and Mount 
Joffre landslides (Bovis & Jakob, 2000; Friele et al., 
2020; Guthrie et al., 2012) on Lil’wat territory in 
southwestern British Columbia, the Frank Slide 
in 1903 on Nakoda/Blackfoot territory, and the 
Bow River watershed floods in 2013 (Whitfield & 
Pomeroy, 2016), which affected a number of terri-
tories in south-central Alberta. Chronic hazards 
along major infrastructure routes or in populated 
areas have also been studied. These include snow 
avalanches in the Rogers Pass area of Glacier Na-
tional Park, BC (Bellaire et al., 2016), debris flows 
along the Sea to Sky Highway 99 north of Van-
couver (Church & Miles, 1987; Clague et al., 2003; 
Hungr et al., 1999), and repeated high magnitude 

Figure 2.22: Turtle Mountain, showing the debris field of the 1903 Frank Slide. The debris from the Frank Slide is the 
white material spread over the valley floor. A new highway and railway have been built across the debris field since 
1903. Photo courtesy of David J.F. Thomas and AlbertaSouthWest.com.
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and damaging floods in the lower Fraser River Valley in 1898, 1948, 
and 2021. 

Intense precipitation (Sec. 2.3.2) combined with steep mountain 
streams and creeks can produce rapid and damaging flood events (Jakob 
et al., 2016), such as the 2021 atmospheric river in southern British Co-
lumbia and the 2013 Bow River floods. Post-colonial development can 
also impact the severity of an event: Semá:th X̱ó:tsa (Sumas Lake), in 
the Fraser Valley, was both a form of natural flood protection and an in-
credibly valuable natural resource for the local Stó:lo people until it was 
drained in the 1920s for agriculture (Dick et al., 2022). In the 2021 floods, 
the lake was reconstituted with floodwaters that brought evacuations 
and large economic losses to farmers and communities that occupied 
the former lake bed (Olsen, 2021), but the event was also viewed by some 
members of the Semá:th First Nation as a sign that “the spirit of X̱ó:tsa 
was alive and well” (Ross et al., 2022). 

Permafrost thaw poses a hazard for infrastructure and remote com-
munities in the Taiga Cordillera and Arctic Cordillera (Arenson & Jakob, 
2015; Ford et al., 2010), and has been linked to slope failures in the Boreal 
Cordillera (Huscroft et al., 2004). Alpine permafrost thaw specifically 
contributes to increased rockslides and slope failures (Clague, 2009) as 
the frozen water found in weathered rock and soils can act as a glue that 
holds unstable slopes together. In the CMA Learning Circle, Gùdia Mary 
Jane Johnson, a Lhu’ààn Mân Dań Elder, spoke of creeks being blocked 
by ‘big hills’ and noted that “you could see where the mountainside had 
come down, and that’s happened in all kinds of areas where I live be-
cause of the melting permafrost” (LC 2.13). 

2.6.3 Gaps and challenges

Mountain hazards have not been systematically studied in most moun-
tain regions of Canada, particularly through an interdisciplinary lens or 
through frameworks of vulnerability, adaptation, or loss and damages. 
There is emerging global attention to early warning systems around 
natural hazards and risks to vulnerable communities, and much of this 
is relevant to natural hazards in the populated mountain regions of 
Canada. Hazard assessment and warning systems require both increased 
surveillance capacity, near real-time monitoring systems, improved 
process-based models of mountain systems, and social science research 
to identify concerns and inform adaptation and mitigation activities 
that minimise vulnerability and risk. In particular, changes in hazard 
frequency and magnitude due to ongoing and future climate change 
(Beniston, 2003) need to be considered with respect to vulnerability as-
sessments and emergency planning at community levels (Pearce, 2003). 

2.7 Ecosystems and Biodiversity

This section assesses the state of knowledge with regards to the ecosys-
tems and biodiversity of mountain environments and includes forests, 
alpine tundra, and alpine streams. According to Keara Lightning of the 
Samson Cree First Nation, the natural world is central to Indigenous 
societies (LC 2.14). It also offers many important gifts to people living 

Gùdia Mary Jane Johnson, 
Lhu’ààn Mân Dań, 2022, LC 2.13

Keara Long Lightning,  
Nehiyaw, Samson Cree First 

Nation, 2022, LC 2.14 

Daniel Sims, Tsay Keh  
Dene First Nation, 2022, LC 2.15
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in and beyond mountain areas, as described in 
Chapter 4. Across latitudinal and elevation gra-
dients, abiotic (non-living) and biotic (living) 
factors that drive patterns of flora and faunal 
diversity are explored. Ongoing changes in moun-
tain ecosystems—particularly, those driven by 
humans—were also recurring themes in the CMA 
Learning Circle. Daniel Sims, Tsay Keh Dene First 
Nation, shared that “[If] we don’t share the proper 
respect to the animals, the animals will get their 
revenge...It could be them disappearing, it could 
also be them just getting their revenge in that 
sense” (LC 2.15). Changes in mountain ecosys-
tems and biodiversity, and the drivers of change, 
are discussed in Chapter 5. 

2.7.1 Terrestrial mountain ecosystems 

Mountains are home to a wide range of ecosys-
tems (Fig. 2.23). This includes snow and ice, lakes 

and rivers, wetlands, forests, and alpine-tundra 
with transition ‘ecotones’ between them. These 
ecosystems, depending on their latitude, eleva-
tion, and proximity to the ocean or large lakes, 
vary significantly in their structure and func-
tion. For example, the above-ground biomass 
and carbon storage is highest in low-elevation 
productive forested ecosystems (Hagedorn et 
al., 2019). Conversely, for below-ground carbon 
storage, the highest values are found in mon-
tane wetland ecosystems where nutrient poor 
conditions and cold temperatures result in low 
rates of organic matter decomposition (Xiao 
et al., 2019). Functional attributes also vary by 
ecosystem type, including differences in habitat 
and resource availability. Species composition, 
one important metric of biodiversity, is strongly 
associated with ecosystem type, and thus the 
distribution of these ecosystems informs biodi-
versity across mountain landscapes. Other ways 

Figure 2.23: The Blakiston Valley in Waterton Lakes (Paahtómahksikimi) National Park and the Traditional Territory 
of Niitsitapii (Blackfoot) and K’tunaxa is home to a diverse range of ecosystems and land cover types. Scars from the 
Kenow wildfire can be seen at the end of the valley. Photo courtesy of Charles Hayes, Mountain Legacy Project. 
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of understanding biodiversity, including cultural 
values, species distributions, and abundance are 
expanded upon in Sec. 2.6.3.

Land cover 
Broadly classified land cover types can be mapped 
over large regions from satellite data. A recently 
published dataset (Hermosilla et al., 2022) that 
builds on a decade of land cover classification 
work (Coops et al., 2020; Gómez et al., 2016; White 
et al., 2014; Wulder et al., 2018) provides annual 
(1985–2019) land cover classifications for regions 
south of the treeline, yielding the ability to track 
land cover changes through time (Chapter 5). 

While mountains are often imagined as rocky, 
snow-covered peaks, the mountain regions of 
Canada included in this satellite-based classifica-
tion are predominantly forested (Fig. 2.24). These 
include coniferous, broadleaf, and mixed wood 
forests. Other land cover classes include herbs, 
shrubs, and bryoids; wetland and wetland-treed; 
and barren, rock, snow/ice, and water. The Boreal 
Cordillera region (Fig. 2.25), for example, contains 

snow, rock, and barren ground at its highest el-
evations, but is defined by extensive coniferous 
forests, shrubs, and wetlands. Broadleaf and 
mixed-wood forests dominate the Interior Hills 
Central region, while coniferous forests are the 
largest component of the Atlantic Maritime and 
Boreal Shield, the Interior Hills West, Montane 
Cordillera, and Pacific Maritime regions. 

Compared to terrestrial land cover types, ice, 
snow, and water cover a small portion of Cana-
dian mountain environments. However, these 
cryo- and hydrological features are crucial for the 
supply of freshwater and support diverse aquatic 
ecosystems. Here, we briefly outline snow and ice, 
and water contributions to the land cover compo-
sition of mountain landscapes in Canada. Changes 
in land cover types are examined in Chapter 5.

Glaciers are an important feature in most of 
the mountain regions in Canada. In the Arctic and 
high elevation regions, such as the Arctic Cor-
dillera, Boreal Cordillera, and Pacific Maritime, 
glaciers cover more than 10,000 km², respectively 
(Table 2.5) but make up a very small proportion of 
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Figure 2.24: Percent total land cover for six CMA major mountain regions in 2019, following the classification of 
Hermosilla et al., 2022. Data from https://opendata.nfis.org/mapserver/nfis-change_eng.html.
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the total land cover. Seasonal snow, on the other 
hand, covers a substantial portion of all mountain 
regions in Canada in winter, and transitions to 
barren and vegetated landscapes in summer. How-
ever, Arctic and alpine landscapes support many 
perennial or semi-permanent snowpacks that 
persist into summer, and adjacent ecosystems are 
adapted to snow cover and colder conditions.

Glaciers and snowfields supply networks of 
lakes, streams, and rivers which transport water, 
nutrients, sediment, and organisms from alpine 
regions to landscapes below (Sec. 2.4). Freshwa-
ter features are found in all mountain systems 
in Canada, though again cover a small fraction 
of mountain landscapes compared to terrestrial 
cover types. Mountain lakes and rivers are fed 
by a mix of glacier and snow melt, groundwater, 

and precipitation, and the relative proportions of 
these differing inputs can alter the biodiversity 
and services supplied by water bodies (Milner et 
al., 2017) .

Ecological gradients
The most pronounced ecological gradient across 
mountain regions occurs with changes in eleva-
tion. The structure and function of ecosystems 
across elevation gradients depends on several 
factors, including aspect, latitude and proxim-
ity to coastal environments. For mountains in 
southern Canada, the low elevation ecosystems 
are predominantly covered by coniferous closed- 
canopy forests, with some exceptions in the At-
lantic Maritime and Boreal Shield region, where 
deciduous species can comprise the majority of 
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Figure 2.25: Classified land cover for the Boreal Cordillera mountain region in 2019, following the classification of 
Hermosilla et al., 2022. 
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the forests (Fig. 2.24). For mountains that extend 
above the elevational limit of trees, tree density 
decreases with elevation, resulting in a more 
open canopy forest as you move up the moun-
tain. The ‘treeline’ is referred to as the upper el-
evation limit of trees growing over 3 m in height 
(Körner, 2012). The upper elevational limit of 
trees is thought to be controlled by climate fac-
tors, whereas lower in elevation, non-climate 
(likely biotic factors) may be more important (Et-
tinger et al., 2011). Species that grow as trees at 
lower elevations often have stunted growth forms 
above the treeline, such as krummholz, which will 
be discussed below. The combined high-elevation 
open canopy forest, treeline, and trees with a 
growth form less than 3 m in height, are referred 
to as the forest-alpine-tundra ecotone. Above the 
forest-alpine-tundra ecotone, the alpine-tundra 
extends towards the mountain top, though the 
distribution of vegetation is often quite variable, 
driven by soil availability and other site charac-
teristics. Northern mountains, such as those in 
the Arctic Cordillera, and parts of the Eastern 
Subarctic and Taiga Cordillera mountain regions, 
are either north of the latitudinal limit of trees 
or north of where closed-canopy forests occur. 
In these northern regions, the dominant woody 
vegetation is deciduous shrub species, including 
dwarf birch, willows, and alders. 

In addition to latitudinal and elevational gra-
dients, aspect can also play an important role 
in mountain ecosystems. North-facing slopes, 
particularly in more northern mountain regions 
(Arctic Cordillera, Taiga Cordillera, Boreal Cor-
dillera) generally have more persistent late-lying 
snow patches which results in a shorter growing 
season but potentially more protection for low- 
lying vegetation from spring frost events. Con-
versely, south-facing slopes have higher levels 
of solar radiation, which, in addition to a longer 
growing season, can increase soil temperature 
and have a deeper active layer (Dearborn & 
Danby, 2017). Aspect influences the position of 
the treeline with, generally, south-facing slopes 
having higher treelines than north-facing slopes, 
and also strongly influences the composition of 
plant communities (Dearborn & Danby, 2017). 

Another important factor that shapes moun-
tain ecosystems lies below the ground. For trees, 
there is a significant body of scholarship that 
demonstrates a hidden mycorrhizal fungal net-

work that allows different tree species (Betula 
papyrifera and Pseudotsuga menziesii) to commu-
nicate and share nutrients (Simard, 2021; Simard 
et al., 1997). This recent holistic approach has 
important implications for understanding how 
mountain ecosystems function and respond to 
disturbance and climate change (Reithmeier & 
Kernaghan, 2013), and it mirrors long-standing 
Indigenous perspectives on the importance of 
holistic monitoring and knowing of associa-
tions among ecosystem components (Jessen et 
al., 2022).

Mountain corridors 
Whether it is in the higher elevation alpine- 
tundra or in the lower elevation forest ecosys-
tems, mountains provide important corridors for 
people and wildlife. Indigenous Peoples, for mil-
lennia, have moved through mountain landscapes 
for a variety of purposes including for trading 
and hunting. In Nunatsiavut and Nunavik (East-
ern Subarctic mountain region), Inuit travelled 
between communities in northern Labrador and 
Kangiqsualujjuaq along the Koroc River, through 
the Torngat Mountains for trade, social, and 
other cultural reasons (Cuerrier et al., 2019). 
Megan Dicker, Inuit, Nunatsiavut, described the 
ongoing importance of mountain paths in north-
ern Labrador for helping people to travel safely 
and reach their homes (LC 2.16). Glaciers in the 
St. Elias range were described as travel corridors 
by Eyak, Athapaskan, and Tlingit groups in the 
region (Cruikshank, 2001). For many wildlife spe-
cies, high- and low-elevation mountain corridors 
in Canada are important for habitat connectivity 
that is needed to satisfy a variety of requirements. 
These corridors can provide seasonal or daily 
access to climates and habitats that offer adap-
tive benefits for thermoregulation and increased 
access and variation of food. Mountain corridors 
are critically important large-scale landscape 

Megan Dicker, Inuit, Nunatsiavut, 2022, LC 2.16 
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connectivity features and are the focus of ongo-
ing conservation efforts (Hilty & Jacob, 2021). 

2.7.2 Landscape management and 
disturbances

Mountain landscapes have been managed and 
stewarded by Indigenous Peoples for millennia 
in a diversity of ways that cannot be fully repre-
sented here. In this section we provide examples of 
landscape management from different mountain 
regions of Canada. Indigenous fire stewardship—
also referred to as ‘cultural’ or ‘good’ fire—has 
been practised by most Indigenous Peoples in the 
mountains of what is now called Canada. The rea-
sons for using fire vary tremendously but include 
clearing of land and enhanced food production 
with the added benefit of limiting catastrophic 
wildfires (Brookes et al., 2021) and enhancing 
overall biodiversity (Hoffman et al., 2021). In the 
Pacific Maritime mountain region, Indigenous 
Peoples used fire to increase resource productiv-
ity and predictability (Turner et al., 2011). In the 
Eastern Subarctic mountain region, fire was also 
used by Inuit in Labrador to manage plant com-
munities and improve soil fertility (Oberndorfer, 
2020). Across Canada, including the mountain 
regions, the use of fire by Indigenous Peoples 
was actively suppressed by colonial policies and 
practices, which can affect the harvest of berries, 
for example (Gottesfeld, 1994). While Indigenous 
fire stewardship continued in some regions, de-
spite colonialism, there has been a resurgence 
of Indigenous communities using fire to manage 
landscapes (Hoffman et al., 2022).

Historically, natural wildfires have played an 
important role in many Canadian mountain re-
gions, especially in the Montane Cordillera and 
the Boreal Cordillera (Amoroso et al., 2011; Cha-
vardes et al., 2018; Van Wagner et al., 2006). In 
some of the mountain regions across Canada, 
there are detailed fire histories, though the ma-
jority are concentrated in the western areas of 
mountains in Canada (Hallett et al., 2003; Harvey 
et al., 2017; Power et al., 2011), with some from 
eastern Canada (Lauzon et al., 2007). A century of 
forest fire suppression policies at provincial and 
federal levels has transformed the overall forest 
structure. A high frequency of fires cleared the 
understory of young trees, resulting in an open 
forest dominated by older, larger trees with thick, 

fire-retardant bark (Naficy et al., 2010). With the 
suppression of fire, forests became denser with 
greatly reduced understory vegetation as little 
light reaches the forest floor (Van Couwenberghe 
et al., 2011). For higher elevation subalpine eco-
systems, fire drives increases in plant diversity, 
though this pattern decreases with elevation 
(Coop et al., 2010). Another important factor in-
fluencing fire in mountain ecosystems is that 
over a century of livestock grazing reduced fine 
fuels, such as grasses and forbs (Keane et al., 
2002), and allowed the establishment of more 
flammable species such as cheatgrass (Bromus 
tectorum; Diamond et al., 2009). From a manage-
ment perspective, the accumulation of wood fuel 
and more flammable species in the understory of 
most forests, combined with warmer, drier sum-
mers related to climate change, has resulted in 
an increased frequency, severity and extent of 
wildfires. The frequency of catastrophic fires is a 
significant concern for many mountain commu-
nities (Hoffman et al., 2022). 

Insect herbivory is also a significant distur-
bance factor in mountain ecosystems across 
Canada. For example, periodic outbreaks of moun-
tain pine beetle in the Montane Cordillera region 
have been documented over the past century 
(Axelson et al., 2018; Taylor & Carroll, 2003) with 
a large-scale outbreak, beginning in the late 1990s 
to 2015, killed more than half of British Colum-
bia’s merchantable pine (Dhar et al., 2016). While 
carbon storage in pine beetle-affected areas is 
recovering (Mcewen et al., 2020), the interaction 
between fire severity and outbreak severity influ-
ences, and complicates, the recovery trajectories 
(Talucci and Krawchuk 2019). In mountain regions 
of eastern Canada, some insect species have out-
breaks in higher elevation open-canopy forests. 
For example, at Mont Mégantic, QC, in the Atlan-
tic Maritime and Boreal Shield mountain region, 
reconstructed insect outbreaks of spruce bud-
worm have been observed every 20–40 years over 
the past century (Filion et al., 1998). In the north-
ern mountain regions, insect herbivory occurs 
more often at non-outbreak levels but is still an 
important factor for understanding ecosystem 
dynamics and the consequences for carbon stor-
age (Silfver et al., 2020). In addition to fire and 
the insect species discussed above, mountain re-
gions are affected by a range of other natural and 
human disturbance factors. 
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2.7.3 Mountain biodiversity 

Many wild species make the mountains their 
home, either exclusively or seasonally, each with 
varying but important levels of ecological and 
cultural significance. Mountains not only sup-
port a richness of wildlife and ecosystems, but 
many of these are rare, rapidly declining, or at 
risk of disappearing in a rapidly changing world. 
Despite the iconic status of many mountain 
ecosystems and species, much of the mountain 
biodiversity in Canada is poorly documented and 
remains to be described. At times public percep-
tion is shaped more by romanticism and/or myth 
than reality.

While we are unable to provide an exhaustive 
list of the biodiversity in each mountain region, 
we explore terrestrial and aquatic mountain eco-
systems, some of the iconic mountain species, 
threatened ecosystems and species, and the need 
to conserve mountain biodiversity. 

Mountain ecosystems
Mountain ecosystems are diverse, and this diver-
sity is often compressed into relatively small areas 
as ecosystems rapidly transition in response to 
changes in altitude. From floodplain forests and 
wetlands along river valleys to high alpine mead-
ows and snow-covered peaks, the high diversity of 
mountain ecosystems can often be witnessed by 
simply looking at the mountain. While the classi-
fication and description of mountain ecosystems 
is incomplete in Canada, each mountain region 
often has distinct altitudinal zones that drive the 
types of the ecosystems that occur:

Valleylands in mountains often include lakes, 
rivers, streams, and wetlands. These range from 
the rocky and barren river valley of the Akshayuk 
Pass in Auyuittuq National Park in the Arctic to 
the rich bottomlands of the Creston Valley, BC. 
Valleylands often have lowland ecosystems not 
found at higher elevations such as Black Cotton-
wood (Populus balsamifera ssp. trichocarpa) riparian 
forests in the Rocky Mountains, and seasonal 
flooding can be an important natural process.

Foothills occur along the base of mountains. In 
the southern mountain regions of Canada, the 
foothills can be a wide forested transition zone 
between valleylands and montane zones. Foot-
hills in the rain shadow of the mountain are often 

grassland or shrubland. In the Rocky Mountains, 
the foothill zone extends along the eastern flank 
of the mountains and is dominated by rolling 
Rough Fescue (Festuca hallii) grasslands.

Montane ecosystems occur on the slope of the 
mountain. There can be high diversity of ecosys-
tems within this zone with warmer temperatures, 
more moisture, and less snow in the lower regions. 
Aspect and wildfire can also play an important 
role in shaping ecosystems in the montane zone. 
Montane ecosystems range from British Colum-
bia’s inland temperate rainforests dominated by 
Western Cedar (Thuja plicata) and Western Hem-
lock (Tsuga heterophylla) to the Trembling Aspen 
(Populus tremuloides) and Balsam Poplar (Popu-
lus balsamifera) forests of the Boreal Cordillera. 
In treeless mountain regions such as the Torn-
gat Mountains in Labrador, the montane zone is 
dominated by alpine heath of Dwarf Huckleberry 
(Vaccinium caespitosum), Mountain Cranberry (Vac- 
cinium vitis-idaea), bearberry (Arctostaphylos uva-
ursi), and Black Crowberry (Empetrum nigrum).

Subalpine ecosystems mark a transition be-
tween the alpine and montane zones. In treed 
environments there is typically a marked differ-
ence in the character and composition of forest 
ecosystems. Wind, cloud and fog cover, and av-
alanches play an increasingly important role in 
ecosystem dynamics in the subalpine zone. In 
the Atlantic Maritimes and Boreal Shield region, 
subalpine communities can include stunted 
Black Spruce (Picea mariana) mixed with heath 
shrubs including Sheep Laurel (Kalmia angusti-
folia), Labrador Tea (Ledum groenlandicum), and 
Alpine Blueberry (Vaccinium uliginosum). In the 
Montane Cordillera, the subalpine zone is often 
characterized by Lodgepole Pine (Pinus contorta), 
Engelmann Spruce (Picea engelmannii), and Subal-
pine Fir (Abies lasiocarpa).

Alpine ecosystems occur at the top of the 
mountain above the treeline (in forested re-
gions). In the Northern Appalachians, such as the 
Chic-Choc Mountains on the Gaspé Peninsula in 
eastern Québec, dominant vegetation includes 
low heath shrubs such as Alpine Blueberry and 
arctic-alpine wildflowers including Lapland Di-
apensia (Diapensia lapponica). In the Boreal and 
Taiga Cordillera, such as the Selwyn Mountains 
along the Yukon-Northwest Territories border, 
alpine vegetation is characterised by of crustose 
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lichens, mountain avens (Dryas spp.), and heath 
shrubs with sedges (Carex spp.) and cottongrasses 
(Eriophorum spp.) associated with wetter sites.

Mountain systems in Canada contain a high 
diversity of other ecosystems. For example, in 
the northernmost mountain ranges in Canada, 
the Arctic Cordillera on Ellesmere and Devon 
Islands, the mountains are largely ice covered, 
with arctic-alpine plants, mosses, and lichens in 
the lowlands. Many mountains such as the Rich-
ardson and Ogilvie Mountains in the Yukon have 
large areas characterised by barren talus slopes 
and steep cliffs.

Threatened mountain ecosystems
Mountain ecosystems across Canada are at risk 
because of industrial forestry, mining, energy de-
velopment, expanding urban and second home 
areas, and recreation. Climate change is also re-
sulting in increased temperatures, extreme heat, 
drought, and extreme winds (Pörtner et al. 2022).

There are more than 120 mountain ecosystems 
documented from Canada that are ranked as glob-
ally imperilled or vulnerable (Table 2.6 (Nature-
Serve Explorer, 2023)). This represents almost 40% 
of all the threatened ecosystems that are currently 
documented in Canada. The International Union 
for the Conservation of Nature (IUCN) lists an ad-
ditional seven mountain ecosystems from Canada 
that are now on the IUCN Red List of Ecosystems, in-
cluding Rocky Mountain Dry Lower Montane and 
Foothill Forest and Rocky Mountain Subalpine 
and High Montane Conifer Forest (Ferrer-Paris 
et al., 2019). Several other ecosystems including 
Northern Rocky Mountain Subalpine Woodland 
and Parkland and Rocky Mountain Aspen Forest 
and Woodland are assessed as Near Threatened 
(Comer et al., 2022).

The number of threatened mountain ecosys-
tems is likely higher. Many ecosystems, partic-
ularly in the north of Canada, have not been 
described and assigned status ranks. Threatened 

Table 2.6: Examples of threatened mountain ecosystems from Canada.

Common Name Mountain Zone NatureServe Rounded 
Global Rank*

Distribution in 
Canada

Sitka Spruce—Bigleaf Maple / Devil’s-club—Salmonberry / 
False Lily-of-the-Valley Forest

Forest and 
Woodland

G1 BC

Limber Pine / Rough Fescue Woodland Foothills G3 AB

Black Cottonwood / Bluejoint Riparian Forest Valleyland G2 AB

Subalpine Fir—White Spruce—(Lodgepole Pine) /  
Splendid Feathermoss Forest

Montane G3 AB, BC, YT

Subalpine Fir—Engelmann Spruce / Rusty Menziesia— 
Grouse Whortleberry Forest

Subalpine G3 AB, BC

Limber Pine Scree Slope Subalpine G3 AB

Eastern Lichen Fell-field Alpine G3 QC

Eight-petal Mountain-avens—Alpine Bistort  
Alpine Dwarf-shrub Meadow

Alpine G3 AB

Parry’s Rush / Creeping Sibbaldia Alpine Snowbed Alpine G3 AB
Northern Appalachian Alpine Tundra Alpine G3 NB, QC

*NatureServe Ranks

Rank Definition

G1 Critically Imperilled—At very high risk of extinction or elimination due to very restricted range, very few populations or occurrences, 
very steep declines, very severe threats, or other factors.

G2 Imperilled—At high risk of extinction or elimination due to restricted range, few populations or occurrences, steep declines, severe 
threats, or other factors.

G3 Vulnerable—At moderate risk of extinction or elimination due to a fairly restricted range, relatively few populations or occurrences, 
recent and widespread declines, threats, or other factors.
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mountain ecosystems range from ecosystems 
that are restricted to small areas of Canada to eco-
systems that once occurred over large areas but 
are threatened because of historical and continu-
ing habitat degradation and loss.

Mountain wildlife
There are thousands of species in Canada that 
inhabit mountain ecosystems ranging from 
alpine plants such Pink Mountain-heather (Phyl-
lodoce empetriformis) to iconic mammals includ-
ing Mountain Caribou (Rangifer tarandus caribou). 
Some species are restricted to mountain habitats, 
while other species inhabit mountains seasonally 
or during migration. Biodiversity, in terms of the 
number of unique species, generally decreases 
with elevation and latitude. However, if land area 
is taken into account (i.e., there is significantly 
less alpine-tundra habitat compared to forest 
habitat, given the conical shape of mountains), 
then mountain biodiversity actually increases 
with elevation (Körner & Spehn, 2019).

Many species of mountain wildlife are re-
stricted to specific mountain zones and eco-
systems. For example, Collared Pika (Ochotona 
collaris) are only found in alpine talus slopes in-
terspersed with small meadows in Yukon and 
neighbouring Alaska. However, many mammals 
and birds have seasonal mountain migrations or 
move between altitudinal zones. Dall Sheep (Ovis 
dalli) spend summers grazing in alpine meadows, 
move to steep cliffs to give birth, and spend win-
ters at lower, south-facing elevations that have 
less snow depth. A review of mountain habitat in 
British Columbia found that 95 species of migra-
tory birds used alpine, subalpine, and montane 
forests, 25% of which have conservation status 
(Boyle & Martin, 2015).

Bears are one of the most iconic mountain spe-
cies, and three species of bear are found in the 
mountain regions of Canada. Black Bear (Ursus 
americanus) are the most common and wide-
spread, while Polar Bear (Ursus maritimus) are 
restricted to the mountain habitats of the Arctic 
Cordillera and the Eastern Subarctic. Grizzly 
Bear (Ursus arctos horribilis) are perhaps the most 
iconic of mountain bears and have seasonal mi-
gration patterns based on food availability. Most 
Grizzly Bears found in southern Canada are now 
restricted to mountain regions that include the 

Pacific Maritime, Montane Cordillera, Boreal Cor-
dillera, and Taiga Cordillera (COSEWIC, 2012).

Both grizzly bears and caribou showcase the 
important role of mountains as a refuge for wild-
life, as their formerly large ranges have been 
dramatically reduced to isolated mountain re-
gions. Other mammals that require large home 
ranges and have been pushed into the refugia 
mountain environments include Grey Wolf (Canis 
lupus), Wolverine (Gulo gulo), and Cougar (Puma 
concolor). As a result, the Rocky Mountains are 
one of the last regions in North America to have 
maintained intact assemblages of large mammals 
(Sanjayan et al., 2012).

The refugia of intact habitats that have been 
retained in mountain ecosystems are also im-
portant ecological corridors. The Yellowstone 
to Yukon corridor that winds through the Mon-
tane and Boreal Cordillera (Chester, 2015) and the 
Two Countries One Forest corridor that connect 
the Appalachians with the Atlantic Maritime and 
Boreal Shield mountain region (Bateson, 2005) 
provide important north-south corridors for 
wildlife. In addition to animal movements, these 
mountain corridors are important to help plants 
and ecosystems shift to changing climate (Ches-
ter & Hilty, 2019).

Threatened mountain species
Mountain regions comprise 24% of the land area 
of Canada (McDowell & Guo, 2021) but support 
approximately one-third of species assessed as at 
risk2 by the Committee on the Status of Endan-
gered Wildlife in Canada (Canada, 2018). Many of 
these threatened species are primarily restricted 
to mountain ecosystems.

Porsild’s Bryum (Haplodontium macrocarpum) 
(Threatened) is a moss that is most common in 
western mountain ranges, preferring sites that 
are constantly moist during the growing season. 
Mountain Holly Fern (Polystichum scopulinum) 
(Threatened) grows on rock outcrops in the moun-
tains of the Tulameen River area in southwestern 

2 233/705. Species at Risk Registry database. Species 
assessed as Extirpated, Endangered, Threatened, or 
Special Concern. Excluding marine mammals and 
marine fishes from total number. Query completed in 
January 2023.
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CONSERVING THE ICONIC MOUNTAIN CARIBOU

While widespread, caribou are often associated with 
mountains (Fig. 2.26). Mountain caribou is an important 
subsistence and cultural species for Indigenous Peoples 
of the Montane Cordillera region and Indigenous-led 
conservation efforts are supporting recovery efforts of this 
iconic species (Lamb et al., 2022). In eastern Canada, 
the last herd of the Caribou-Atlantic-Gaspésie popula-
tion can be found in the mountains of Gaspe. In the 19th 
century, this eastern population of caribou was distrib-
uted throughout New England and the Canadian Mari-
times but is now restricted to fewer than 120 adults that 
inhabit mountain plateaus in the Atlantic Maritime and 
Boreal Shield region (COSEWIC, 2014b), and its num-
bers continue to decline (Webb, 2021). As Elder Pnnal 
Bernard Jerome, of the Micmacs of Gesgapegiag, ex-
plained: “We used to have caribou, like everybody else. 
But back in 1935 they started to dwindle. It’s even worse 
now...the environment that the caribou lives on is being 
depleted” (LC 2.17).

Mountain caribou have adapted to the deep snow 
of mountains. Historically, Mountain caribou spend the 

winter foraging at lower elevations and move to higher 
elevation in the spring and summer to feed and have their 
calves. Recently, these migrations have been disrupted, 
or even abandoned, by some herds (COSEWIC, 2014a) 
(COSEWIC 2014b). Despite being listed under Canada’s 
Species at Risk Act, Mountain caribou have continued to 
decline rapidly as a result of industrial forestry and en-
ergy development that has greatly reduced the amount 
and quality of habitat (Nagy-Reis et al., 2021; Palm et 
al., 2020). 

Figure 2.26: Mountain caribou (Rangifer tarandus caribou) in the interior temperate rainforest of central British 
Columbia. Photo courtesy of David Moskowitz, www.davidmoskowitz.net.

Pnnal Bernard Jerome, Micmacs  
of Gesgapegiag, 2022, LC 2.17 
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British Columbia and on Mont Albert in the Gaspé 
Peninsula, Quebec.

Many species use mountain regions for breed-
ing, including several populations of Sockeye 
Salmon (Oncorhynchus nerka) in British Colum-
bia and at-risk species such as Bicknell’s Thrush 
(Catharus bicknelli) (Threatened) in Quebec, Black 
Swift (Cypseloides niger) (Endangered) in Alberta, 
and Westslope Cutthroat Trout (Oncorhynchus 
clarkii lewisi), Threatened in Alberta and of Special 
Concern in British Columbia. Many threatened 
birds and insects are found in mountain regions 
as part of a broader range such as Bank Swallow 
(Riparia riparia) (Threatened) and Wood Thrush 
(Hylocichla mustelina) (Threatened).

More than 100 species are restricted (endemic) 
to mountain regions in Canada. These comprise 
approximately 40% of all of the nationally en-
demic species that have been documented to date 
(Kraus et al., 2023). These include the Vancouver 
Island Marmot (Marmota vancouverensis) of the 
Pacific Maritime mountain region, Lake Louise 
Arnica (Arnica louiseana) in the Montane Cordil-
lera, Mont Albert Goldenrod in the Atlantic Mari-
time region in Quebec, and the Ogilvie Mountains 
Collared Lemming (Dicrostonyx nunatakensis) that 
is restricted to the Ogilvie Mountains in north- 
central Yukon. Less than 10% of mountain en-
demic species in Canada have been assessed as 
secure in terms of their conservation status, and 
an unknown number are vital to Indigenous life-
ways. For example, Elder Gùdia Mary Jane John-
son, Lhu’ààn Mân Ku Dań Nation, described the 
importance of caribou leaves, a species of sage 
(Artemisia spp.) used as medicine and traded across 
many Nations in the Pacific Maritime region, 
which is threatened by development of mining 
access infrastructure in her Traditional Territory 
(LC 2.18). 

Mountain regions in Canada are hotspots of 
nationally endemic species as well. These include 
Haida Gwaii, Ogilvie Mountains, Kluane, Gaspésie, 
Vancouver Island, Okanagan Similkameen, Cen-
tral Yukon Plateau, and sites in western mountain 
parks in Canada (Banff, Jasper, Waterton) (Kraus 
et al., 2023). Several of the hotspots coincide with 
glacial refugia that were likely ice-free during the 
Last Glacial Maximum (Fernald, 1925). The best 
known of these is the unglaciated region called 
Beringia, which extends from the Lena River in 
Russia east to the Mackenzie River in the North-
west Territories (Hultén, 1937) and is part of the 
Taiga Cordillera. This region formed a broad con-
nection between Asia and North America during 
the last glaciation. Refugia have also been de-
scribed from multiple sites in the northwestern 
Canadian Arctic Archipelago (Dyke, 2004), the 
west coast and islands of the Pacific Maritime 
region, and possibly in the Montane Cordillera 
(Clark et al., 1993; Marr et al., 2008).

2.7.4 Aquatic ecosystems and biodiversity 

As with terrestrial ecosystems, diverse aquatic 
ecosystems are also found throughout mountain 
regions in Canada, and many aquatic ecosystems 
include species endemic to mountain environ-
ments. Mountain stream ecosystems are typically 
composed of fish and communities of bacteria, 
algae, and aquatic macroinvertebrates that grow 
attached to the rocks of streambeds. Water source 
(Sec. 2.4) is a critical determinant of aquatic biodi-
versity: glacier melt, snow melt, and groundwater 
sources form distinct environments with varying 
temperature, discharge, turbidity, and nutrient 
availability, all of which affect ecosystem com-
plexity (Milner et al., 2017).

Rivers

Algae, along with bacteria, serve as the dominant 
primary producer in many mountain streams. 
These photosynthetic organisms form the base of 
mountain stream food webs and are critical to the 
success of higher trophic levels in environments 
with little other productivity. Glacial meltwater 
(Fig. 2.27) has a strong effect on the composi-
tion of algal communities, as few species tolerate 
frigid, rapid, and turbid glacial flows. These harsh 

Gùdia Mary Jane Johnson, Lhu’ààn 
Mân Dań, 2022, LC 2.18
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conditions shape distinct communities com-
pared to streams fed by more benign sources, 
like groundwater (Brahney et al., 2021; Roy et al., 
2010). Low algal diversity is common in glacial 
streams as only few diatom specialists can toler-
ate the frequent stream disturbances (Gesierich & 
Rott, 2012). As the influence of glacial meltwater 
wanes and snowmelt and groundwater increas-
ingly contribute to stream flow, chlorophytes 
(i.e., green algae), chrysophytes, and cyanobac-
teria colonise mountain streams, contributing to 
diverse and productive algal communities (Roy et 
al., 2010).

Evidence from alpine streams globally indicates 
that water source is also an important determi-
nant of benthic macroinvertebrate community 
structure (Milner et al., 2017). Temperature is a 
particularly strong filter of macroinvertebrate 
communities in mountain streams. Only cold- 
water specialists, such as Diamesa, are typically 
found in frigid glacial meltwaters (Milner et al., 
2001). In snow and groundwater fed streams, 
warmer temperatures support the colonisation 
of temperature sensitive stoneflies, mayflies, 
and caddisflies (Milner et al., 2001). Although 
these patterns are well documented in moun-
tain regions around the world, studies focused on 
benthic macroinvertebrate communities in Ca-
nadian mountain streams are lacking, and a key 
knowledge gap persists as to the extent of mac-
roinvertebrate diversity endemic to Canadian 
mountain streams. Two stonefly species endemic 
to alpine streams in Northern Montana and Wyo-
ming, just south of the Montane Cordillera region 
in Canada, have recently been listed under the 
U.S. Endangered Species Act (Giersch et al., 2017; 
Muhlfeld et al., 2020). However, it is unknown 
whether the range of these endangered species 
extends into Canada.

Mountain streams provide habitat to diverse 
fishes across Canada. Although the steep, turbu-
lent flows inherent to high-alpine streams impede 
fish colonisation, many species are found in lower 
elevation montane streams with gentle gradients 
and stable streambeds (Pitman et al., 2020). Again, 
cold temperatures are a key feature that enable 
healthy fish populations, particularly for species 
endemic to mountain waters. For example, the 
endangered Westslope Cutthroat trout (Onco-
rhynchus clarkii lewisi) of the Montane Cordillera 

thrive in mountain streams with specific thermal 
zones bookended by frigid glacial waters and mild 
low-elevation waters (Heinle et al., 2021). Bull 
trout (Salvelinus confluentus), whose range extends 
northwards from the Montane Cordillera into 
the Taiga Cordillera, are similarly constrained to 
cold-water streams (Heinle et al., 2021; Mochnacz 
et al., 2021). In the Atlantic Maritime region, 
mountain streams provide critical spawning hab-
itat for Atlantic salmon, as Elder Pnnal Bernard 
Jerome, Micmacs of Gesgapegiag, shared during 
the Learning Circle (LC 2.19). To the west, Pacific 
salmon migrate up mountain streams to repro-
duce each fall in the Pacific Maritime (Pitman et 

Figure 2.27: Glacier meltwater from the Saskatche-
wan Glacier in Banff National Park. Photo courtesy of 
Joseph Shea, 2021.
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al., 2020). Pacific salmon rely on mountain glaciers 
to provide and maintain critical spawning habitat. 
Streams within previously glaciated valleys also 
provide salmon low-gradient streams with stable 
streambeds necessary for reproduction (Pitman 
et al., 2021). Glacial meltwater inputs also cool im-
portant salmon migratory paths, keeping stream 
temperatures within the thermal tolerance range 
of salmon (Pitman & Moore, 2021).

Lakes
Mountain lakes are diverse aquatic ecosystems 
with distinct benthic (bottom) and pelagic (water 
column) communities. In addition to algal and 
macroinvertebrate communities living along lake 
bottoms, fish, phyto- and zooplankton communi-
ties are all commonly found in mountain lakes.

Phytoplankton are primary producers that 
live in the water columns of mountain lakes and 
ponds. Like algae in mountain streams, phyto-
plankton form the base of mountain lake food 
webs and are an important source of energy for 
grazing macroinvertebrates and zooplankton 
(Mcnaught et al., 1999). Planktonic algae ad-
ditionally serve as crucial sentinels of climate 
change in mountain lakes (Moser et al., 2019; 
Parker et al., 2008). Phytoplankton produce pho-
tosynthetic pigments that are readily preserved 
in the sediment of lake bottoms (Vinebrooke & 
Leavitt, 1999). As lake environments change over 
time, fossilised pigments record phytoplankton 
responses, providing a proxy for how changing 
climates impact mountain lake ecosystems across 
millennia (Karst-Riddoch et al., 2005; Vinebrooke 
et al., 2010). For example, novel sediment core 
research on alpine lakes in the Montane Cordil-
lera identified that phytoplankton community 
structure rapidly shifted following the last glacial 
maxima (Vinebrooke et al., 2010). This sensitiv-
ity to climate change makes phytoplankton a 
useful tool for further studying climate change in 

mountain environments. Similarly, phytoplank-
ton are useful bioindicators of more local lake 
processes, like fish stocking, catchment glacier 
loss, and nutrient deposition (Moser et al., 2019; 
Parker et al., 2008).

Zooplankton, a group of animal plankton, also 
contribute to the biodiversity of mountain lakes. 
These plankton feed on phytoplankton and serve 
as important food sources themselves for alpine 
fishes. This integration of top-down and bottom- 
up food web dynamics make zooplankton a strong 
target against which to measure environmental 
change. Many studies use zooplankton as biomon-
itors to measure the ecological effects of historic 
non-native fish stocking (Donald et al., 2001; Red-
mond et al., 2018) and eradication (Beaulieu et al., 
2021; Parker et al., 2001; Parker & Schindler, 2006) 
in alpine lakes in the Montane Cordillera. Zoo-
plankton are also used as a model group to study 
how climate (Loewen et al., 2019; Strecker et al., 
2004), geography (Loewen et al., 2019; Strecker et 
al., 2004) and water quality (Swadling et al., 2000) 
impact mountain lake ecosystems.

Little is known about the extent of phyto- and 
zooplankton diversity across mountain regions 
in Canada. Although regional surveys in western 
Canada have contributed knowledge to zooplank-
ton diversity in the Pacific Maritime (Loewen et 
al., 2019; Strecker et al., 2004) and Montane Cor-
dillera regions (Anderson, 1974; Loewen et al., 
2019), this group remains understudied in most 
other mountain regions in Canada. Phytoplank-
ton diversity is similarly poorly studied. Given the 
importance of these planktonic groups in alpine 
lake food webs and their sensitivity to environ-
mental change, there is an urgent need to further 
monitor phyto- and zooplankton throughout Can-
ada as mountain ecosystems continue to change.

2.7.5 Gaps and challenges

Regarding mountain environments, knowledge 
co-creation has been best developed with re-
spect to mountain biodiversity and conservation. 
Recent examples include grizzly bear monitoring 
and conservation by the Heiltsuk First Nation, 
mountain goat monitoring by the Kitasoo Xai’xais 
First Nation in the Pacific Maritime (Housty et al., 
2014; Jessen et al., 2022), and mountain caribou 
conservation by the West Moberly First Nations 
and Saulteau First Nations in the Montane Cor-

Pnnal Bernard Jerome, Micmacs of 
Gesgapegiag, 2022, LC 2.19 
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dillera (Lamb et al., 2022). Paleoecological studies 
are largely absent from our assessment and rep-
resent a significant gap in our understanding of 
mountain ecosystems. Another significant ex-
clusion were the detailed fire histories that exist 
for some sites in some mountain regions, though 
a compilation of paleoecological and fire history 
data as a knowledge co-generation project would 
be an invaluable contribution. One of the most 
significant gaps when preparing this section was 
the lack of species-specific and mountain spe-
cies data, especially in the biodiversity section. 
Many biodiversity studies are limited spatially 
and thus hard to extrapolate across entire moun-
tain regions. These same studies are also often 
taxa specific. Another interesting area of inquiry 
that is not presented in this section is the ‘sky 
island’ hypothesis (McCormack et al., 2009) that 
considers high elevation areas in terms of their 
relative isolation to other sky islands and could 
be explored to answer questions around endemic 
species and speciation more broadly. There was 
little information found on sky islands in the Ca-
nadian context.

2.8 Connections between Mountains 
and Lowland/Coastal Environments 

Mountains shape the way that air moves and 
water flows, and in turn, how and whether an-
imals (including humans) and plants disperse 
across their slopes. Connections between moun-
tains and lowland/coastal environments are 
therefore omnipresent and fundamental to the 
health and wellbeing of people and ecosystems 
across Canada. Elder Patricia Joe, Kwanlin Dün 
First Nation, spoke to this connection during the 
CMA Learning Circle gathering: “We would not be 
river people if it wasn’t for the mountain people. 
It’s the mountains that make the river” (LC 2.20).

While alpine valley communities immediately 
recognize the role that mountains play in their 
day-to-day life, the role of mountains in affecting 
people and places can extend hundreds to thou-
sands of kilometres downstream, where their 
importance may be more often overlooked (see 
Chapter 4).

At a basic level, highland-lowland connections 
occur in two directions: 1) air masses that origi-
nate and organisms that move from marine and 
other lowland areas, transporting water, nutrients 
and contaminants to the mountains; and 2) fluxes 
of air, water and materials from the mountains 
to lakes, rivers, and coastal waters downstream. 
Upstream movements and fluxes are closely cou-
pled with those downstream and in many cases 
operate as a cycle, such that changes in the larger 
earth system (e.g., oceanic changes) have implica-
tions for the mountains and the ecosystems that 
depend on them.  

The nature and strength of the connections be-
tween mountain and lowland environments may 
differ substantially over time and space, driven by 
local combinations of weather, climate, hydrol-
ogy, and biology. For example, along the Pacific 
coast, connectivity is simultaneously defined by 
annual cycles in rainfall, snow, and/or glacial 
melt that determine river hydrology (Moore, 
1992), the atmospheric transport of pollutants 
to high mountain regions (Blais et al., 1998), and 
subsequent chemical export downstream to net-
works of lakes and rivers (Milner et al., 2017), as 
well as the migration of anadromous fish species 
out to their oceanic feeding grounds and their ul-
timate return to freshwaters to spawn. In inland 
mountain regions, connections are largely de-
fined by annual cycles of snow and ice melt that 
control river/lake hydrology. This is also true in 
the Arctic, but with the additional influence of 
the transition between polar day and night that 
affects biological production and atmospheric 
deposition of compounds from distant locales 
(Law & Stohl, 2007). Along the Atlantic coast, the 
snowmelt season is a primary driver of river hy-
drology (Sec. 2.5), whereas local weather, sea ice 
formation, and oceanography impact fog for-
mation and atmospheric deposition at higher 
elevations. In coastal mountain regions, one ad-
ditional factor to consider is that the impact of 
alpine exports on receiving marine environments 
also depends on largely seasonal oceanographic 

Patricia Joe, Kwanlin Dün First Nation, 2022, LC 2.20
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processes like upwelling/downwelling and sea ice 
formation/melt. 

Connections between mountain and lowland 
environments are implicit throughout this chap-
ter (e.g., Chinook and gap/outflow winds in Sec. 
2.3; river and stream flow in Sec. 2.5) and else-
where in the assessment. The idea of connection 
between mountain and lowland environments 
is, however, rarely considered explicitly in the 
peer-reviewed literature. In this section, we 
therefore highlight major themes that allude to 
the impact that broader earth system processes 
have on mountain environments and the role of 
mountains in structuring downstream ecosys-
tems. Oftentimes, these themes reflect regional 
interests and concerns, rather than processes 
common to all—or even multiple—mountain re-
gions in Canada. 

2.8.1 Upstream movements of air, water, 
materials, and organisms

Long range transport and atmospheric 
deposition
Orographic processes are crucial in both generat-
ing and intercepting air masses. Along with water, 
these air masses are also responsible for the long-
range transport and subsequent deposition of 
nutrients, metals and organic contaminants to 
alpine forests (Evans & Hutchinson, 1996; Lin et 
al., 1997), snow (Blais et al., 1998) and ice (Beal 
et al., 2015). Air masses transport metals and 
contaminants released by both natural and an-
thropogenic (industrial activities, metropolitan 
areas) processes over long distances before these 
compounds are deposited at high elevations, 
where cold temperatures and precipitation can 
favour deposition. For example, the deposition of 
persistent organochlorine compounds to west-
ern Canadian snowpacks increases 10- to 100-fold 
between 770 and 3100 metres above sea level 
(m.a.s.l.) due to colder temperatures that prevent 
re-volatilization (Blais et al., 1998). In the Arctic, 
the annual transition from 24-h daylight to 24-h 
darkness can also promote the deposition of light 
sensitive compounds, like mercury, to snow and 
ice in alpine environments (Environment and 
Climate Change Canada, 2016). In the Atlantic 
Maritime and Boreal Shield regions, particular 
attention has been paid to the role of fog in trans-
porting metals and hydrogen ions (responsible 

for acidification) to the mountains (Schemenauer, 
1986; Schemenauer et al., 1995). 

Anadromous fish migration
The annual migration of anadromous fish spe-
cies from the ocean to upland environments to 
spawn represent crucial events for mountain 
ecosystems. This is especially true in the Pacific 
Maritime and Boreal Cordillera regions, where 
the annual return of Pacific salmon species (Onco-
rhynchus sp.) from oceanic feeding areas to their 
natal streams is of immense cultural and ecologi-
cal significance (Chapter 4). As spawning fish die, 
their remains decompose, acting as an import-
ant source of marine-derived nutrients to both 
freshwater and terrestrial mountain headwater 
ecosystems (Gende et al., 2002). Salmon-derived 
nutrients permeate the soils, insects, trees, influ-
encing terrestrial and freshwater food webs of the 
coastal temperate rainforest (Gende et al., 2002; 
Reimchen et al., 2003). Bears, in particular, play 
a critical role in facilitating the “salmon resource 
wave,” transferring 50% or more of spawning 
salmon to streamside areas (Levi et al., 2020). The 
resource wave is associated with changes in ripar-
ian plant community composition and diversity 
(Hocking & Reynolds, 2011), increases in bird 
abundance and diversity near salmon-bearing 
streams (Wagner & Reynolds, 2019) and strongly 
influences bears’ abilities to build fat stores for the 
winter months (Levi et al., 2020). Changing water 
temperatures and levels, combined with dam 
construction and other forms of intensive human 
activities (e.g., commercial fishing), are devastat-
ing Pacific salmon populations along the Pacific 
coastline with biological, social and cultural ram-
ifications for the communities (human, trees,  
bears) that depend on them, as Brandy Mayes, 
Kwanlin Dün First Nation, described during the 
CMA Learning Circle gathering (LC 2.21).

Brandy Mayes, Kwanlin Dün First Nation, 2022, LC 2.21
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While the resource wave associated with Pa-
cific salmon species is well understood, Western 
academic literature lacks knowledge in the role 
that other anadromous fish species play in the 
coastal mountain regions of Canada. The annual 
migration of eulachon (Thaleichthys pacificus, 
Fig. 2.28) to the lower reaches of mountain rivers 
and streams along the Pacific coast is of huge 
cultural significance (Moody, 2008). Early spring 
eulachon runs historically provided humans 
and other animals with a high fat food source 
when food was otherwise scarce (Moody, 2008). 
In recent decades, eulachon populations have 
declined significantly and become extirpated 
in some streams and rivers. Although the exact 
reasons for these declines are unknown, climate 
change, fisheries practices and bycatch, forestry, 
and pollution may all have played a role (COSE-
WIC, 2013; Moody, 2008). 

In parts of the Columbia River basin, the migra-
tion of American shad (Alosa sapidissima) may also 
represent an increasingly important source of 
marine-derived nutrients as salmon populations 
decline (Haskell, 2018). In the Atlantic Maritime 
and Boreal Shield region, the role of marine- 
derived nutrients and contaminants in mountain 
systems is less well known, though recent studies 
from non-mountainous areas of New Brunswick 
and Prince Edward Island have demonstrated 
food web incorporation of marine-derived nutri-
ents from both rainbow smelt (Osmerus mordax; 
Landsman et al., 2018) and Atlantic salmon (Salmo 
salar; Bryson et al., 2022). In the Arctic, the migra-
tion of arctic char (Salvelinus alpinus) may have a 
more subtle effect on freshwater food webs, and 
specific nutrient subsidies were undetectable in 
the study lakes (Swanson et al., 2010). Additional 
work is needed to fully resolve the complexity of 

Figure 2.28: Sun-dried eulachon, Fishery Bay, Nisga’a Nation. Photo courtesy of Brodie Guy, www.brodieguy.com, 
2018.
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these subsidies for mountain ecosystems, espe-
cially for non-Pacific salmon species and areas 
outside of the Pacific Maritime and Boreal Cordil-
lera regions.

2.8.2 Downstream movements of air, water, 
materials, and organisms

Downstream impacts of glacial meltwaters
The impacts of glacial meltwaters on downstream 
ecosystems and communities are growing areas 
of study in Canadian mountain systems, given 
the changes that have already occurred and are 
predicted to occur in glacierized systems. Many 
western Canadian communities rely on glacier- 
fed systems as drinking water and irrigation 
sources and are highly vulnerable to the impacts 
of glacial retreat on water supply (Anderson 
& Radić, 2020; Schindler & Donahue, 2006). In 
some cases, glacial retreat is associated with the 
complete hydrological reorganisation of moun-
tain watersheds with important implications for 
downstream ecosystems. The 2016 redirection 
of ‘A’ąÿ Chù’ (Slims River) away from Lhù’ààn 
Mân’ (Kluane Lake) following the retreat of the 
Kaskawulsh Glacier is one such example. As the 
primary inflow to the lake, the redirection of 
‘A’ąÿ Chù’ towards the Alsek River significantly 
lowered lake water levels (Shugar et al., 2017) 
with potential implications for temperature and 
productivity in the southern basin of the lake 
(McKnight et al., 2021). 

As repositories for atmospherically deposited 
nutrients and contaminants, glacial meltwater 
fluxes also have potentially important implica-
tions for the health and function of downstream 
aquatic ecosystems. Between 2007 and 2012, a 
1°C increase in temperature resulted in a ~10-
fold increase in the delivery of glacial meltwater 
from the Northern Ellesmere Icefield (Grant Land 
Mountains) to Lake Hazen in the Arctic Cordil-
lera (Lehnherr et al., 2018). Changes in the glacial 
headwaters were associated with changes in lake 
turnover, increasing fluxes of mercury (St. Pierre 
et al., 2019), organic contaminants to the lake 
(MacInnis et al., 2022; Sun et al., 2020), and en-
hanced carbon dioxide consumption by chemical 
weathering in the turbid meltwater-fed rivers 
(St. Pierre et al., 2019).

In the Montane Cordillera, glacial meltwaters 
have also been found to be important sources of 

persistent organic pollutants to alpine lakes (Blais 
et al., 2001; Lafreniere et al., 2006), impacting bio-
accumulation in resident aquatic invertebrates 
(Blais et al., 2003). Differences in water quality be-
tween glacial and non-glacial streams represent 
important functional differences for downstream 
ecosystems, affecting whether freshwater ecosys-
tems are sinks or sources of carbon dioxide from 
the atmosphere and the bacteria, phytoplankton, 
zooplankton, invertebrates, and fish that call 
these systems home. In more temperate moun-
tain ranges, the complete loss of glaciers has the 
potential to alter water quality in downstream 
ecosystems, as well as impact the habitat suit-
ability for key fish species (e.g., thermal refugia 
important for such cold-water species as Pacific 
salmon (Pitman et al., 2020). 

Downstream impacts of permafrost thaw
Northern mountain regions like the Taiga Cor-
dillera, and Interior Hills North and West, are 
increasingly being impacted by permafrost thaw. 
Hillslope thermokarst processes like retrogres-
sive thaw slumps have the ability to rapidly move 
large amounts of materials previously immobil-
ised in frozen soils to downstream ecosystems. 
For example, over 100 million tons of sediment 
is deposited in the Mackenzie Delta, NWT, yearly 
(Carson et al., 1998). These materials make their 
way into waterways across the region (Keskitalo 
et al., 2021; Kokelj et al., 2021; Zolkos & Tank, 
2020) and act as significant barriers and hazards 
to human and animal travel across these moun-
tain landscapes. According to Wanda Pascal of the 
Teetl’it Gwich’in Nation (a CMA Learning Circle 
participant), “[Everything is] going to be affected 
one way or another because we’re downstream” 
(LC 2.22).

At least initially, thaw slumps tend to increase 
the concentrations of particle-bound organic 

Wanda Pascal, Teetl’it Gwich’in, 2022, LC 2.22
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carbon (Keskitalo et al., 2021; Shakil et al., 2020) 
and mercury (St. Pierre et al., 2018), which can 
persist through stream and river networks over 
tens of kilometres. The cumulative impacts of 
these headwater dynamics have important conse-
quences for large river systems like the Mackenzie 
River, where increases in the flux of both dis-
solved inorganic and organic carbon since the 
1970s are consistent with permafrost thaw dy-
namics across its watershed (Tank et al., 2016). 
The effects of these mountain/hillslope processes 
are then exported to nearshore environments in 
the Beaufort Sea (Kokelj et al., 2021).

Landslide effects on freshwater and coastal 
environments
Extreme events, like landslides, can completely 
alter the connections between the mountains 
and downstream ecosystems. In some cases, 
the impacts of these events may be short-lived 
(weeks to months), whereas other impacts may 
last much longer (years to decades or longer). In 
November 2020, ~13.3 million m³ of rock fell into 
proglacial Elliot Lake in the Cascade Mountains 
of the British Columbia coast (Geertsema et al., 
2022). The resultant outburst flood and tsunami 
cascaded through Elliot Creek and the Southgate 
River, destroying key salmon spawning habitats 
and generating a turbidity current more than 
60  km downstream in Bute Inlet. The turbidity 
current increased deep-water turbidity in the 
fjord by 200%, reduced salinity and reversed 70-
year trends of warming waters and oxygen loss at 
depth (Geertsema et al., 2022). Although climate 
change may have contributed to the Elliot Creek 
event, landslides have been a feature of coastal 
mountain environments on both the Pacific and 
Atlantic coasts of Canada since time immemorial. 
In 1663, a large earthquake triggered the collapse 
of the Saguenay Fjord basin, widespread land-
slides, the damming of the Saguenay River, and a 
turbidity current in the fjord that lasted 28 days 
as the river eroded landslide debris (Syvitski & 
Schafer, 1996). While turbidity currents may be 
relatively short-lived effects of these events, they 
can efficiently transport and bury large quanti-
ties of organic matter from mountain landscapes, 
effectively augmenting the role of fjords as global 
carbon sinks over long periods of time (Hage et 
al., 2020, 2022).

Biological communities impacted by these 
events can take much longer to recover. Such 
events can destroy fish spawning and rearing 
habitat and act as a barrier to fish reaching their 
spawning grounds. In 2018, the Big Bar Landslide 
along the Fraser River in the British Columbia 
Interior effectively prevented the passage of 
threatened Pacific salmon stocks to their spawn-
ing grounds. Extensive interventions, in close 
collaboration between local First Nations and 
the federal and provincial governments, includ-
ing transport of salmon past the slide site, have 
been undertaken to secure salmon recovery to 
the upper reaches of the Fraser River.

Impacts of mountains on oceanic circulation
The impacts of mountain systems on ocean en-
vironments, though, are much broader than tur-
bidity currents in fjords. Along the Pacific coast, 
high rainfall, deep snowpacks, and glacial melt-
waters from the region’s mountains result in con-
sistently large, but seasonally variable freshwater 
fluxes to the northeast Pacific Ocean. Large fresh-
water fluxes to the coastal Pacific Ocean are also 
responsible for the formation of eddies that trans-
port land-derived nutrients and iron to the ocean 
interior (Cullen et al., 2009; Ladd et al., 2009). The 
cumulative impact of these freshwater fluxes is 
sufficient to generate a contiguous boundary cur-
rent that moves clockwise around northern North 
America (Carmack et al., 2015). The boundary 
current, coined the “riverine coastal domain,” 
is perpetuated through the Arctic by freshwater 
inflows like the Mackenzie River and the annual 
sea ice cycle (Carmack et al., 2016). Freshwater 
sources in the Arctic, some of which originate in 
the Taiga Cordillera, Interior Hills North, Arctic 
Cordillera, and neighbouring Greenlandic moun-
tain regions, are detectable within the Labrador 
Current, which is a major driver of oceanic circu-
lation and climate across the Atlantic (Khatiwala 
et al., 1999). Exports from the Atlantic Maritime 
and Boreal Shield regions contribute water and 
materials to the St. Lawrence River and some 
smaller rivers that discharge to the St. Lawrence 
Estuary. These riverine inputs affect stratification 
and circulation in the estuary, ultimately influ-
encing the estuary’s connections to the Gulf of 
St. Lawrence and the Atlantic Ocean (Khatiwala et 
al., 1999). 
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2.8.3 Gaps and challenges

Geographic coverage and regional interests
Mountain systems in Canada and the environ-
ments to which they are connected inevitably 
are incredibly diverse. The available scientific lit-
erature therefore often reflects specific regional 
interests, like the role of fog in the Atlantic Mari-
time region or the role of permafrost thaw in the 
mobilisation of carbon in the Interior Hills North 
and West regions. Arguably, the most well under-
stood of the regions with regard to connections is 
the Pacific Maritime, where the cultural, ecologi-
cal and economic importance of anadromous fish 
species has expediated our still evolving under-
standing of highland/lowland connections. While 
highland/lowland connections in most other 
regions (e.g., Arctic Cordillera, Taiga Cordillera, 
Boreal Cordillera) are less well understood—or 
described scientifically—than the Pacific Mar-
itime, there was a near complete paucity of 
peer-reviewed literature on connectivity from 
the Interior Hills Central and Eastern Subarctic 
regions, which warrants immediate attention. 

A prime opportunity for transdisciplinarity
In all respects, Western science lags behind In-
digenous knowledge systems when it comes to 
recognizing and understanding the importance 
of the connections between highland and lowland 
areas. Elder Gùdia Mary Jane Johnson, Lhu’ààn 
Mân Ku Dán, describes the importance of viewing 
these systems as interconnected: “We can’t just 
think of mountain environments as being singu-
lar. We need to think of it as a whole. When we’re 
thinking of one mountain, it doesn’t mean that 
we isolate that one mountain, we’re thinking of 
what is happening on that whole mountain area” 
(LC 2.23).

To better understand and appreciate the reci- 
procal connections between mountain and low- 
lying and coastal environments requires holistic 
thinking and transdisciplinary approaches—the 
meaningful engagement with different scientific 
disciplines and ways of knowing, bridging atmo-
spheric sciences, geomorphology, freshwater and 
marine sciences, and ecology with Indigenous 
knowledge systems. 

2.9 Conclusions

Mountain regions in Canada may occupy a small 
area, but they fill many critical roles: as ar-
chives of the geological history that has shaped 
the landscape (Sec. 2.2); as weather generators 
and influencers (Sec. 2.3); as hosts for glaciers 
and snowpacks (Sec. 2.4); as sources of stream-
flow (Sec. 2.5); as dynamic terrain that presents 
numerous hazards (Sec. 2.6); as homes for com-
plex ecosystems and endangered species (Sec. 
2.7), and as corridors for migration and travel, 
both upstream and downstream (Sec. 2.8). Our 
assessment is not exhaustive (Table 2.7). Rather, 
it attempts to cover a broad range of subjects 
related to Mountain Environments, to provide 
examples from both Indigenous knowledges and 
scientific expertise, and to identify where gaps 
in knowledge and challenges in understanding 
mountain environments exist. The gaps and chal-
lenges are many.

First and foremost, we cannot speak for the 
Indigenous groups that have not shared or can- 

Table 2.7: Examples of topics not comprehensively 
assessed in this chapter

Findings from other biodivesity assessments

Indigenous knowledges of mountain geology, meteorology, 
hydrology, and ecology

Snow avalanches

Alpine lake and river ice

Spatial variability of mountain snowpacks

Mountain paleoenvironments

Hydrogeology of mountain regions

Advances in high-resolution modelling of mountain weather 
and hydrology

Mountain wildfire causes and impacts

Gùdia Mary Jane Johnson, Lhu’ààn  
Mân Ku Dán, 2022, LC 2.23
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not share their knowledge of mountain envi-
ronments. This is apparent in the imbalance 
between scientific literature and Indigenous 
viewpoints throughout the chapter. Western sci-
ence has, for many years, worked to understand 
different aspects of mountain environments in 
isolation, without consideration of more holis-
tic approaches. Co-generation of knowledge, let 
alone proper consultation with local Indigenous 
leaders and communities, is absent from most 
mountain research projects (Wong et al., 2020). 

It is easy to say that “more research is needed,” 
but it might be more useful to say that “better 
research is needed.” Future research should aim 
to address issues and subjects that are of direct 
relevance to communities within and down-
stream of the mountains, and should work across 
disciplines, rather than within. For example, the 
impacts of climate change on glaciers and snow-

packs, combined with models of hydrology and 
streamflow chemistry, could be used to bracket 
future changes in stream properties (e.g., flow, 
temperature, chemistry) with direct linkages to 
ecosystem function. Improved observational net-
works—for weather, streamflow, water quality, 
ecosystem health—are a common thread. Remote 
sensing, modelling, and machine-learning meth-
ods offer the possibility to fill knowledge gaps 
within remote mountain regions, but these rarely 
capture the true complexity of physical and bi-
ological systems in the mountains, and data 
are essential to train and test these methods. 
Current scientific methods also fail to capture 
holistic viewpoints and the animate character-
istics of mountain environments, which is why 
co-generation of knowledge will be critical for 
future research examining mountain environ-
ments in Canada. 

Glossary

Ablation: Processes that remove mass from a glacier, 
such as melt, sublimation, and calving.

Active margin: Active transition zone between conti-
nental and oceanic tectonic plates.

Albedo: The amount of light reflected by a surface; af-
fects the amount of solar energy absorbed by the 
surface. 

Asthenosphere: A high pressure and high tempera-
ture layer of the mantle that lies directly below the 
lithosphere.

Atmospheric deposition: Process whereby precipita-
tion, aerosols, and pollutants are moved from the at-
mosphere to the surface.

Atmospheric river: A narrow band of warm and moist air 
that can extend from the tropics to sub-polar regions.

Baseflow: Portion of streamflow that is sustained be-
tween precipitation or snow/ice melt inputs to a river 
system.

Benthic: Ecological region associated with the bottom of 
a water body.

Chinook: A term commonly referring to warm dry winds 
blowing east out of the Rockies in southern Alberta 
during the winter months; they exist due to the physi-
cal environment of the area and as such are not limited 
to a particular time of year, although their impact is 
most pronounced when it is cold. Similar winds exist 
in other parts of the world, including the Puget Sound 
area of Washington State, which is the Traditional Ter-
ritory of the Chinook Nation.

Craton: A stable and relatively unchanging portion the 
Earth’s crust that forms the core of continents.

Cryosphere: Components of the Earth’s climate system 
that are frozen: snow, glaciers, ice sheets, permafrost, 
sea ice.

Debris flows: Masses of water, soil, and fragmented rock 
that move rapidly down hillslopes and channels.

Endemic: A plant or animal species that is restricted to 
a certain area.

Evapotranspiration: Loss of water from a surface 
through evaporation and plant transpiration.

Glacial refugia: Areas that remained ice-free during the 
Last Glacial Maximum, and permitted the survival of 
flora and fauna for post-glacial succession.

Glacier mass balance: The change in mass of a glacier 
over a given time period; a positive balance means the 
glacier is gaining mass, while a negative balance means 
the glacier is losing mass. Often used to discuss glacier 
health.

Hydrograph: A graph of water flow (e.g., cubic metres 
per second) past a specific point over time.

Hydrological regimes: Seasonal distribution of flow 
over time in a river system. The main flow regimes 
in mountain environments include snow-dominated 
(nival), rain dominated (pluvial), glacier-dominated 
(glacial), and hybrid systems. 

Inversion: An atmospheric condition in which tempera-
tures increase with altitude above the surface; common 
in winter and in mountain valleys. 
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Last Glacial Maximum (LGM): Most recent period of 
continental scale glaciation, which peaked approxi-
mately 24,000 years before present.

Lapse rate: The rate of temperature change with in-
creasing altitude (often expressed as a positive, though 
temperatures generally decrease with increasing al-
titude). Lapse rates are sometimes applied to other 
meteorological variables as well, e.g., changes in pre-
cipitation with altitude.

Lithosphere: The solid outer part of the Earth, composed 
of brittle continental and oceanic crust and the upper 
part of the mantle.

Manitou Asinîy: Also known as the Manitou Stone or Iron 
Creek Meteorite. This 145 kg iron meteorite was origi-
nally located near Straw Mountain, AB, and was part of 
a religious complex including the Viking Ribstones. It 
was stolen by Methodist missionary George McDougall 
in 1866 in an attempt to attract people to his mission 
at Pakan and is currently at the Royal Alberta Museum.

Orographic precipitation: Precipitation that occurs 
when moist air masses encounter hills and mountains 
and are forced to rise, causing cooling, condensation, 
and precipitation. 

Orogen: Elongated regions of deformation that border 
cratons; product of mountain building (orogeny) that oc-
curs in convergence zones along continental margins.

Passive margin: Inactive transition between continental 
and oceanic tectonic plates.

Pelagic: Ecological region associated with the water 
column. 

Permafrost: Ground that is permanently frozen (less 
than 0°C).

Sublimation: Phase change of water from solid to gas, or 
gas to solid.

Turbidity: A measure of the clarity of a waterbody. High 
turbidity streams carry higher concentrations of sus-
pended sediment. 

Viking Ribstones: Located south of Philips, AB, in Beaver 
County, the “ribstones” are three quartzite bounders 
carved to look like stylized bison. Part of the same 
religious complex as Manitou Asinîy, the two largest 
stones remain in place and now form the centre of an 
Alberta Historic Place. 

Wetlands: A distinct ecosystem characterised by a water 
table that is at or near the surface.
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“For the mountain is one and indivisible, and rock, soil, 
water, and air are no more integral to it than what grows 
from the soil and breathes the air. All are aspects of one 
entity, the living mountain.”—Shepherd, 1977, p. 48

3.1 Introduction

3.1.1 Homelands and homes

Mountains can elicit strong feelings of connec-
tion to place (Bernbaum, 1997). People of virtually 
all backgrounds, from many walks of life, have 
expressed experiences of profound love and feel-
ings of belonging in mountains; many have found 
solace and healing in mountains. Scholars steeped 
in Western philosophical traditions have sought 
to explain the pull of mountains through such 
concepts as the sublime, the frontier, and the wil-
derness (Cronon, 1996; Fletcher et al., 2021). But 
these historically and culturally bounded con-
cepts, the progeny of European modernity, cannot 
account for the diversity of ways that people can 
be at home in the mountains. They are predicated 
on a division between nature and culture which 
places things like human-made buildings or art 
and non-human creations, such as beaver dams, 

into distinct ontological categories (or realms 
of reality), that are not universal. In this chap-
ter, we strive to move beyond these dichotomies 
in our assessment of what we know, what we 
don’t know, and what we need to know about the 
ways mountain regions in Canada are cultivated 
as particular kinds of places and about people’s 
experiences of these places. Taking a relational 
approach informed by Indigenous scholarship 
in anthropology, history, science and technology 
studies, geography, and other disciplines (Chan 
et al., 2018; Hunt, 2014; Liboiron, 2021; TallBear, 
2015; Todd, 2016; Watts, 2013), we contextualise 
spaces of use within larger cultural landscapes to 
better understand how “people develop senses 
of place and attachments to place that motivate, 
structure, and transform their interactions with 
the material world” (Zedeño & Bowser, 2009, p. 5). 

Mountain regions in the land now called 
Canada have been Homelands to First Nations, 
Métis, and Inuit since time immemorial (Sterritt, 
2016). These Homelands—with a capital “H”— 
are more than just homes in beautiful land-
scapes. Homelands are imbued with a deep sense 
of belonging to a place, which is grounded in 
multi-generational interconnected and recipro-
cal kin relationships among humans, and with 
non-humans such as mountains, waters, glaciers, 
animals, plants, and spirits. Connections to land 
are maintained through practices, language, and 
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stories, and are diverse and specific to community and place. We capi-
talise ‘Land’ when referring to its sacred or sentient qualities. However, 
this enriched sense of the word may not always be clear from context or 
muddled by the fact that in practice land supports a variety of overlap-
ping uses, sometimes simultaneously. Where uncertain, we have opted 
for “land” so as not to assume knowledge we do not possess. These un-
certainties emphasise the difference between mountain Homelands and 
mountain homes. They point to opportunities to know more about the 
specific land practices of individual Indigenous communities. Mountain 
Homelands, then, are more than just physical geographies, habitats or 
ecosystems; they are a network of place-based relationships in which 
mountains actively participate in and shape relationships among beings 
of different types. These relationships have ethical structures informed 
by inter-species treaties and agreements (Watts, 2013). 

In sharing their thoughts on mountain Homelands, Indigenous Knowl-
edge Holders working with the Canadian Mountain Assessment (CMA) 
highlighted the diversity and depth of meaning of Homelands. Elder 
Gùdia Mary Jane Johnson (Lhu’  ààn Mân Ku Dań) spoke of Homelands as 
“where you are between your relations, between people,” a place for shar-
ing bounty with family that exceeds geographical boundaries (LC 3.1). 
Hayden Melting Tallow (Siksika Nation, Blackfoot Confederacy) spoke of 
Homelands as a place where his people have been since time immemo-
rial. He explicitly contrasted this with the homes made by people from 
away who settle on the land (LC 3.2). Leon Andrew (Nȩ K’ǝ Dene Ts’įli) de-
scribed beautifully the Homelands of the Mountain Dene as being made 
and sustained by trails carved in the earth by humans and non-human 
people. “We call it our Homeland,” he said, “because of our grandfathers’ 
trails” (LC 3.3). Several Indigenous Knowledge Holders emphasised the 
relations and responsibilities that undergird the idea of Homelands. 
Pnnal Bernard Jerome (Micmacs of Gesgapegiag) described Homelands 
as places of sharing and giving back—places of responsibility and care-
taking (LC 3.4). Brandy Mayes (Kwanlin Dün First Nation) stressed the 
importance of sharing, caring, and being respectful for understanding 
and cultivating Homelands (LC 3.5). This understanding and cultivation 
of Homelands involves ongoing learning and receptivity. Whenever you 
go into mountains, observed Anne York, a Nlaka’pamx Knowledge Holder 
and author who is not affiliated with the CMA, “You stay there and learn 
all there is to learn in that place. Next time you go somewhere else and 
talk to all the plants in that place. You get knowledge and grow strong. 
K’ek’áwzik is the place our young people went to learn. They might stay 
up to ten days. Not eating or drinking. Learning on that mountain” (York 
et al., 1993, p. xvii). To have a Homeland is to be a steward. Yan Tapp 
(Gespeg First Nation) spoke with moving passion about his Homelands 
in the Chic-Choc mountains. Encroached upon by private land—“every-
where there are signs”—Homelands, he maintained, are worth fighting 
for (LC 3.6). Indeed, many Indigenous Peoples in Canada are today fight-
ing on behalf of their mountain Homelands (Moreton-Robinson, 2015).

Settler-colonialism—defined briefly as a set of active relations that 
aims to destroy or replace Indigenous Peoples and their relations—has 
dispossessed Indigenous Peoples or separated them from their mountain 
Homelands in ways that change what is possible on the land. Indigenous 
Peoples did not historically think of relationships to land in terms of 
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“ownership” or “property” (Liboiron, 2021; Nadasdy, 2002). Relation-
ships based on ideas of ownership—whether through private property 
or “public” lands such as “crown land” or parks—are key aspects of how 
colonialism has impacted Indigenous land relations in the mountains. As 
we shall see, they continue to severely limit how they are able to access 
and interact with their Homelands (Liboiron, 2021; Yang, 2017). “The 
power of these colonial systems,” observes Knowledge Holder Gabrielle 
Weasel Head (Kainaiwa First Nation, Blackfoot Confederacy), “is really to 
instil in us this sense of disempowerment that we can’t move forward” 
(LC 3.7). The historical and ongoing changes to mountains resulting from 
settler-colonialism are a central concern of our chapter.

When we refer to mountains as home with a lower-case ‘h’, we gesture 
toward the many ways that non-Indigenous people have made homes 
and felt at home in mountains. These, too, are varied and may be long 
standing and deep, emotional or even spiritual. For our purposes, sto-
ries of mountains as home have been largely captured in peer-reviewed 
literature on place-making in the mountains, in documentary and bi-
ographical literatures, in creative expressions like visual art, and in work 
that seeks to understand the specifics of colonial encounters and change 
in Canada (Harris, 1996, 2004, 2021). Much of the scholarly work consid-
ered here falls under efforts to understand “place-making”; that is, how 
peoples’ understandings and experiences of a place are made through 
social and material practices, representations, and forms of knowledge 
(Low & Lawrence-Zúñiga, 2003; Malpas, 2018; Tuan, 2001). 

In this chapter, we strive to weave together stories of specific Indig-
enous knowledge of mountains as Homelands and stories of mountains 
as homes for non-Indigenous people as they are found in peer-reviewed 
academic literatures and grey literatures. We have attempted to be as 
thorough as possible in our assessment of the stories captured in the 
peer-reviewed literature, but we have been limited by the bounds (both 
geographical and topical) of our individual areas of expertise, and the 
limited ability of the systematic review process to capture certain litera-
tures relevant to this chapter. 

3.1.2 Conceptual underpinnings

This chapter has been influenced by two scholarly approaches: multi-
species ethnography and ontology studies. Multispecies ethnography, 
described by Eduardo Kohn (2013) as an “anthropology beyond the 
human,” examines entanglements among humans and non-humans 
(Hara way, 2013; Mathur, 2021; Tsing, 2015). Multispecies work challenges 
ways of thinking that overemphasise human agency and dominance 
over non-humans. It aims to show how humans are shaped by and are 
co-evolving with beings other than themselves. This conceptual shift has 
spread well beyond anthropology, and aligns, if imperfectly, with how 
some Indigenous communities regard their relationships with the land. 

An ontology may be understood as a way of being and knowing the 
world. Ontology studies take seriously the possibility that we do not 
all know or occupy the world in the same way. Take, for instance, a 
foundational case for the genre: the dichotomy between nature and cul-
ture. Not all communities adhere to the nature/culture divide central 
to Western thought (Descola, 2013; Kohn, 2013). While epistemologies 
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(theories of knowledge) and ontologies (theo-
ries of being) are separate branches of Western 
thought, Indigenous worldviews do not separate 
the two—conceptualised as onto-epistemologies 
or Indigenous place-thought (Hunt, 2014; Watts, 
2013). The notion of ontology has been mobilised 
in the context of Indigenous studies in Canada 
(Kakaliouras, 2012; Nadasdy, 2007; Wilson & Ink-
ster, 2018). However, as Métis scholar Zoe Todd 
(2016) argues, the ideas at the heart of ontology 
studies—long present in Indigenous knowledge 
systems—have often gone unacknowledged by 
non-Indigenous scholars in the field. Together, 
multispecies and ontologies studies provide us 
with ways of thinking beyond a strict nature-cul-
ture divide. While we may not always reference 
them directly, these ideas have shaped our think-
ing in this chapter.

We have found in our research that the rele-
vant multispecies literature and ontologies stud-
ies on Canadian mountain regions is linguistically 
and geographically limited. References to multi-
species work in French language scholarship are 
scarce. Moreover, most English language schol-
arship focuses on mountains in western Canada 
(British Columbia and Alberta) and northern 
Canada (Yukon and Northwest Territories). We 
found few studies relevant to the Atlantic Mari-
time and Boreal Shield, Eastern Subarctic, Arctic 
Cordillera, and Interior Hills regions. Through-
out this chapter, ontology studies have been pro-
ductive for illustrating and understanding how 
mountain Homelands bypass and exceed ways 
of being in the world built on a divide between 
nature and culture. However, pertinent literature 
on cultural landscapes, spirits, deities, narratives, 
and beliefs about or involving mountains in Can-
ada remains limited. What is available focuses 
on northern and western Canada, and on Indig-
enous ways of knowing and being in mountains. 
We believe there is an opportunity to expand 
both the geographical scope and cultural scope of 
this body of scholarship to include investigations 
concerned with Interior, eastern Arctic, subarc-
tic areas, and Maritime mountain regions and 
with non-Indigenous ontological relationships 
to mountains understood as one of many ways of 
perceiving and acting in the world, rather than 
assumed to be a “given” or “normal” way.

This chapter begins by considering the ways 
that mountain Homelands are constituted as 

more than human geographies through stories 
about the creation of mountains and their fea-
tures (Sec. 3.2.1). We then consider how mountain 
Homelands are understood and experienced as 
places of spirit (Sec. 3.2.2). These two sections 
help illustrate what we mean when we state 
that mountain Homelands are more than just 
landscape—they are lively and spiritual places. 
We then turn to the formative role that place 
names play in building and maintaining moun-
tain Homelands (Sec. 3.2.3) before assessing the 
role archaeology has played in establishing the 
longevity of mountain Homelands (Sec. 3.3). 
Multispecies literature on human-animal rela-
tions (Sec. 3.4.1) and human-plant relations (Sec. 
3.4.2) make up the next two sections, which help 
establish the groundwork for understanding 
the historical and ongoing changes in the land 
wrought by settler-colonialism (Sec. 3.5). This is 
examined through scholarly work on early forms 
of colonialism (Sec.  3.5.1), the mobilisation of 
science (Sec. 3.6.2), and treaties and private land 
(Sec. 3.5.3). Parks and protected areas have had 
far-reaching impacts in shaping mountains in 
Canada (Sec. 3.5.4). We then look at the literature 
on how recreation (Sec. 3.6) and labour (Sec. 3.7) 
shape mountain places and the people who use 
them before turning to that on governance sys-
tems as formative forces in mountain regions 
(Sec. 3.8). The chapter concludes with an assess-
ment of the state of knowledge about Homelands 
and homes. Briefly, we highlight opportunities 
for better understanding of mountain homes and 
Homelands outside of the Boreal Cordillera, Mon-
tane Cordillera, and Pacific Maritime regions of 
western Canada, call for more nuanced studies of 
Indigenous resistance and perpetuity on moun-
tain Homelands, and encourage more scholarly 
attention to be paid to intersectional experiences 
of mountain places that attend to the ways race, 
gender, and class can shape mountain places and 
experiences of them.

3.2 Stories of Homelands

3.2.1 Stories of creation

Indigenous creation stories can provide insight 
into the origins of mountains and describe the 
Land in ways that show it to be more than phys-
ical, but rather a place of knowledge, memory, 
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and spirit, and equally home to non-human kin. 
There are many different creation stories that tell 
of how mountains came to be and we cannot doc-
ument them all here. We will confine ourselves to 
a selection of illustrative examples, inviting read-
ers to look further at Blackfoot (Bastien 8–9) and 
Ktunaxa creation stories among others.1

There is a story told by Ronnie Georgekish 
(Eastern Cree) about a mountain that was formed 
and shaped by a cooking pot that a giant dropped 
on the land after being killed by a Shaman (G. Reid 
et al., 2020). Dogrib oral traditions from along the 
Idaa Trail in the Northwest Territories (Interior 
Hills West mountain region) relate the formative 
agency of a mountain, Kwe?ehdoo, also known 
as “blood rock.” Kwe?ehdoo is described as an 
old man with psychic abilities (Andrews & Zoe, 
1997). Gille (2012) reports that for Coast Salish 
Peoples, the rocks, animals, and all non-humans, 
including mountains, are ancestors whose form 
was stabilised by a Transformer (beings of myth-
ical time, often half-human, half-animal) named 
Khaals. Similarly for Cheam Peak, in the south-
west Coastal Mountains of the Pacific Maritime 
region near Chilliwack: the mountain’s three 
peak structure suggests, as the stories tell, that 
the Transformer petrified a giant woman and 
her three children there (Gille, 2012). The litera-
ture documenting stories such as these illustrate 
conceptions of mountains as storied, social, spir-
itual and living Land—much more than scenic 
landscape or the two-dimensional topography 
of cartographic maps. Much of this literature 
was written by non-Indigenous scholars who 
collaborated with Indigenous Knowledge Hold-
ers. The nature of the collaboration was unclear 
in many cases. The literature focuses on western 
and northern mountain regions, inviting further 
studies into creation stories about mountains in 
eastern regions.

3.2.2 Stories of mountain spirits 

Studies of Indigenous understandings of Cana-
dian mountain places describe mountain spirits. 
This literature further emphasises the ways in 
which mountain Homelands are more than mere 

1 See, for instance, legendsofamerica.com/na-
blackfootcreation/ and https://www.ktunaxa.org/
who-we-are/creation-story/. 

topography. For instance (Heyes, 2011), consid-
ers how an Inuit community in northern Quebec 
believes the Torngat spirit resides in the Torn-
gat mountains and has for over one thousand 
years. Peter Freuchen, who was part of the Fifth 
Thule Expedition from 1921–1924, noted the be-
haviour of “Eskimo [sic] dogs” and how they bark 
at the mountain spirits (Freuchen 1935:181f as 
cited in (Laugrand & Oosten, 2002). E. Duchesne 
and Crépeau (2020, p. 72) and (Duchesne, 2022) 
describe how the ethnographic literature on 
Algonquin culture demonstrates how master- 
entities—beings who control and protect the an-
imals—are organised hierarchically according to 
different domains. Among the Innu, Papakassiku, 
the master of the caribou, occupies a similarly pre-
eminent position. The master of the caribou lives 
on a mountain called Atiku-mitshuap (the dwell-
ing of the caribou) in which the caribou are con-
tained as well as the masters of other species. It is 
from this mountain that the caribou are released 
and given to the hunters. Mountain spirits are de-
scribed in the oral histories of many Indigenous 
traditions, mediating people’s relationships with 
mountain places and offering protection. Elder 
and Learning Circle participant and Elder Pnnal 
Bernard Jerome, of the Micmacs of Gesgapegiag, 
shared a story of the Little People, tricksters and 
protectors who dwell high on a peak in the Chic-
Choc mountains and warn the Micmac People if 
strangers are coming to their territory (LC 3.8). 

In western Canada, too, mountains serve as 
spiritual places. Chief John Snow tells of the 
Stoney Nakoda practice of going on a vision quest, 
a journey into “the rugged mountains, seeking 
wisdom and divine guidance” (2005, p. 16). People 
prepared for these journeys in ceremonial lodges 
on the plains, thereby linking through prac-
tice the lowland and highland Homelands of the 
Stoney Nakoda. Hayden Melting Tallow (Siksika 
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Nation, Blackfoot Confederacy) spoke poignantly 
at the CMA Learning Circle about Blackfoot sacred 
mountain sites. “Waterton Lakes,” he said, “those 
mountains there, are very sacred.” He continued, 
“we’ve been cut off from there, relegated to the 
reserve” (LC 3.9) In The Story of the Blackfoot People: 
Niitsitapiisinni, a story is related about the Wa-
terton Lakes area in which a boy named Scabby-
Round-Robe was given powers and sacred objects 
that he kept in Beaver Bundles by Old Man Bea-
ver (The Blackfoot Gallery Committee, 2013, pp. 
22–23). Bastien (2004) is another source of infor-
mation for learning about Blackfoot relations to 
their mountain Homelands and their understand-
ing of land relations. 

It is worth noting that mountains may not be 
sacred sites for all Indigenous groups who live 
near them. Even for those for whom mountains 
are spiritual, it may be that such stories are not 
appropriate for general circulation. While far 
from comprehensive, at the very least, those 
documented in the literature and shared by In-
digenous Knowledge Holders reveal mountains 
as much more than just rocks, water, plants, and 
animals. While acknowledging that not all stories 
may be shared in published venues, we believe 
nonetheless that there is a room for scholarship 
that goes beyond documenting the spirituality 
of mountain Homelands and investigates how 
sacred mountain places have been altered or in-
tersected with other forces in Canadian society. 
For instance, in Unama’ki (Cape Breton Island, 
Atlantic Maritime and Boreal Shield region), the 
mountains are sacred sites for the Mi’kmaq. As 

Mackenzie and Dalby (Mackenzie & Dalby, 2003) 
show, this fuelled opposition to a proposed super- 
quarry on an island with complex histories of 
community, nature, and culture. More studies of 
this kind, which probe the ways sacred sites have 
been desecrated and may fuel Indigenous resis-
tance, should also be a scholarly focus. 

We also note that, aside from important gen-
eral studies (Bernbaum, 1997, 2006), we found 
very little scholarly work on the ways that non- 
Indigenous people experience mountains as spir-
itual or religious places. Studies of Mary Schäffer 
and Mary Vaux note the important role that 
Quaker beliefs played in their experience of the 
Rocky Mountains and nature (Cavell, 1983; M. G. 
Jones, 2015; Skidmore, 2017). More generally, 
Christianity was a prominent feature of Victo-
rians’ experiences of nature and what they per-
ceived as wilderness (Berger, 1983). We also note 
that mountains as spiritual places is a prominent 
theme in much mountaineering literature (Tabei, 
2017). Further, as we will see in Sec. 3.6, there 
is a grey literature that covers spiritual experi-
ences of mountain professionals. Nevertheless, 
it seems that critical scholarly work on exactly 
how senses of spirituality or religious practices 
of non-Indigenous people shape mountain places 
and how they are experienced in the Canadian 
context would benefit our understanding of 
mountains as home.

3.2.3 Mountain place names

The stories and names given to mountains by In-
digenous Peoples are important for delineating 
and maintaining Homelands. On the second day 
of the CMA Learning Circle meeting, Gùdia Mary 
Jane Johnson (Lhu’  ààn Mân Ku Dań) shared songs 
about her Homeland that showed how knowledge 
of mountain places in her people’s Traditional 
Territory is embedded in language, story, and 
song (LC 3.10). 

Indigenous place names, as scholars such as 
Keith Basso (1996) have noted, are more than just 
nominal labels: they describe places and embed 
them in rich cultural geographies imbued with 
history, memory, and the knowledge required 
to live on the land. For instance, Cruikshank’s 
(1998, 2005, 2007) relating of stories about gla-
ciers and the names of places around the Saint 
Elias Mountains demonstrates how Southern 
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Tutchone communities are tied to mountains 
through their cultural history and stories. Thorn-
ton (2019) describes how Tlingit place names 
form an important element of their social life. 
They referred to a prominent peak on the BC-
Alaska border as Waas’eita Shaa or Yaas’eita Shaa 
(Mount Saint Elias), meaning “Mountain at the 
Head of the Icy Bay” (Cruikshank, 1991; Thorn-
ton, 1997). The importance of place names is 
more than just historical. Yaas’eita Shaa’s name 
locates the mountain within a lived-in geogra-
phy that contains information about the land 
and thus continually reinforces connections to it. 
The Tahltan refer to a particular peak as “Stingy 
Mountain.” This designation originates from 
hunters who report seeing animals on the moun-
tain while others do not; it is stingy because it 
provides food to only some hunters. McIlwraith 
(2012) discusses Talhtan meanings of place and 
connections to the land as reasons for why their 
hunting camps, at least one of which is on the side 
of a mountain, cannot be moved.

Based on fieldwork conducted in the Algon-
quin community of Kitcisakik in the Abitibi- 
Témiscamingue region of Quebec, Leroux (2003) 
reports several stories of local summits in oral 
traditions. One of which refers to Nanipawi Pok-
watina, a summit which, Leroux conjectures, 
corresponds to Mont Chaudron/Mount Cheminis. 
While the mountain does not play an active role 
in the narrative, which centres on Northern Pike, 
its name, Nanipawi Pokwatina, which translates 
as “staying awake,” alludes to a key episode in the 
story. According to Leroux (2003), the episode in-
corporates important elements of Algonquin filial 
relations.

The names given to mountain places by First 
Nations, Métis, and Inuit Peoples in Canada illu-
minate how meaning is inscribed onto the land 
through language and living, provide information 
about how to live well on that land, and articulate 
the long-standing historical presence of Indige-
nous Peoples in the mountains. The inscription of 
non-Indigenous names overtop Homelands with 
their own typonomies (geographies of names) 
was and remains a way of asserting colonial 
presence upon a place through non-Indigenous 
geographic and historical understandings (Rob-
inson & Slemon, 2015). 

There is some documentation and circulation 
of Indigenous place names for mountain regions 

in Canada, such as the Stó:ló-Coast Salish Histor-
ical Atlas (Carlson et al., 2006), which details the 
15,000-year history and territory of the Sto:lo, 
upon which settlers would erect the cities of Van-
couver, Chilliwack, and other communities. But 
this level of detailed historical and geographi-
cal knowledge of Indigenous place names is not 
always achievable. As Fromhold (2010, pp. 1–3) 
notes in the introduction to 2001 Indian Place Names, 
not all traditional place names were known by all 
Peoples, different tribes knew different names for 
the same place, or the same name could apply to 
different places among Peoples who did not have 
much contact with one another. The use of slang, 
difference in word use between men and women, 
and errors of translation when documenting 
place names bring additional hurdles to collect-
ing this knowledge (Fromhold, 2010).

Indigenous place name knowledge may be suc-
cessfully gathered and yet still difficult to access. 
For instance, there is a book about Stoney Nakoda 
place names for areas around Morley, Eden Valley, 
and Kananaskis: Ozade Mnotha Wapta Makochi: 
Stoney Place Names, by the Chiniki Research Team 
and the Stoney Elders for the Chiniki Band Coun-
cil. This resource, made in the 1980s, is difficult 
to access. The only copy we know of is held at the 
Archives of the Whyte Museum of the Canadian 
Rockies. Yet, it contains knowledge of the land, 
such as the location of blue soil for painting and 
decorating (1980, p. 65). The Ktunaxa, Cree, and 
Blackfoot also have typonomies that cover these 
mountain regions, of which we learn some from 
Hart (1999), who states that the Ktunaxa also used 
ochre from the Paint Pots which they would con-
vert into a red oxide to trade with the Blackfoot 
(1999, p. 62).2 

While we recognize that not all place names 
should be shared, for those names that may be 
more widely circulated, there remain difficulties in 
finding and translating knowledge. Nevertheless, 

2 Note that we treat this text gingerly. Although it 
contains much historical information, it was written 
in a style that uses group psychological descriptions 
such as “particularly aggressive” or “ferocious” to 
explain the actions of certain Indigenous Peoples, 
rather than seeking to understand the reasons behind 
conflicts and rivalries. We are thus careful in our 
selection of material and do not endorse this as a 
quality interpretive text.
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when Indigenous place names are available to 
be shared, they can be used effectively on mul-
tilingual signage, such as that on the Sea-to-Sky 
Highway running from Vancouver to Whistler, to 
remind non-Indigenous people that they are in 
Indigenous Homelands and to “re-story” the land.

3.2.4 Summary: Stories of Homelands

In stories of how mountains were created, stories 
of spirits in the mountains, and through place 
names, we see land revealed as sentient and active, 
and as part of a social order. Turner and Clifton 
(2009) note how members of the Gitga’at (Coast 
Tsimshian) and neighbouring communities be-
lieve pointing at a mountain or mountain range 
shows disrespect and will therefore cause storms 
and bad weather. Similarly, Nadasdy (2021) dis-
cusses how mountains in the Yukon are perceived 
as sentient beings, part of the natural landscape, 
and possessing unique personalities. These ideas 
of mountain sentience and their social signifi-
cance are discussed in Julie Cruikshank’s (2005, 
2012) work, where she relates how glaciers and 
mountains in Southern Tutchone territory are 
perceived as sentient entities, “shape-shifters of 
magnificent power” demanding respect, abhor-
ring hubris, who will respond when provoked 
(2005, p. 69). These stories demonstrate the spir-
ituality, agency, and sentience of non-human 
mountain denizens such as glaciers, underlying 
the need for reverence and respect for Homelands. 

The already-noted geographical emphasis on 
the west and northwest characterises much of 
the literature on these topics, and we observed a 
difficulty in accessing information that was docu-
mented. Given what we found, we judge that there 
is room for scholarly work that goes beyond docu-
menting and instead investigates how Indigenous 
stories, place names, and spiritual Lands intersect 
with colonial structures in specific cases. Such 
work could be mobilised in Indigenous efforts to 
protect their lands and lives and promote greater 
knowledge of complex land relations in mountain 
regions of Canada (see Sec. 3.4.1).

3.3 Mountain Archaeology and the 
Longevity of Homelands

Mountains have long been significant features 
for Indigenous Peoples world-wide (Bernbaum, 

2006; Reimer, 2011, 2018; Reinhard & Ceruti, 
2010; Ruru, 2004). As described in Sec. 2.1.4, sci-
entific understandings of human migration pat-
terns into North America after the Last Glacial 
Maximum emphasize the importance of moun-
tain corridors. In the past, mountains were inte-
gral to the daily lives of Indigenous Peoples, as 
travel and trade corridors, areas for procuring 
resources such as ochre and medicines, and spir-
itual places (Pitblado, 2017; Reimer, 2011; Todd, 
2015). In Canada, the material evidence of this 
is found archaeologically in the form of short-
term habitation sites, lithic scatters (stone tools 
and the debris from their manufacture), resource 
processing sites, and, more recently, Ancestral re-
mains and organic material culture (e.g., clothing, 
bows, arrows, etc.) that typically decays at lower 
elevations (Dixon et al., 2014; Hebda et al., 2017; 
Reimer, 2003, 2014, 2018). Despite the richness 
of the archaeological record in high-elevation 
places across North America generally, with some 
exceptions (Fladmark, 1984; Reeves & Dormaar, 
1972), it is only since the late 1990s that focus 
has moved upwards from the lowland areas along 
coastal shorelines and the lower reaches of river 
systems where the remains of large ancestral set-
tlements are typically located (Sullivan & Prez-
zano, 2001). It is only since the late 1990s that 
archaeological focus has truly moved upwards. 
This relatively recent emphasis in archaeologi-
cal research has produced a new sub-discipline— 
glacial archaeology (Andrews & MacKay, 2012; 
Dixon et al., 2014; Helwig et al., 2021; Lee, 2012; 
Pilø et al., 2021; Thomas & MacKay, 2012)—which, 
in many ways, is a response to a rapidly changing 
climate causing widespread glacial recession and 
permafrost thaw, both of which are revealing an 
ancient human presence previously unrecognised 
by archaeologists. 

Many descendant First Nation Communities’ 
oral histories record their ancestral use of moun-
tains and glaciers (Champagne and Aishihik First 
Nations et al., 2017; Cruikshank, 2005; Kennedy 
& Bouchard, 2010; Reimer, 2003; Teit, 1906). Ar-
chaeology complements these histories, most 
commonly through toolstone provenance studies 
that seek to connect lithic artefacts found at ar-
chaeological sites to toolstone sources (Conolloy 
et al., 2015; Kendall & MacDonald, 2015; Mieren-
dorf & Baldwin, 2015; Reimer, 2014; Rorabaugh & 
McNabb, 2014). This partnership of Indigenous 
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culture and science was most dramatically demon-
strated following the discovery of the frozen 
remains of a young adult male eroding out of a 
glacier at approximately 1600 m above sea level 
in the Tatshenshini-Alsek Provincial Park, British 
Columbia (Hebda et al., 2017). The individual was 
given the name Kwäday Dän Tsʼìnchi, a South-
ern Tutchone phrase meaning “long ago person 
found.” Through various analyses, Kwäday Dän 
Tsʼìnchi was determined to have spent most of his 
life on the coast but during his last months had 
been living inland (Corr et al., n.d.; Dickson et al., 
2014; Hebda et al., 2017). He was about 20 years 
old when he died while travelling from the coast 
to the interior sometime between CE 1670 and 
CE 1850 (Richards et al., 2007). Through an agree-
ment with First Nations representatives, a DNA 
analysis was conducted on Kwäday Dän Tsʼìnchi 
and more than 200 volunteers from the Cham-
pagne and Aishihik First Nations, the results of 
which showed that he was related through the 
maternal line to 17 living members of the com-
munity (Greer et al., 2017). 

The discovery and subsequent analyses of 
Kwäday Dän Tsʼìnchi exemplify the importance 
of high-elevation places for Indigenous Peoples of 
Canada. He connected past and present and an-
chored his descendants to the high and low places 
of their Traditional Territories. As alpine glaciers 
continue to recede, it is certain that more evidence 
of the deep relationship that Indigenous Peoples 
had, and continue to have, with high elevation 
places will come to light and serve to enrich our 
understanding of mountains in Canada beyond 
consideration as sites of resource extraction and 
alpine sports.

Archaeology also provides insights into In-
digenous Peoples’ long-standing multispecies 
relationships with mountains in Canada. Reeves 
(1978) found archaeological evidence of bison 
killing amongst communities in the southwest 
Alberta Rocky Mountains between 10,000–8000 
years ago, and Zedeño (2017) describes bison 
hunters and the Rocky Mountains as having a 
historical partnership. Driver (1982) provides 
archaeological evidence showing that bighorn 
sheep were also hunted in the southeastern Rock-
ies around 8500 years ago. Allan (2018) presents 
evidence of Hummingbird Creek archaeological 
site’s significance as a specialised hunting camp 
used by the Stoney Nakoda on the eastern slopes 

of the Rocky Mountains approximately 2500–
1000 years ago. The site was used to plan hunts 
into areas with known animal presence (Allan, 
2018). Archaeological evidence dating back 8000 
years ago indicates Indigenous caribou hunting 
took place in southern Yukon alpine ice patches 
(Greer & Strand, 2012; Hare et al., 2004). The avail-
able archaeological evidence, then, demonstrates 
vital relationships with animals in mountains in 
Canada. Animals were killed and consumed to 
sustain life in mountainous regions. The move-
ments and population fluctuations of animals 
influenced humans’ movements within mountain 
Homelands and their lowland counterparts, illus-
trating the power and agency of animals in these 
long-standing relationships.

As of 2011, there were more than 2000 known 
archaeological sites in the mountain national 
parks alone (Langemann, 2011, p. 304). These sites 
are revealing mountains as cultural crossroads 
since time immemorial. However, here, as else-
where, we noticed a tendency for the literature to 
gravitate westward; archaeology of non-western 
mountain regions could be better represented. 
Moreover, as Hayden Melting Tallow (Siksika 
Nation, Blackfoot Confederacy) reminds us, the 
value of archaeology is specific. The Blackfoot do 
not have burial sites in the mountains because 
they do not bury their dead. “But if there was 
gravesites, if we dug up Mother Earth and buried 
our people,” he said, “there would be a lot of 
change, we could claim that” (LC 3.11). While ar-
chaeology can aid land claims and access for many, 
it cannot be the only basis upon which such work 
is established. Given the state of the literature, we 
believe there is opportunity for scholarly efforts 
to improve our understanding of how archaeol-
ogy in mountain places is conditioned by histor-
ical cultural practices, and by land use. Studies 
that investigate what it is possible to know about 

Hayden Melting Tallow, Siksika Nation, 
Blackfoot Confederacy, 2022, LC 3.11
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mountain archaeology, given constraints such as 
difficult terrain, private land ownership, or by 
the materials used by specific mountain-dwelling 
communities would be welcome additions.

3.4 Multispecies Literature

3.4.1 Human-animal relationships 
in mountains

Literature discussing human and animal relation-
ships in mountains in Canada tends to focus on 
Indigenous Peoples and highlights the impor-
tance of animals to how they create, know, and 
move about their mountain Homelands. Johnson 
(2010) explains how hunters in mountain regions 
look for mineral licks, as these are frequented by 
moose, mountain sheep, goats, caribou, and other 
species. The caribou is significant to many, but 
not all, Indigenous communities that call moun-
tains Homelands. Wray and Parlee (2013) note 
the ways in which the Teel’it Gwich’in hunt and 
respect caribou living in and near the Richardson 
and Ogilvie Mountains in Yukon, while Johnson 
(2010) describes the path and presence of cari-
bou herds in this region. Homelands, according to 
Indigenous Knowledge Holder Leon Andrew (Nȩ 
K’ǝ Dene Ts’įli), are shaped by the paths traced 
through them by human and non-human alike. 
“You mention bear,” he said, “they’ve got their 
own markings everywhere. And my people always 
respect that, you know, that’s their territory, 

they’ve got their own Homeland to protect”  
(LC 3.12). 

Relationships with animals are constitutive 
of Homelands. Goota Desmarais (Inuit, Kinngat, 
Nunavut), shared her childhood experiences of 
her summer home in the mountains and the vari-
ety of generative relationships she and her com-
munity had with the animals on the land: birds 
that chased her off mountain tops, geese that 
provided eggs for eating (LC 3.13). The work of 
Daniel Clément (1995; 2012), based on extensive 
fieldwork conducted among the Innu of north-
eastern Québec (Côte-Nord), provides information 
on the relationships between human communi-
ties and the local fauna. In the Innu context, ani-
mals are prominent in stories and oral narratives, 
and they are central to how people engage with 
the environment (Clement, 1995; Clément, 2012). 
Clément’s work showcases Innu knowledge of an-
imals. In particular, the volume “Le bestiaire innu,” 
organised into 20 chapters, each covering a spe-
cies, reports a rich terminology concerning not 
only animals, but also their movements, and the 
component parts of their bodies (Clément, 2012). 

Other species are singled out in the literature 
as culturally important to First Nations, Métis, 
and Inuit Peoples and illustrative of the ways 
that Homelands are created and maintained in 
conjunction with other creatures. Bighorn Sheep 
(Ovis canadensis), for instance, are a critical part 
of the cultural landscape for the Coast Salish 
of British Columbia; and the Kluane Peoples in 
southwest Yukon have extensive knowledge of 
Dall Sheep (Ovis dalli dalli) (Cross, 1996; Nadasdy, 
2003). Wolverine (Gulo gulo) are described by Dene 
and Métis trappers in the Northwest Territories 
as admirable, strong creatures but also as danger-
ous tricksters and thieves (Bonamy et al., 2020). 
Johnson (2010) relates a story in which an Elder 
saved two sisters from a wolverine, and its bones 
remain buried atop a mountain in the Cassiar 
region of British Columbia (Montane Cordillera). 

Perhaps unsurprisingly, given their importance 
to many Indigenous cultures and charismatic 
appeal across non-Indigenous cultures, bears are 
prominent in the multispecies literature. Entan-
glements with bears go back generations; Henson 
et al. (2021) have found correlations among the 
genetics of grizzly bear populations and Indig-
enous language groups along the coasts of BC. 

Leon Andrew,  
Nȩ K’ǝ Dene Ts’įli,  

2022, LC 3.12

Goota Desmarais, Inuit, 
Kinngat, Nunavut,  

2022, LC 3.13
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Clark and Slocombe (2011) examined the Indig-
enous terminology, stories, rituals, and practices 
of respect and reciprocity towards bears in the 
southwestern Yukon. Spiritual significance can 
motivate action. For the Ktunaxa First Nation in 
the Kootenay region, BC, the spirit of the grizzly 
bear residing in Qat’muk fuelled a fight against 
the development of a ski resort on the Jumbo Gla-
cier that went to the highest court in the nation 
(“Ktunaxa and Qat’muk,” 2015) (see Sec. 3.5.3). 
Grizzly bears, D.A. Clark and others (2021) find, are 
central to the livelihoods and cultural identities 
of several Indigenous Peoples in British Colum-
bia, including the Haí~Izaqv (Heiltsuk), Kitasoo/
Xai’xais, and Nuxalk First Nations. Relations with 
polar bears are at the heart of Torngat National 
Park where Innu guides and bear-monitors are 
the backbone of the park’s tourist industry (Le-
melin & Maher, 2009). 

Bear-human relationships are also examined in 
non-Indigenous contexts. Skiers’ encounters with 
grizzly bears in the mountains of British Columbia 
were studied by Stoddart (2011b). The experi-
ences of Charlie Russell, an Alberta naturalist and 
wildlife photographer, have been examined as 
forging relationships with bears that teach trust, 
love, and respect for others (Bradshaw, 2020). 
While Charlie’s experiences are well-known, 
those of his then partner, Maureen Enns, are not. 
Enns also cultivated an intimate, empathetic un-
derstanding of mountain grizzlies and produced 
art that sought to gaze through the “Eyes of the 
Bear” (D. Thomas & Enns, 1995). This imbalance 
in the record suggests that there is room for anal-
yses of the ways that gender inflects relations 
with other animals, and how those relations are 
remembered or not. 

More broadly, human-bear relations may illus-
trate how multispecies relations can be shaped by 
economics, media, and conservation. This is sug-
gested in the case of Boo,3 an orphaned grizzly 
bear on Kicking Horse Mountain in south-central 
British Columbia. Boo is both a protected animal 
who lives in a 8 hectare refuge on the mountain, 
and a social media star inadvertently advertising 
for Kicking Horse Mountain Resort. Boo’s situ-
ation, and the lack of studies we found treating 

3 https://kickinghorseresort.com/purchase/
boo-grizzly-bear/ 

the complexities of human-animal relations in 
relation to commodification and social media, 
suggests an opportunity for more studies exam-
ining the overlapping and sometimes competing 
narratives that human-animal relations can take 
in the mountains.

Charismatic mammals are generally well  
covered in the multispecies literature. Salmon, 
although of cultural, spiritual, and economic im-
portance for Indigenous Peoples in both the east 
and west, including but not only the Ktunaxa, 
Secwempc, and Mi’kmaq, are less well repre-
sented in that body of literature. However, there 
is a growing literature on the role that Indigenous 
knowledges and practices ought to play in the 
management of salmon fisheries (Adams et al., 
2021; Atlas et al., 2021; Massey et al., 2021; Taylor 
III, 1999). We know from Yan Tapp (Gespeg First 
Nation) that salmon is critical to the Mi’kmaq on 
the East Coast and ties into land access issues for 
which the Gespeg First Nation have been fight-
ing for years (LC 3.14). However, we found fewer 
studies of salmon on the East Coast than the more 
studied West Coast.

Given our research, we believe that there may 
be an opportunity to apply a multi-species eth-
nographic lens (as opposed to, for instance, an 
ecological or biological lens) to investigate rela-
tions among animal species without applying a 
human versus non-human dichotomy. In many 
Indigenous traditions, people and animals of 
ancient times have been understood as belong-
ing to the same domain, rather than relegated 
to separate ontological categories. For instance, 
people and animals may be indistinguishable or 
change between forms, with non-human animals 
sometimes described as people wearing animal 
clothing (Brightman, 1993; Hanna & Henry, 1996). 
Thus, multi-species ethnographies in which 

Yan Tapp, Gespeg First Nation, 2022, LC 3.14 
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humans are distinguished from animals may un-
necessarily promote a culture-nature dichotomy 
which constrains the scope of inquiry. 

3.4.2 Human-plant relationships 
in mountains

The literature describing people-plant interac-
tions in mountains in Canada captures well how 
knowledge of plants can shape how people move 
through and shape mountain places. According to 
Taylor and Pacini-Ketchabaw (2017) and Pacini- 
Ketchabaw and Taylor (2015), in mountain forests 
people develop intimate knowledge of plants. 
Northwestern boreal montane forests (Taiga 
Cordillera and Boreal Cordillera regions) have 
been historically and contemporarily import-
ant habitats for Indigenous Peoples such as the 
Dene, Wisuwet’en (Wet’suwet’en) and Gitksan/
Gitxsan to collect culturally important botanical 
specimens for subsistence and medicinal uses 
(Johnson, 2006, 2008; Joseph et al., 2022; Turner, 
1988; Turner et al., 2011; Turner & Clifton, 2009; 
Uprety et al., 2012). Mountain huckleberries (Vac-
cinium membranaceum) receive special treatment 
in the literature and are known for their suste-
nance value year-round (Johnson, 2010; Shelvey 
& Boyd, 2000; Trusler & Johnson, 2008), and sev-
eral sources note how Indigenous groups burn 
huckleberry patches in autumn to improve their 
production and predictability (Shelvey & Boyd, 
2000; Trusler & Johnson, 2008; Turner et al., 2011). 
One of our authors, Dawn Saunders Dahl, has 
been developing a seasonal tea walk at the Whyte 
Museum of the Canadian Rockies that seeks to 
show how knowledge of plants is a knowledge of 
land and movement through it. In consultation 
with Ktunaxa and Stoney Nakoda Elders, she has 
learned that wolf willow, berries of various hues, 
including silver and red-orange, and prairie tur-
nips are used for tea and for making jewellery.

Overall, the multispecies literature we con-
sidered reveals how relations among humans, 
animals, and plants create meaningful connec-
tions across species that shape how mountain 
places are experienced and known as Homelands 
and homes. Generally speaking, there tends to 
be a northern and western geographical focus, 
and critical masses of literature around certain 
species or types, which opens possibilities for 

geographical and topical extensions by other 
scholars and knowers.

3.5 Changes to Mountain Homelands

The coming of non-Indigenous people to moun-
tain regions, and their encounters with those 
who lived there (human and otherwise), catalysed 
massive rearrangements of relations. Certainly, 
Indigenous Peoples had always altered their 
Homelands through daily, seasonal, and non- 
regular practices, such as prescribed burning. 
However, the changes brought by the coming of 
non-Indigenous people modified relationships on 
new geographical and temporal scales. These re-
arrangements persist today, though contested by 
many Indigenous communities. They are discern-
ible in the ways that mountains are represented 
in science and art, reflected in built environ-
ments, engaged within mountain recreation, and 
often fossilised and reinforced in the legislation 
governing their use. The effects of these changes 
and how they have been refused, resisted, and 
appropriated for their own purposes by First Na-
tions, Métis, and Inuit Peoples throughout the 
mountain regions of Canada are the concern of 
the next four sections.

3.5.1 Early colonial presence

Colonialism in Canada did not take a single form. 
The extractive colonialism of the 16th, 17th, and 
18th centuries (e.g., the cod fishery and fur trade) 
was soon joined by missionary colonialism, and 
then settler colonialism. Whereas fur traders 
were primarily focused on the business of the fur 
trade, and missionaries on “saving souls,” settlers 
arrived seeking land. It is important to remem-
ber that the hallmark of settler colonialism was 
the replacement of Indigenous populations with 
non-Indigenous ones. How each of these forms 
of colonialism arrived and how they played out 
differed across mountain regions. We do not have 
the expertise or space to describe the details for 
all mountain regions. However, a brief discussion 
of early colonial presence in what is now British 
Columbia can provide a sense of the major forces 
and players at work. Even within the context of 
the western mountains of the Boreal Cordillera, 
Montane Cordillera, and Pacific Maritime regions, 
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colonial influences reached different areas in dif-
ferent ways at different times.

Europeans reached the coast of what is now 
British Columbia in the late-18th century, almost 
three hundred years since they had arrived in 
the east (Harris, 2008, p. 416). They did so by 
two routes: the Pacific Coast, with early arrivals 
coming from present-day Russia, Spain, and Brit-
ain, and overland as an extension of the fur trade 
by way of the northern Cordillera and the Peace 
River. Yet, through the long arm of disease, ef-
fects of their presence in eastern North America 
preceded the actual coming of European individ-
uals. After crossing the Rocky Mountains in 1811, 
geographer David Thompson met the Ktunaxa 
who had been subject to at least two small-
pox epidemics late in the preceding century; a 
common experience on the west coast and Haida 
Gwaii (Harris, 2008, p. 418). Early colonial pres-
ence was violent and shaped by the movement of 
capital dictated by both distant markets and on-
the-ground encounters with Indigenous Peoples 
and the presumed “resources” (Harris, 1996, pp. 
32–33, 2008, p. 421). Indigenous people responded 
to the new economic opportunities and concomi-
tant disruption of trading patterns and alliances. 
They bargained with newcomers to their advan-
tage and countered aggression with aggression. 
The mountains and their distance from eastern 
metropolises (the North West Company and the 
Hudson’s Bay Company, which merged in 1821, 
were based in Montréal and London respectively) 
made colonial administration virtually impos-
sible (Harris, 2008, p. 423). For most of the first 
half of the 19th century, fur traders operated 
largely beyond the reach of British law (Harris, 
1996, p. 34). Only later, with settlement by non- 
Indigenous peoples, did a locally specialised ver-
sion of British law emerge.

By 1850, despite the establishment of several 
colonies of varying size, most people in what 
would become British Columbia were Indige-
nous (Harris, 2008, p. 428). Settler incursion did 
not begin in earnest until after the 1846 Oregon 
Treaty which settled the southern border with 
the United States. After this point, European- 
Indigenous relations became more land-based. 
Settlers assumed that their notions of private 
property and British common law applied uni-
versally, though there was initially little colonial 

oversight to enforce it (Harris, 2008, p. 437). In 
1858, a gold rush brought miners with experience 
from the California rush of 1849 into the Fraser 
Valley, flooding what had been a colonial econ-
omy that was diversifying into forestry, mining, 
and agriculture but still based largely in the fur 
trade (Mackie, 1997). The virtually unregulated 
placer mining wreaked havoc on the waterways 
and hillsides and introduced brutal paramilitar-
ies against Indigenous Peoples who contested the 
miners’ assurance that they were free to extract 
gold however and wherever they pleased (Harris, 
2008, pp. 432–433).

In the context of what would become the 
colony and later province of British Columbia we 
can see that early colonial incursions by Euro-
peans and Euro-Canadians were, in part, shaped 
by the ruggedness of mountain geographies and 
their distance from eastern centres of colonial 
administration. Although many populations were 
lessened by earlier attacks of diseases such as 
smallpox, First Nations Peoples were numerous 
in comparison and effectively manoeuvred evolv-
ing economic and geopolitical situations. Not 
everyone did so in the same way or to the same 
degree, which generated new social and eco-
nomic practices within Indigenous communities 
(Harris, 2008, p. 422). Even when settler projects 
sought inroads to the western ranges, these fac-
tors continued to inhibit colonists’ goals. Their 
ideas about what these mountain spaces ought 
to be were resisted by geography and the people 
who lived there. We might, then, see this as evi-
dence for geographer Cole Harris’ assertion that 
the settler colonial project in Canada has been a 
“bounded” one in which the geographical reach 
of settler colonialism has, in fact, been quite lim-
ited (Harris, 2021, p. 10).

There is undoubtedly much more literature 
dealing with the ways that early colonial pres-
ence in mountain regions altered the relations 
that constitute mountain Homelands and gener-
ated new mountain homes for non-Indigenous 
people. Hart (1999, pp. 7–69) contains informa-
tion about this period for the Rocky Mountains 
but, as noted above, it is a work that we treat 
cautiously for its tendency toward casual judge-
ment of individuals and peoples as “ferocious” or 
“amazing.” Additionally, (Murphy & MacLaren, 
2007) offers a selection of articles dealing with 
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the fur trade, homesteading, and early colonial 
exploration and art in the Athabasca River wa-
tershed. Detailed studies about specific mountain 
regions during early colonial incursions were not 
captured by the systematic review process, and 
so our engagement with this material has relied 
on authorial research, but it should be noted 
that none of our authors are experts in this area. 
This is an area upon which future iterations of 
the CMA can productively build; particularly, we 
note, by considering Indigenous perspectives on 
this period.

3.5.2 Science as colonial tool 

Knowledge making was a critical tool in European 
efforts to exploit and assert control over moun-
tain Homelands. Historians have considered how  
natural history was a tool of empire through 
which governments and companies like the Hud-
son’s Bay Company achieved colonial economic 
and political goals in western mountainous re-
gions (Braun, 2000; Krotz, 2014; Payne, 2009; 
Schefke, 2008; Zeller, 2009), how scientific sur-
veying shaped mountain spaces in the west 
(MacLaren, 2005, 2007), and, later on, how science 
and technology were used to cultivate moun-
tain spaces into industrial spaces that served 
international markets (Mouat, 1992) and do-
mestic markets through “internal colonialism” 
(Peyton, 2016; Zeller, 2009). Some scholars have 
noted how both landscape (Skidmore, 2017) and 
repeat photography (Inkpen, 2018) were used by 
colonial knowledge-makers to generate and re-
inforce ideas about mountains as wildernesses 
for exploring and investigating with the tools of 
Western science. 

The literature on science as a colonial tool in 
the mountains, while not overly large, and tend-
ing toward the western regions, is detailed and 
specific and fits with the more general litera-
ture on the topic. We note, however, that many 
studies of scientific activities in mountains, such 
as botanical collection or glaciology, with a few 
exceptions (Inkpen, 2018), tend not to examine 
these practices as tools of colonialism. This may 
be because much of the work we found was docu-
mentary or biographical in nature (Cavell, 1983; 
Jones, 2015). More comprehensive studies of how 
scientific activities relied upon and promoted 
colonial incursions in the mountain regions of 

Canada would be welcome additions to the ex-
isting literature. As would work that explicitly 
investigates the roles First Nations, Métis, and 
Inuit Peoples played in the generation of scien-
tific knowledge, such as the Secwépemc guides 
who led surveyors like Walter Moberly through 
their Homelands. Elsewhere, it has been shown 
that the generation of scientific knowledge in 
colonial settings was based on knowledge shared 
by Indigenous Peoples who were themselves ex-
perts (Camerini, 1996; Montero Sobrevilla, 2018). 
There are some studies that touch on this topic 
in Canadian contexts (Skidmore, 2017; Zeller, 
2009). More investigation of this issue in moun-
tain regions in Canada would greatly enhance 
our knowledge of mountain regions and the his-
tory of science. 

3.5.3 Treaties and land access 

Mountain regions in Canada are covered by many 
different treaties. We have neither the space nor 
the expertise to delve into the details of every 
treaty and how it influenced land access and ex-
clusion. Instead, we consider some of the ways 
that treaties do and do not impact mountain 
Homelands through a selection of examples.

First Nations, Métis, and Inuit Peoples’ Home-
lands span large overlapping areas encompassing 
different ecological regions. Historically, this 
would allow Indigenous Peoples to travel be-
tween different sites based on availability of food 
sources, seasonal weather patterns, and cultural 
practices (Mason, 2014, p. 41). Different Indig-
enous Nations could gather for trade, sharing 
of knowledge and resources, and ceremonies. 
Nakoda Elder Lenny Poucette is recorded saying:

Over many generations we had become 
good friends with the Kootenay [Ktunaxa] 
and the Cree ... We even had relationships 
with the Blackfoot too ... who at times were 
our traditional enemies ... We would learn 
from each other ... hunt together, share 
knowledge about the mountains and ... also 
get together to celebrate our cultural prac-
tices ... These interactions were important 
for many reasons. (Mason, 2014, p. 44) 

These relationships among Nations were formed 
over many generations and are regarded as sacred. 
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Cree-Blackfoot relations are discussed in an informative webinar on In-
digenous knowledges of mountains recorded for Keepers of the Water.4 

Indigenous Peoples largely viewed the numbered treaties as peace 
treaties and agreements to share resources in this same tradition, not 
as a surrender of land (Mason 2014, 28). During the signing of Treaty 7, 
which covers a geographical area on the southeastern slopes of the 
Rocky Mountains, the Stoney Nakoda leaders were assured that although 
they would be allotted reserve lands on what they knew to be their Tra-
ditional Territory, they would be able to continue their traditional land 
uses and ways of life (Mason, 2014; Snow, 2005). Within decades, the pass 
system would be used to confine them onto the reserves under inten-
sifying surveillance and restrictions. Confinement onto reserves, which 
operated most acutely in western Canada and the Prairies, separated 
Indigenous Peoples from accessing Homelands for food and medicines 
and for ceremonial practices, and hindered communication among In-
digenous Nations. The isolation of the reserve system, Gabrielle Weasel 
Head, Kainaiwa, Blackfoot Confederacy explained, also inflicted deep 
psychological damage on Indigenous Peoples with lasting consequences 
for Indigenous ways of knowing and guardianship of the land (LC 3.15).

A variety of tactics, which included forcible removal from the land and 
the establishment of parks, displaced a network of relations among In-
digenous Peoples and non-humans, and it interrupted kinship among 
Indigenous Nations (Government of Canada, n.d.). Despite the recogni-
tion of Indigenous rights to subsistence hunting and fishing in Treaty 7, 
within decades the use of the pass system, along with the creation of 
mountain parks and conservation areas, effectively made these subsis-
tence and cultural practices illegal (Mason, 2014). Access to mountain 
land remains difficult. Elder Hayden Melting Tallow (Siksika Nation, 
Blackfoot Confederacy), spoke of the pilgrimages the Blackfoot people 
would make to the mountains for ochre and to the Paint Pots, which for 
them were ceremonial places, from which they are now cut off, despite it 
being part of their territory (LC 3.16). Chief John Snow (Stoney Nakoda) 
relates the challenges that private land ownership posed for the estab-
lishment of the Wesley Band (now called Goodstoney) of Stoney Nakoda 
in the Kootenay Plains—part of their Traditional Territory, but an area 
that was not covered in Treaty 7, to which they were party (2005, pp. 
107–114).

The stories and experiences surrounding Treaty 7 do not hold across 
all Indigenous mountain communities in Canada. Indigenous Knowledge 
Holder and CMA author Dr. Daniel Sims (Tsay Keh Dene First Nation) 
reminds us that not all First Nations are party to treaty agreements 
(LC  3.17). Of the approximately 200 First Nations in British Columbia, 
many of whom have mountain Homelands, relatively few have signed 
historic or modern-day treaties, and about half have yet to show any 
interest in negotiating one. Even for those who do, there is the ex-
ample of the Lheidli T’enneh First Nation, in the Rockies and Interior 
Plateau (Montane Cordillera region), which twice negotiated a modern 
comprehensive treaty only to reject it when it came to vote in the 

4 For the webinar, see: https://fb.watch/dG7HWqcPFt/. Please also see Keepers of 
the Water website https://www.keepersofthewater.ca/. 
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community. The Tsilhqot’in Nation, in the Chil-
cotin Range (Montane Cordillera region), in 1864 
were betrayed at a “truce meeting” with the co-
lonial governments against whom they had been 
waging war, leading to the wrongful hanging of 
leaders and decades of colonial assault through 
land grabs, residential schools, the Indian Act, 
and the abduction of children. In 2016, the Tsilh-
qot’in Nation achieved legal recognition of their 
ownership of land in their Traditional Territory. 
Following this victory, rather than sign a treaty, 
they negotiated an accord (the Nenqay Deni Ac-
cord)5 with the province of British Columbia, 
which guides their interactions with the prov-
ince and is renewed and potentially revised every 
five years. Explicitly not a treaty, the Tsilhqot’in 
approach to Indigenous-Crown relations has in-
spired other Nations in the province to pursue 
similar agreements instead of treaties.

Moreover, we must also bear in mind that ex-
isting treaties operate differently across contexts. 
There are treaties among Indigenous Peoples. 
For instance, the Buffalo Treaty,6 signed by 31 In-
digenous groups, recognizes the “keystone” role 
played by buffalo in life ways grounded in “coop-
eration, kindness, renewal, and sharing amongst 
and between people.” Elder Pnnal Bernard Jerome 

5 https://www2.gov.bc.ca/assets/gov/environment/
natural-resource-stewardship/consulting-with-first-
nations/agreements/other-docs/ 
nenqay_deni_accord.pdf

6  https://www.buffalotreaty.com/relationships

(Micmacs of Gesgapegiag) reminds us that not 
all mountain Homelands are covered by treaty 
agreements that make land claims. The Mi’kmaq 
of eastern Canada are party to Treaties of Peace 
and Friendship, which did not mention land. 
“Homelands,” he observed, “would be the un-
ceded lands,” and “there are no boundaries where 
we are at” (LC 3.18). Far more relevant to how they 
negotiate land access are the barriers erected by 
private land ownership and bureaucracies set up 
to protect it. Both he and Yan Tapp (Gespeg First 
Nation) spoke at length at the Learning Circle of 
how their communities meet challenges of access 
and exclusion in seeking to hunt and fish on their 
Homelands in the Chic-Choc Mountains when 
“there is private land everywhere” and “consul-
tation” is done in bad faith (LC 3.19). 

The impact of private land ownership on moun-
tain Homelands is a vast and under-investigated 
topic. This may be in part because concepts 
such as binding written deeds (1677) and their 
management by the state—the Torrens system 
(1858)—emerged while European Nations were 
colonising the world and so have been assumed by 
many non-Indigenous people as simply “given” 
(G. Taylor, 2008). Certainly, early colonisers sim-
ply assumed that British law applied in lands 
claimed by the British Crown, irrespective of the 
laws of the people already living there (Harris, 
1996, 2008). While there is considerable literature 
on the impacts of parks and protected areas (see 
Sec. 3.5.4), we found that in the systematic litera-
ture review private land or private interests came 
up most frequently in studies of conflicts between 
“public” lands (like parks) and private uses in the 
development of mountain parks (Lundgren, 1984; 
Orr, 2011; P. A. Reichwein, 1995, 2014). 

There is an opportunity for studies on the 
unique, situated, and ongoing effects that pri-
vate land ownership has on mountain Homelands 
of First Nations, Métis, and Indigenous Peoples. 
One notable illustration of such work is at the 
intersection between commercial ski hills and 
unceded Indigenous Homelands, as was the case 
for the Ktunaxa First Nation and Jumbo Glacier 
Resort (see Sec. 3.4.1). While the Ktunaxa First 
Nation was able to halt construction of the pro-
posed resort on Qat’muk, other ski hills such as 
Sun Peaks Resort were pushed through. Sun Peaks 
(the resort and municipality) was constructed 
on Skwelkwek’welt, a spiritual and traditional 
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2022, LC 3.18
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Gespeg First Nation,  

2022, LC 3.19 
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site for the Secwépemc, despite growing con-
cern, protests, and advocacy by the community 
(Manuel & Derrickson, 2015). These two develop-
ments are part of larger, ongoing colonial efforts 
of land dispossession and the criminalization 
of Indigenous Peoples who stand in opposition 
(Gobby et al., 2022; Manuel & Derrickson, 2015). 
Lisa Cooke (2017) analyses Sun Peaks Resort as 
“settler-colonial moral terrain” and challenges 
settler-colonial understandings of “progress” that  
underpin these developments. Preliminary find-
ings from Dr. Daniel Sims’ (Tsay Keh Dene First 
Nation) ongoing Tri-Council-funded research 
project “A Forgotten Land: Development in the 
Finlay-Parsnip Watershed of Northern British Co-
lumbia, 1860–1956,” indicate that in at least the 
Finlay-Parsnip watershed this apparent oversight 
may be an example of narrative forgetting stem-
ming from the perceived failure to establish a set-
tler population in the area (Sims, 2021). 

Comprehensive land claim agreements—ne-
gotiated after 1973—also shape the governance 
of mountain regions as they seek to more clearly 
define Indigenous Peoples’ land, resources, and 
self-government rights. For instance, the 11 
Yukon First Nations who completed comprehen-
sive Final and Self Government agreements under 
the Yukon Umbrella Final Agreement (Yukon Um-
brella Final Agreement, 1993) have retained title 
to approximately 10% of their Traditional Terri-
tories (“Settlement Lands”) and have the right 
to shared decision-making (co-management) 
in the remaining 90%. Kluane National Park, 
discussed in detail in Sec. 3.5.4, is an example 
of co-management, but there are many other 
co-management boards. Co-management in this 
context has also been the subject of significant 
critique (e.g., Clark & Joe-Strack, 2017; Nadasdy, 
2003; Natcher et al., 2005). Later in this chapter 
we also discuss the Labrador Inuit Land Claims 
Agreement (LILCA) (2005) (Section 3.5.4.4).

3.5.4 Parks and protected areas

The Rocky Mountain National Park
In 1885, an officially completed Canadian Pacific 
Railway (CPR) opened up the Rocky Mountain 
Cordillera to non-Indigenous people to a greater 
degree than ever before. The railway was a joint 
project of eastern and European capitalists and 
the Canadian federal government. It was a po-

litical vehicle for linking the disparate parts of 
the emerging nation and a physical vehicle for 
altering who had access to and use of the Mon-
tane Cordillera and Pacific Maritime regions. One 
of the most dramatic effects the coming of the 
railway had on these regions and the subsequent 
history of land use in the country was the estab-
lishment of Canada’s first national park.

Rocky Mountains National Park (renamed 
Banff National Park in 1930, Fig. 3.1) was estab-
lished in 1886, covering a small area around hot 
springs near Banff townsite. The hot springs were 
already used by the Stoney Nakoda for healing 
and spiritual renewal (Snow, 2005, p. 10), but their 
“discovery” was nevertheless claimed by two CPR 
employees, who were swiftly divested of their 
claim by the railway and the federal government. 
A national park was established to control access 
to the springs and surrounding area. Hot springs 
were very popular, and lucrative, tourist attrac-
tions in the late 19th century, and CPR executives 
sought to profit from tourism as well as money 
generated from settlers travelling by rail (Hart, 
1983).

Much of the early infrastructure in the moun-
tain parks, including hotels and businesses to 
cater to tourists, was developed under the aus-
pices of the CPR. Ideas of sublime wilderness, 
rooted in European Enlightenment and Romantic 
thought, impacted how the first mountain parks 
were perceived by promoters and their target au-
diences. From the early stages of construction, 
the railway hired painters and photographers to 
document the laying of the tracks, with the un-
derstanding that the art produced would portray 
the process as a heroic endeavour in beautiful 
wilderness landscapes (Hart, 1983). Under the pa-
tronage of the CPR a school of art developed that 
shaped the way mountains in Canada were per-
ceived for decades to come, often underlining the 
idea of mountains as wilderness and as scenery. 
Art continued to play a formative role in produc-
ing representations that sculpted notions of what 
mountains were for and who belonged there, as 
Reichwein (Reichwein, 2004) and Wall (Reichwein 
& Wall, 2020) have argued in their histories of 
the Banff School of Fine Arts. Visuals, including 
photographs and postcards, continue to promote 
ideas of mountain parks as wildernesses and 
homes for charismatic wildlife (Colpitts, 2011; 
Cronin, 2006, 2011). Yet, landscape art has also 
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been a medium of expression for Indigenous art-
ists such as Sitting Wind-Frank Kaquitts (Stoney 
Nakoda) (Fig. 3.2), as well as a point of connec-
tion between Indigenous people and settlers like 
Catherine Whyte, founding patron of the Whyte 
Museum of the Canadian Rockies (Mayberry, 
2003, pp. 101–104) (Fig. 3.3).

Science was also a tool used in the forging of 
the vision of mountain spaces as parks. In the late 
19th and early 20th centuries, it was used as a 

tool for cordoning off mountain spaces (Gardner 
& Campbell, 2002; Loo, 2006; Reichwein, 2004). For 
instance, early conservation science, and glacier 
study, were underwritten by ideas about moun-
tain spaces as unpeopled “wildernesses” and 
sanctuaries for certain kinds of charismatic large 
animals like moose, bear, elk, and sheep (Colpitts, 
2010; Inkpen, 2018, pp. 21–76; Reichwein & Mc-
Dermott, 2007). These ideas, legitimised by the 
science of the day, played a role in how Canada’s 
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first national park would be understood and 
administered. 

Indigenous people were not immediately 
banned from hunting within park boundaries; 
this came later as non-Indigenous public opinions 
about wilderness and wildlife changed in the final 
decade of the 19th century, following the precip-
itous decline of species like bison and elk across 
the continent driven predominantly by market 
hunting pressure. The first wildlife regulations in 
Canadian national parks were designed to main-
tain a sporting playground, prioritising trophy 
hunting over subsistence practices (Mason, 2014, 
pp. 54–55). In These Mountains Are Our Sacred Spaces, 
Chief John Snow (Stoney Nakoda) explains how 
non-Indigenous popular sentiment about wild-
life pressured the federal government to enact 
laws in 1893 that banned his people from hunt-
ing on the eastern slopes of the southern Rockies: 
“In 1893 public attitudes and government goals 

combined to lead to the first outright, straight-
forward breaking of the treaty: the Indian Affairs 
Branch firmly and specifically committed itself to 
a policy of restricting the hunting of game” (2005, 
pp. 79–80).

This, coupled with contradictory government 
policies aimed at rendering Indigenous people 
“self-sufficient” and confined to reservations, am-
plified the effects of food shortages, lack of access 
to health care—both traditional and government 
provided—and disconnection from traditional 
practices and territories that were already being 
experienced by the Stoney Nakoda.

Despite these harsh measures, the Stoney 
Nakoda and other Indigenous Peoples risked fines 
and imprisonment to continue to gather, hunt 
and fish. As one Nakoda elder states, “Even while 
the governments tried to change how we lived 
with their rules ... when there were opportuni-
ties ... or a need to do so ... many of us continued 

Figure 3.2: “Bow Lake,” 1969, Sitting Wind (1925–2002), oil on canvas board, 30.5 x 40.4 cm WiS.02.08. Image 
courtesy of the Whyte Museum of the Canadian Rockies. Gift of Catharine Robb Whyte, O.C., Banff, 1979.
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to hunt in the mountains like we’d always done” 
(Mason, 2014, p. 46). Snow (2005, pp. 85–87) de-
scribes the history of the Bighorn Reserve on the 
Kootenay Plains as a place where some Nakoda 
went so they could continue to hunt and fish in 
the Eastern Ranges. Mason (2014) documented 
how the Nakoda strategically built relationships 
and used involvement in tourism and the Banff 
Indian Days festival to reassert their culture and 
presence in the region. 

These stories are important reminders that gov-
ernment and colonial institutions do not determine 
life for Indigenous people in the mountains. As 
long as there has been settler-colonialism, there 
has been Indigenous resistance and refusal. Given 
the narrow geographical and temporal scope of 
the studies we were able to find, we believe that 
this is an area that needs further investigation. 

We note that an event as significant as the Small-
boy Camp—set up in the 1960s on the Kootenay 
Plains by members of the Cree Ermineskin Nation, 
led by Apitchitchiw (Robert) Smallboy—is little 
known and virtually undocumented in an oth-
erwise sizable literature on the eastern Rockies. 
The Smallboy Camp is described in the Keepers 
of the Water webinar on Indigenous knowledge 
of the mountains, but it was found nowhere in 
the scholarly literature we reviewed, despite hav-
ing given rise to Kisiko Awasis Kiskinahamawin 
(the Mountain Cree Camp School) on Muskiki 
Lake, which continues to occupy what is con-
sidered provincial land and ran until 2021.7 That 
such a significant instance of Indigenous Peoples 

7 https://www.facebook.com/keepersofthewater/
videos/241248714322362/

Figure 3.3: “Crowfoot Glacier,” 1945–55, Catherine Robb Whyte (1906–1979), oil on canvas. 22.8 x 28.0 cm 
WyC.01.202. Image courtesy the Whyte Museum of the Canadian Rockies.
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taking back land in the mountains is virtually 
unmentioned in scholarly literature is a prime 
example of narrative forgetting and colonial era-
sure (Wolfe, 2006): a community is conceptually 
and historically erased as part of the colonial 
project through the narratives of non-Indigenous 
peoples which either overwrite or simply fail to 
acknowledge Indigenous stories.

Cape Breton Highlands National Park
Rocky Mountains Park was but the first of many 
instances in which the establishment of parks 
and protected areas entailed the eviction or re-
location of communities of people to make way 
for wildernesses “unimpaired for the enjoyment” 
of contemporary and future generations (The 
National Parks Act, 1930, Sec. 3.4). Cape Breton 
Highlands National Park (Fig. 3.4), established 
in 1936, illustrates this discordant approach to 
land in the Maritimes. While the Unamaki (Cape 
Breton) Highlands did not offer the same vertigi-
nous terrain as other mountain parks, the contrast 
between its heights and the coastal waters in-
vited what Alan MacEachern describes as “the 
coastal sublime” (MacEachern, 2001, p. 48). Fore-
shadowing later expropriation campaigns in the 
Maritimes (Rudin, 2016), the methods employed 
to achieve this sublimity involved moving whole 
communities to make way for the importation of 
unspoilt wilderness. 

As Ian McKay has argued, the transformation 
of the mountainous terrain of northern Unama’ki 
into the Cape Breton Highlands represented one 
plank in a broader construction of “tartanist” 
Nova Scotia; packaging Cape Breton as a quaint, 
pre-modern isle full of dull-witted but hardwork-
ing “Highland folk” (McKay, 1992, p. 24, 1994, 
p.  9). Yet, the rolling back of modernity faced a 
variety of stumbling blocks, from the presence of 
timber lease held by the Oxford Paper Company 
to settled communities such as Cap Rouge, Pleas-
ant Bay, and Ingonish. In establishing the park, 
this required state actors to think carefully about 
which pre-existing communities conformed to the 
desired pre-modern sublimity and which could be 
summarily dispensed with. This was emphasised 
by the decision to expropriate the community of 
Cap Rouge–an Acadian fishing village–while al-
lowing the ethnically Scottish farming settlement 
of Pleasant Bay to remain within the boundaries 
of the Park (MacEachern, 2001, p. 54).

The expropriation of the Acadian community 
at Cap Rouge and the cessation of expropriation 
against the ethnic Scots at Pleasant Bay was not 
only about reorienting the geography along tar-
tanist lines; it was, as Catriona Sandilands reveals, 
an articulation of hierarchical whiteness in Cana-
dian society. She writes:

With the Acadians safely elsewhere [...] 
the fantasy of whiteness as unity was not 
only sustained in the space of the park 
but also given added vigour by contem-
porary naturalising discourses of pristine, 
untouched wilderness in which CBH’s (origi-
nating) whiteness could now be planted 
(Sandilands, 2011, p. 73)

The transformation of mountains in northern 
Unama’ki during the 1930s was yet another iter-
ation of a much longer history of colonial settle-
ment and transformation that mobilised notions 
about sublime wilderness in the colonisation of 
Indigenous mountain Homelands. It also care-
fully treats the discordances and hierarchies em-
bedded in what is often treated monolithically as 
“settler colonialism” or “whiteness”. This kind of 
critical attention to detail, with a few notable ex-
ceptions (e.g., Reichwein, 2014; Robinson, 2005), 
is generally absent in the literature we found 
treating non-Indigenous incursion on mountain 
Homelands; we believe more of it would be a wel-
come intellectual contribution. 

Kluane National Park and Reserve
The processes involved in establishing national 
parks evolved over time and played out in subtly 
different ways in other mountain areas. For in-
stance, Neufield (2011) suggests that the impetus 
behind Kluane National Park and Reserve (1973) 
(Fig. 3.5) began as an expression of the “Canadian 
ideals” of wildlife and wilderness protection, 
and built upon earlier efforts in the region to 
cordon off and exploit game, develop mineral 
extraction, and pursue scientific research in 
the Homelands of the Champagne and Aishihik 
First Nations (CAFN), the Kluane First Nation 
(KFN), and White River First Nation (WRFN), at 
their expense. He notes, however, that these in-
tentions did not alone determine how the story 
would go. In 1943, the Kluane Game Sanctu-
ary (KGS) was established in southwest Yukon, 
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restricting these First Nations from access-
ing the portions of their territories by making 
it illegal to hunt and trap or otherwise occupy 
their Homeland (e.g., building cabins) by fining 
people and confiscating meat and other posses-
sions from those who did harvest in the area 
(Nadasdy, 2003; Nakoochee, 2018; Zanasi, 2005). 
In 1973, First Nation organisations, including the 
Yukon Native Brotherhood and the Council for 
Yukon Indians, fiercely opposed the creation of 
a National Park until land claims were settled. 
As a result, the KGS became the Kluane National 
Park Reserve. These events, their myriad and 

still resonating effects, and their relation to the 
building of the Alaska Highway, are explored in 
greater detail in Sec. 3.7.4.

While land claims for Kluane First Nation and 
White River First Nation—who, to date, do not 
have settled claims—were not reached prior to the 
establishment of the National Park, the respon-
siveness of the federal government to Indigenous 
land claims marked the beginning of a shift in un-
derstandings of parks and protected areas. They 
were not to be regarded as simply wilderness 
places to be protected from resource extraction 
(Neufield, 2011; Roberts, 2023). 
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Even so, First Nations citizens were displaced 
from the region for over 50 years as harvesting 
continued to be banned, according to the Gov-
ernment of Canada’s interpretation of the Parks 
Act (Nakoochee, 2018; Zanasi, 2005). This dis-
placement has significant impacts on First Nation 
connections to their Homelands, including im-
plications for spiritual and cultural wellbeing, 
food security, knowledge transmission, and more. 
Healing First Nation relationships with the park 
was the focus of initiatives starting in the early 
2000s including the “Healing Broken Connections” 
initiative (2004–2008) which, through partnership 
between CAFN, KFN and Kluane National Park and 
Reserve, offered opportunities to reconnect on 
the land and to determine how Indigenous Knowl-
edge could be used in the co-management of the 
park (Nakoochee, 2018). Efforts to re-engage with 
lands inside the park are ongoing, including cul-
ture camps, interpretive programs led by Elders, 
and other joint initiatives. As Elder Gùdia Mary 
Jane Johnson (Lhu’  ààn Mân Ku Dań) told those 
gathered at the CMA Learning Circle, Parks could 
learn from the rotational-burning practices that 
people like her grandfather practised on the 
land now encompassed in the National Park and 
Reserve (LC 3.20). (The related topic of the Peel 
Watershed Planning Commission will be treated 
in Sec. 3.8)

Torngat Mountains National Park
The case of the Torngat Mountains National Park 
in Labrador is another illustrative case of the 
evolution of parks policies and Indigenous rejoin-
ders to national parks in mountain Homelands. 
The park itself is a symbol and product of Inuit 
self-determination and resistance. In the 1940s 
and 1950s, the federal government, the provincial 
government of Newfoundland and Labrador, and 
the International Grenfell Association (a group 

founded by settler Wilfred Grenfell who prac-
tised medicine, led religious and social services, 
and was involved in the removal of Indigenous 
children to residential schools) evicted northern 
Labrador Inuit from their Homelands north of 
Nain (Marcus, 1995).8 These Homelands covered a 
468-kilometre span of coastline, including what is 
now known as Torngat Mountains National Park. 
Inuit lived in sod houses and tupet (tents) during 
the summer months and illuvigait (not “igloo”—
the correct word is “illuvigak”) during the winter 
months. Inuit travelled by kajak (not “kayak”) in 
the summer, and by Kimutsik (dog team) during 
the winter months. They also travelled by foot 
when need be. Land and sea are often mentioned 
as one, omitting the distinction between the two. 
When referring to the land, Inuit could be talking 
exclusively about the terrestrial land, or the land 
and sea combined. Inuit from the north were 
often referred to as “Avanimiut,” or people of the 
north, by Inuit further south. The Avanimiut and 
their descendents now live in the five Inuit com-
munities of Nain, Hopedale, Makkovik, Postville, 
and Rigolet. These communities make up the Inuit 
region of Nunatsiavut. Between the 1970s and the 
early 2000s, Nunatsiavut Inuit united to create 
the Labrador Inuit Association (LIA). The work 
of the LIA included negotiations with the federal 
government to secure land claims agreements, 
which would outline and honour Labrador Inuit 
rights in northern Labrador. Negotiations also led 
to the legitimating of the Labrador and Inuit Land 
Claims Agreement (LILCA),9 signed by Labrador 
Inuit, the Newfoundland and Labrador provincial 
government, and Canada in 2005. Torngat Moun-
tains National Reserve then became the Torngat 
Mountains National Park.

The signing of the agreement initiated the 
Nunatsiavut Government, the first Inuit self- 
government in Canada. Chapter 910 of the agree-
ment is dedicated to national parks and protected 
areas, which includes Torngat Mountains Na-
tional Park, and Inuit Use and Occupancy Rights. 

8 https://publications.gc.ca/collections/
collection_2017/bcp-pco/Z1-1991-1-41-149-eng.pdf

9 https://www.nunatsiavut.com/wp-content/
uploads/2014/07/Labrador-Inuit-Land-Claims-
Agreement.pdf

10 https://www.gov.nl.ca/exec/iar/files/ch9.pdf

Gùdia Mary Jane Johnson, Lhu’  ààn  
Mân Ku Dań, 2022, LC 3.20
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determined by seasonal hunting areas and camp-
grounds. Inuit still hunt seals year-round, either 
in the open ocean or at seal breathing holes in 
the ice. Almost all animals are hunted at different 
times throughout the year depending on migra-
tions. Examples include those of Canada geese, 
snow geese, caribou, whales, and char and salmon 
runs. Berry picking is also best after the first frost 
in the fall, and enough berries are picked to last 
the year. 

One of our authors and Indigenous Knowl-
edge Holders, Megan Dicker (Inuit, Nunatsiavut), 
shared some of her experience of these moun-
tains as a person whose grandparents were dis-
placed from the region, but who, nevertheless, 
has a strong connection to the Torngait as her 
Homelands.

Summary: Parks and protected areas
The scholarly literature treating the role of parks 
and protected areas in mountain regions is sub-
stantial and varied. While the tendency toward 
studies of western mountain regions is still pres-
ent, it is far less acute than in other cases. The 
establishment and characteristics of mountain 
parks in the north and east have been treated in 
the peer-reviewed literature, though to a lesser 
degree than those of the parks in the Montane 
Cordillera region. We note that the topic of moun-
tain parks has been a relatively fertile place for 

Labrador Inuit have the right to hunt, travel, har-
vest, collect stone, and work in the base camp as 
first priority amongst other things. 

It is important to understand that the borders 
of the park were delineated to serve a political 
purpose, rather than reflecting meaning in the 
geography as understood by Labrador Inuit. The 
creation of these borders did secure and protect 
the land and sea from extraction and exploitation, 
which is one of the reasons why Labrador Inuit 
were supportive of the park. The protection of the 
park ensures their livelihoods, protection, and 
sustainability of their Homelands. As Inuit who 
live in and continue to value the Torngait and sur-
rounding areas, the only legitimate borders are 

TORNGAIT: PL ACE OF SPIRITS

My relationship to the mountains—the Torngait in the 
north and the kiglapait to the south—has been forged 
based on my grandparent’s relation to them. 

The Inuit of northern Labrador, including my grand-
parents, were displaced from their home near the 
Torngait by the provincial government of Newfound-
land and Labrador in the late 1950s. This information 
shaped the way I think about mountains, Homelands, 
and mountains as Homelands—how can you deter-
mine what your Homeland is when your family has 
been displaced for generations? Despite these experi-
ences, my grandparents and those of their generation 
haven’t stopped returning to their Homelands with 
their children, grandchildren and now great-grand-
children. Labrador Inuit continue to spend time in the 

Torngait and the surrounding area via skidoo during 
the winter months and via speedboat or longliner 
during the summer months. People go for the sen-
timental and heart value, but also to hunt, fish, and 
harvest.

My first visit to the Torngait was in 2014 (Fig. 3.6). 
Just south of the Torngat Mountains National Park 
(TMNP) border lies Hebron, Okak, and Nutaak where 
my family used to live prior to the relocations. Saglek, 
Sallikuluk, and Cape Chidley were other well-known 
communities near the Park and are just as important in 
this unique story. During my time in the area in 2014 
and again in 2016 I had the privilege to go to Hebron, 
Okak, Ramah, which is within the Park boundaries, 
and all throughout the Park. I visited my grandparents’ 

Note: Readers may note an imbalance in the maps 
included in this chapter. While there are maps depicting 
park boundaries and surrounding Indigenous terri-
tories for the Rocky Mountain National Parks, Cape 
Breton Highlands National Park, and Kluane National 
Park and Reserve, there is no equivalent for the Torngat 
Mountains. This is because cartographic data for the re-
gion and the right to use them must be formally request-
ed from the Nunatsiavut Government, and the CMA did 
not do so in time to incorporate a map for the Torngat 
Mountains region. Out of respect for the autonomy of 
the Nunatsiavut Government over data pertaining to 
their lands, we did not pursue a map through other data 
sources. The co-lead authors for the Homelands chapter 
state this in the spirit of transparency.
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Homelands, including the areas where they used to live 
when they weren’t travelling and hunting. I loved travel-
ling throughout and thinking about how they looked at 
the same mountains, hunted in the same areas, and lived 
their lives in such a beautiful and abundant place.

I am less familiar with the Kaujamet mountains just 
south of the park, but I have family members who travel 
there to fish for char in the winter. We also pass the Kau-
majet mountains when travelling to the Park via speed-
boat during the summer months.

Even though Inuit don’t live in the Torngait and the 
surrounding area permanently anymore, we still consid-
er them to be our ancestral Homelands. We still have 
a strong connection that (in my opinion) has only been 
severed by distance. We value, respect, and think of 
the mountains daily and always wish to be there. We 
consider ourselves to be lucky and privileged to travel 

there—despite our connection to the mountains, it is ex-
pensive to travel and stay at the base camp. Fuel itself is 
expensive, and the supplies and food cost a lot in Nun-
atsiavut. Only those who can afford the trips tend to go, 
but our regional government is creating programs that 
will provide opportunities for us to return to these Home-
lands. If we are not physically in the mountains, they are 
always close at heart. (LC 3.21)

Megan Dicker, Inuit, Nunatsiavut, 2022, LC 3.21

Figure 3.6: Collecting driftwood for a fire, Southwest Arm, Torngat Mountains National Park. Photo courtesy of Megan 
Dicker, 2014.

/continued from page 153
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place-specific studies that consider how changing 
land use policies impact Indigenous Peoples in di-
verse ways. Indeed, this topic can be used as an 
entry point for thinking about how land use prac-
tices have changed over time and how they have 
remained the same. We note, finally, that there 
seems to be less literature on mountain places 
designated “protected” but not as parks.

3.6 Recreation

3.6.1 Place-making through recreation

Questions about what parks are for have been 
around as long as parks, and historians have 
written about how they have been negotiated 
in mountain regions (Chen & Reichwein, 2016; 
Reich wein, 1995, 2014). One of the most influen-
tial voices in discussions of mountain parks has 
been that of recreationalists (Reichwein, 2014, p. 
3). With the establishment of parks and protected 
areas, mountain lands became places for a host of 
recreational activities including mountaineering, 
climbing, canoeing and kayaking, hiking, skiing, 
and motorised sports (Steiger et al., 2022). Such 
pursuits continue to shape how mountain regions 
in Canada are understood and managed, with im-
pacts for who calls them home and those who call 
them Homelands and how the land is used (Clay-
ton, 2016; Colpitts, 2011; Héritier, 2003; Heritier, 
2010; Kariel & Kariel, 1988; Kulczycki & Halpenny, 
2014; Lam, 2016; Lemelin & Maher, 2009; Nepal & 
Jamal, 2011; Pavelka, 2017, 2019; Toth & Mason, 
2021). The popularity of mountain outdoor ac-
tivities and the diversity of those participating in 
them is growing rapidly. Efforts are underway to 
better comprehend recreationists’ experiences in 
the mountains, the evolving relationships they 
have with high places, and the sense of connec-
tion to mountains that recreational activities can 
engender (e.g., Kulczycki & Halpenny, 2014; Reid 
& Palechuk, 2017). Diverse and ever-changing 
ideas about recreation—what types are suitable, 
who ought to pursue them, and how they ought 
to be pursued—have shaped mountains into par-
ticular kinds of places, both materially and in 
people’s imaginations.

For instance, mountaineering was integral in 
shaping perceptions of what western mountains 
in Canada were for and who had access to them. 
Historian PearlAnn Reichwein has documented 

how the Alpine Club of Canada (ACC) was instru-
mental in imagining and forging a nationalist 
vision of “Canada’s mountains” best captured 
in the words of ACC founders who imagined, “a 
nation of mountaineers, loving its mountains 
with a patriot’s passion” (Parker, 1907, p. 7). Early 
ACC top brass regarded western mountains as 
playgrounds for tourists, as places for scientific 
research, and spaces for the conservation of wild-
life and, later, ecosystems, and opposed them as 
places for industrial development, Indigenous 
Peoples, and ostensibly “ethnic” people. Early 
club policies enabled ACC oligarchy to “blackball” 
membership applications and thereby police the 
ethnic and racial demographics of the club and 
so access to the mountains (Reichwein, 1997; 
Reichwein, 1995, 2014). Historians have also in-
vestigated how ideas about recreation inscribed 
themselves on lands and communities elsewhere, 
as in the case of Revelstoke, BC, where ski tourism 
was promoted during the First World War, largely 
by immigrants of Scandinavian descent seeking 
to enliven the local economy through tourism 
and sport modelled on reminiscences of the “old 
country” (Clayton, 2016). This heritage remains 
written on the cultural and physical landscape 
surrounding Revelstoke, much as the legacy of 
Swiss mountain guides can be felt in the Canadian 
Rockies.

In the case of Rocky Mountains Park, the Ca-
nadian Pacific Railway aspired to recreate the 
western mountains as a space for wealthy, white 
tourists. To this end, they targeted Victorian 
mountaineers and emphasised the Alpine-like 
qualities of the Rockies and Selkirks, particu-
larly their large glaciers. They advertised the 
Canadian Rockies as “50 Switzerlands in 1!” and 
likened Mount Assiniboine to the Matterhorn. 
The legacy of this period is written onto the built 
landscape of many mountain parks in the form of 
Swiss-influenced architectural styles (Hart, 1983), 
and into their cultural histories. The CPR hired 
European-trained mountain guides to live and 
work at the trackside hotels to assist tourists get-
ting up and down the mountains (Fig. 3.7). 

A body of scholarly work is emerging that seeks 
to understand the experiences of these migrant 
guides in the mountains of their new homes 
(Robinson, 2014; Stephen, 2021), and there is a 
growing body of grey literature (Costa & Scardel-
lato, 2015; Kain, 2014; Sanford, 2001; Scott, 2015; 
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Stephen, 2021). There is also work that considers 
more recent experiences of Japanese mountain 
workers and guides (Satsuka, 2015). However, 
there is room for more work in this arena, partic-
ularly critical work that investigates immigrant 
experiences and encounters in mountains un-
derstood as Indigenous Homelands. Guide Pat 
Morrow relates the reminiscences of Shelagh 
Dehart, granddaughter of Shushway Chief Pierre 
Kinbasket:

I was a teenage girl when he came to visit 
my Auntie Rosalie Kinbasket in Stoddard 
Creek (directly across the Rocky Mountain 

Trench from Wilmer). Rosalie broke many 
horses for him over the years. He had to 
have many horses, pack and saddle, that 
were sure-footed and gentle. He was always 
talking about horses, brands, horse thieves, 
medicine, mountains, and stupid climbers, 
etc. He was a friend of my mother’s and 
when lunchtime would come around well 
here comes Conrad, always at lunchtime! 
(Morrow, 2009)

This quote suggests a rich body of stories about 
mountains as Homelands for Indigenous people 
and homes for immigrant guides beckoning for 
more scholarly attention.

3.6.2 Recreation and gender

Critical studies of recreation practices in moun-
tain regions have paid special care to how gender 
intersects with mountain recreation, particularly 
mountaineering. Mountaineering has long been 
regarded as a bastion of heroic, heteronorma-
tive masculinity. However, recent scholars have 
treated this subject with care and nuance, reveal-
ing that many forms of masculinity and femininity 
operate within the worlds of mountain recreation 
(Deslandes, 2009; Dummit, 2004; Erickson, 2003; 
Frohlick, 2005; Robinson, 2005; Stoddart, 2011a). 
There is also a substantial body of historical grey 
literature that documents the first-hand experi-
ences of women in the mountains. Much of the 
earlier work focuses on local celebrity figures in 
the western ranges such as Mary Schäffer, Mary 
Vaux Walcott, Catherine Whyte, and Phyllis 
Munday (Beck, 2006; Mayberry, 2003; Reichwein 
& McDermott, 2007; Skidmore, 2006; Smith, 1989; 
Squire, 1995) and is documentary or celebratory 
in nature. It tends to underscore the uniqueness 
and fortitude of these women navigating both 
rugged mountains and restrictive gender norms. 
The sentiments of Mary Vaux Walcott, a Quaker 
woman from Philadelphia who frequented the 
Rockies in the years after the CPR was built, is 
often quoted as representative of this class of 
women in the mountains:

Of course golf is a fine game, but can it com-
pare with a day on the trail, or a scramble 
over the glacier, or even with a quiet day in 
camp to get things in order for the morrow’s 

Figure 3.7: Canadian Pacific guides Edward Feuz and 
Christian Hasler at Glacier House, 1899. Photo courtesy 
of the Whyte Museum of the Canadian Rockies, Vaux 
Family Fonds, V653/NG-584.
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conquests? Somehow when once this wild 
spirit enters the blood, golf courses and 
hotel piazzas, be they ever so brilliant, have 
no charm, and I can hardly wait to be off 
again. (Mary Vaux to Charles Doolittle Wal-
cott, 1912, quoted in Skidmore (2006, p. xvii))

This quotation underlines her experience of the 
mountains as a wilderness playground. It was 
both a rejection and an embrace of contempo-
rary white bourgeois culture which valued both 
invigorating wilderness and women who stuck to 
golf. This balancing act can be seen in the visual 
legacy of these women. Watercolour painting was 
deemed an appropriated pastime for their demo-
graphic, but several, including Vaux and Schäffer, 
used the medium to enter both mountains and 
scientific circles, usually the domains of men at 
this time. 

While there is excellent work on gender in 
mountain recreation, in light of the predomi-
nance of grey literature in the area of women’s 
experiences specifically, we believe there is room 
for more critical, intersectional studies of gender 
and place making in mountains. Studies that con-
sider the class- and gender-inflected relationships 
among women and guides, and those that take a 
more fulsome look at the colonial conditions and 
implications of white women’s finding freedom in 
mountains in Canada. Colleen Skidmore’s recent 
work is a welcome step in this direction. Her study 
of Mary Schäffer attends to the ways Schäffer 
used gender stereotypes of her time to challenge 
and transgress them through her photographic 
and written work about her travels in the Cana-
dian Rockies and Japan. In her analysis, Skidmore 
points to the colonial conditions for Schäffer’s 
work and how it was made possible by her own 
socio-economic position and background, noting 
how these make her less of an extraordinary in-
stance and more of a representative of her times 
(Skidmore, 2017, p. 238). Another notable excep-
tion to the general trend in this topic is Schaefer’s 
(2021) recent study which highlights the social 
injustice and microaggressions that are taking 
place along gender lines among rock climbers on 
the Niagara Escarpment in southern Ontario. 

We did not find any work dealing with Indig-
enous women’s experiences and knowledge of 
mountains specifically, though we note the im-
portance of recreational groups and social media 

platforms such as Indigenous Womxn Climb,11 
which are providing venues for their stories and 
experiences to be shared and to generate oppor-
tunities for mentorship.

We did not find many peer-reviewed studies 
on how Two-Spirit, Lesbian, Gay, Bisexual, Trans-
gender, Queer, Intersex, plus (2SLGBTQI+) com-
munities (Indigenous or non-Indigenous) engage 
with mountain places through recreation in the 
Canadian context. Current research focuses pri-
marily on the intersections of 2SLGBTQI+ com-
munities and rural tourism. For example, Toth 
and Mason’s (2021) work examines the experi-
ences of gay men travelling to rural British Co-
lumbia for vacation. The mountains and access 
to outdoor recreation were indicated by partic-
ipants as motivations for travel, however, “per-
ceptions of rural homophobia” and safety were 
identified as potential concerns (Toth & Mason, 
2021, p. 86). The convergence of mountains, tour-
ism and the creation of gay spaces is also high-
lighted through local sporting events, such as 
Whistler’s gay ski week (1992–2012). The annual 
event utilised the pull of the mountains to bring 
together gay skiers and snowboarders in events 
that fostered competition, community, and gay 
activism (Herbert, 2014). The 2019 avalanche 
and guiding industry study in Canada amplified 
the voices of 2SLGBTQI+ people who work in the 
guiding and avalanche industry. One individual 
shared, “I am transgender. I am not ‘out’ to my co- 
workers. I fear that I would not be treated equally 
due to the comments and jokes I hear on a daily 
basis” (Reimer & Eriksen, 2018, p. 158). 

In concert with a growth in organisations sup-
porting 2SLGBTQI+ persons’ access to mountain 
space, there are academic and grey literatures 
that look at 2SLGBTQI+ youth and wilderness 
experiences (e.g., Litwiller, 2018), but we found 
none that focus on mountains specifically. More-
over, we found no scholarly work that considers 
non-binary experiences of mountains for people 
whose very languages push back against binaries, 
such as Inuktitut, in which individuals are often 
referred to as “them” rather than “he” or “she”. 
Queerness, language, and mountain life are inter-
connected. Identities are influenced by languages 
and languages are influenced by identities. For 
individuals residing in mountainous areas, these 

11 https://www.indigenouswomxnclimb.com/
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languages relate to the environment around 
them. Pronouns in language indicate binaries, or 
in some cases, the lack thereof. These distinctions 
express how gender, sexuality, and identities are 
viewed, and call attention to the nature of sexu-
ality and gender as fluid and informed by cultural 
and linguistic norms. This, again, indicates a need 
for more intersectional studies.

While we have noticed gaps in the scholarly 
literature treating topics of gender and sexual ori-
entation in studies of recreation in mountains in 
Canada, we note that artists have contributed to 
a critical understanding of gender and sexuality 
in mountain places, offering representations that 
push us to rethink what, say, a “mountaineer” 
or “park ranger” might look like. In this regard, 
Shawna Dempsey and Lorri Millan’s 1997 perfor-
mance art piece, Lesbian National Parks Services12 
and the accompanying handbook, Junior Lesbian 
Ranger were early efforts to make “visible [a] 
homosexual presence in spaces where concepts 
of history and biology exclude all but very few” 
(Dempsey & Millan, n.d.). As detailed in Section 
3.7.5, studies of mountain-based professions are 
another notable area where questions of belong-
ing in mountains have been explored through the 
lens of gender.

3.6.3 Race and recreation

Just as ideas about gender shape who is likely to 
engage in particular recreational activities and 
how they do so, so, too, do notions of race and 
ethnicity. Scholars have considered how ideas 
about race and ethnicity play out in experiences 
of mountain recreation outside the context of 
mountains in Canada (Coleman, 1996; Ortner, 
1999). There is some social sciences work that 
considers race in the mountain-based professions. 
For instance, in a 2019 study of the avalanche and 
guiding industry in Canada, 5% of participants 
identified as black, Indigenous, or people of colour. 
People who identified as Indigenous reported 
having higher rates of mental health challenges 
due to their work environment, and higher rates 
of suicide-related thoughts than their white peers 
(Reimer & Eriksen, 2022). This work is joined by 

12 http://www.shawnadempseyandlorrimillan.net/ 
#/alps/

conversations outside of peer-reviewed literature 
calling for expanding our assumptions about who 
“belongs” in the outdoors and what adventurers 
look like (Barr & Mortimer, 2020; Youssef, 2021) 
and by organisations working toward making 
mountain recreation more racially inclusive and 
diverse (e.g., Indigenous Womxn Climb, as well as 
Inkluskivity, and Colour the Trails). 

Based on the systematic review, we found 
that this is an area that offers opportunities for 
scholars to contribute to ongoing discussions in 
the public sphere about the role of race in shap-
ing mountain places and people’s experiences of 
them in the Canadian context. Specifically, in-
tersectional studies that consider how race and 
mobility (physical and economic) shape who has 
access to mountain recreation, studies on how 
invisible racialized labour plays out in mountain 
regions, and investigations into how recreational 
practices and cultures are altered and grow from 
changing racial inclusions would be welcome 
contributions.

3.7 Labour

3.7.1 Extraction labour

With the exception of mountain professionals 
(guides, avalanche specialists, etc.), our chapter 
has felt the limitations of our collective expertise 
acutely on the subject of labour. The ways that 
labourers in extractive industries, for instance, 
shaped mountain spaces and carved homes for 
themselves within these spaces is a topic consid-
ered in the work of historical geographers (Gard-
ner, 1986; Harris, 1996, pp. 192–218) but could be 
expanded upon by historians and other scholars 
with other disciplinary lenses. Early scholarly 
work on how labour shapes experiences and 
perceptions of place often juxtaposed labour to 
recreation or environmentalism. We have found, 
based on the literature we located, that histori-
cal work on mining industries in mountains tends 
to focus on disasters (Buckley, 2004; Hinde, 2003). 
This may contribute to ideas of heroic labour her-
itage (Arenson, 2007) in mountain places that un-
derlines dualistic thinking about labour and other 
activities such as recreation, conservation, or tra-
ditional Indigenous practices. However, we cau-
tion this assessment is based on limited expertise.
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3.7.2 Incarcerated labour in mountains

Labour can quite literally make a place. The 
western mountain parks would not look the way 
that they do today without a history of forced 
labour that spanned the first half of the 20th 
century. During the First World War, “intern-
ment camps” at Castle Mountain, Yoho, Cave and 
Basin, and Jasper put “enemy aliens”—mostly 
non-combatant men of ethnic heritages from cen-
tral and southern Europe—to work constructing 
roads, bridges, and tourist attractions. In Revel-
stoke, the Scandinavian-descended immigrants 
who promoted skiing in the area were interned 
to build a park road (Clayton, 2016). During the 
Depression, relief camps served similar purposes 
of providing cheap labour for projects such as 
the Banff-Jasper Highway. During the Second 
World War, internment camps were set up for 
Conscientious Objectors (e.g., Mennonites, Hut-
terites, Doukhobors, and Jehovah’s Witnesses), 
and for Japanese men evacuated from the West 

Coast (Waiser, 1995). While these camps within 
the parks have been well documented in peer- 
reviewed literature, little has been written about 
Camp 133 at Ozada, on Morley Flats, just out-
side the park boundary but within the bounds 
of Stoney Nakoda Reserves 142, 143, and 144. 
We have found grey literature that suggests 
this camp would be a rich topic for investigat-
ing cross-cultural encounters and connections 
during unique historical circumstances. Michael 
O’Hagan’s blog, POWs in Canada,13 considers some 
of the visual art produced by prisoners of war de-
picting tipis flying swastika-emblazoned flags 
with the front ranges of the Rockies as a backdrop 
(Fig. 3.8). We see, again, the western mountain 
parks are well represented in the literature while 
instances outside their bounds, though interest-
ing for their complex social relations, are less 
covered in the peer-reviewed work.

13 https://powsincanada.ca/2022/03/03/seeing-double- 
pow-artists-at-camp-133-ozada/

Figure 3.8: “K.G. Lager 133, Ozada Canada,” 1943, Richard Schädler. Image courtesy of Michael O’Hagan.
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3.7.3 Military labour

Beyond the striking and historically significant 
example of the Alaska Highway (see Sec. 3.7.4), 
the mountainous landscapes and high-latitude 
regions of northern British Columbia, the Yukon, 
and Alaska (Boreal and Taiga Cordillera regions) 
attracted and enabled a wide array of military ac-
tivities. During and after the Second World War, 
military personnel and equipment from southern 
Canada and the United States were transplanted 
temporarily and semi-permanently at various 
northern locales deemed strategic to bolster con-
tinental defence. The Soviet-Finnish Winter War 
of 1939–1940, the Japanese invasion of Aleutian 
Islands in 1942–1943, and the new reality of total 
war that encompassed environments as well as 
troops signalled the military necessity of under-
standing and preparing for conflict in extreme 
environments (Lackenbauer & Farish, 2007). In 
waging the Cold War, military and defence offi-
cials in Canada and the United States approached 
the sub-Arctic and Arctic regions of North Amer-
ica as both a strategic weak point and a natural 
training ground (Farish, 2010). Geography, ter-
rain, environmental conditions, transportation, 
and other obstacles to military operations became 
focal points for research and analysis, as did the 
challenges of acclimating and acclimatising ma-
chines and bodies to the climatic rigours of the 
continent (Godefroy, 2014). 

Within this context, mountain warfare did not 
receive special attention as an actionable military 
consideration for officials in Ottawa. The mili-
tary training exercises that occurred in northern 
Canada and Alaska at mid-century revealed the 
important distinction between winter warfare 
and Arctic warfare, but military officials and stra-
tegic planners approached mountain warfare as 
analogous to jungle combat (Lackenbauer & Kik-
kert, 2016). The distinct topographical features 
of the Rocky Mountains (Montane Cordillera 
region)—wooded ranges, frozen ground, lakes, 
valleys, and snow—represented an extreme en-
vironment which, although challenging, it was 
believed could be overcome by science, engineer-
ing, and human will. Soldiers received training in 
cold-weather survival, often appropriating and 
adapting traditional skills from Indigenous guides 
and knowledge keepers. Skiing, snowshoeing, and 

ground and celestial navigation were equated 
with training for operations in mountainous lo-
cales, but so, too, was the critical importance of 
overcoming the human challenges of positioning 
soldiers in an extreme environment. Some grey 
literature documents the experiences of soldiers 
and researchers in 20th-century military-spon-
sored endeavours (Jackson, 2022). Mountain 
ranges in North America attracted considerable 
military activity in the mid-20th century, but 
the full extent of the human and environmental 
consequences of that activity remains largely un-
clear. Isolated studies of specific regiments and 
individuals who trained in the Canadian Rock-
ies (Reichwein, 2014, pp. 186–195; Smythe, 2013; 
Taylor, 1994, pp. 301–312) are an invitation to 
scholars to expand upon their beginnings and 
the excellent work that focuses on the Arctic and 
sub-Arctic.

3.7.4 Built infrastructures

Built infrastructures shape how land is used and 
experienced. For instance, see the literature on 
the ways that infrastructures installed for the 
1988 and 2010 Olympic Winter Games can have 
lasting impacts on mountain places and the ways 
people engage with them (Kariel & Kariel, 1988; 
Sant, 2015).

3.7.5 Mountain professionals

One of the strongest assessments we can make 
of how labour operates as a place-making tool is 
the case of mountain professionals—guides, ava-
lanche technicians, researchers, surveyors, and 
professional athletes. Two of our authors are 
mountain professionals and have shared their 
knowledge of how this group of people know 
mountains as home.

The morning was crisp on the darkened 
valley road, the rising sun just illuminating 
the tops of Hermit range off to the north, 
winds are barely tracible to us in the valley 
but seems to be coming from the SSW, yet 
at upper levels the clouds are wispy towards 
the east .... The smell of earth from the dew 
indicates that cooler nights are starting, 
and it might be a wet walk into our camp. 



RECL AIMING DAŃ K’E (THE PEOPLE’S WAY)

Sometimes infrastructures can have effects that are un-
foreseen or unintended. Beginning in 1942, the construc-
tion of the Alaska Highway by the United States military 
led to a host of short and long-term consequences includ-
ing several epidemics between 1942–1948, the introduc-
tion of new goods and technologies, and short-term meat 
shortages resulting from overhunting by US military and 
civilian personnel (Nadasdy, 2003, pp. 32–38). One of 
our authors, Elder Gùdia Mary Jane Johnson (Lhu’  ààn 
Mân Ku Dań) lived through these changes and shared 
her knowledge with CMA author Linda Johnson in con-
versations that took place in September 2022. Together, 
they prepared the following paragraphs.

During one frenzied year from 1942–43 the 
U.S. Army Corps of Engineers and a multitude of 
contractors built the 1000-mile [1600-km] Alaska 
Highway across the uncharted mountainous 
regions of northern British Columbia, the Yukon 
and into Alaska. Many First Nations’ men guided 
the surveyors following their ancestors’ foot trails; 
it followed that much of the original route was 
built on the First Nations’ trails. The gravel road 
opened the first permanent year-round transpor-
tation corridor from southern Canada and the 
U.S. to these remote areas of North America. First 
Nations communities, animals, even plant life felt 
immediate and profound changes from that one 
Second World War project—bulldozers, trucks, and 
11,000 soldiers crowded into temporary camps 
along the route causing damage to critical habitat, 
overhunting animals and affecting the food secu-
rity for both First Nation peoples and animals that 
depended on those lands for food. Although some 
northern people gained work opportunities and 
the state of Alaska was thereby connected to the 
lower 48, overall it was a very hard time for First 
Nations families and communities who suffered 
from epidemic diseases, displacement, and other 
distressing experiences that had negative conse-
quences long after completion of the highway, the 
effects of which resonate to this day.

The post-Second World War era brought a flood 
of newcomers along the new vehicle corridor into 
Lhù’ààna (the Kluane region): workers to maintain 
the highway and to construct the parallel telegraph 
line and eight-inch oil pipeline, then missionaries, 
and entrepreneurs intent on pursuing fresh pros-
pects. Canadian federal government agents also 

gained access to vast areas asserting new man-
agement regimes that affected all aspects of life 
for the First Nations people. In response to reports 
of overhunting, the Yukon government amended 
the Game Ordinance to limit the sale of meat and 
hides and introduced trapline registration and reg-
ulations. The Yukon and Canadian governments 
established the Kluane Game Preserve in 1943, 
banning all First Nations people from large areas 
west of the highway for hunting, trapping, and 
fishing. While they still could gather plants for food 
and medicines, they were banned from practicing 
their traditions of animal and land conservation 
that had helped to maintain ecological balance 
and from being part of the sacred and natural 
laws in bird, fish, animal, and plant communities 
existing since time immemorial. The penalties 
imposed on First Nations people for violations of 
the newcomers’ laws were harsh and ongoing for 
decades. With only meagre community consulta-
tion, the Kluane Game Preserve boundaries were 
expanded by government with further restrictions 
imposed after the creation of Kluane National Park 
and Reserve in 1972.

The newly constructed highway permitted year-
round access for government officials to enforce 
laws requiring all First Nations children to attend 
school, removing children from their families 
and home communities to far distant residential 
schools. Children were forced to cut their hair, 
speak a different language, wear westernised 
clothes, and eat a new high calorie, low nutritious 
diet. All these policies, programs and practices 
created devastating impacts and massive upheaval 
for the First Nations Peoples in this mountain 
region.

Many families were relocated by government 
agents to land set aside within a different First 
Nation’s Traditional Territory, some became en-
franchised and moved to non-Native communities 
to make a monetary living. This new regime lacked 
acknowledgement of millennia of First Nations’ 
governance, and instead sought to control every 
aspect of their lives from birth to death. The re-
moval of children devastated communities, some 
of which were left without children between the 
ages of 5 to 18 years of age for decades. The 
residential school policy is at the root of much 
of the intergenerational trauma that continues in 
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The ruffed wing swallow (Stelgidopteryx 
rufkollis) songs and the all-pervading croak 
of ravens (Corvus corax) are all around, the 
mosquitoes attack behind our ears and 
wherever skin is exposed, nonetheless our 
woollies will be coming off once we get into 
the sunny avalanche paths of open sections 
of Arnica (Arnica cordifolia) and Mountain 
Heather (Phyllodoce empetriformis) with cool 
shadows of Alder (Alnus incana), Devils Club 
(Oplopanax horridus) small trickling streams. 
The path is rooted by stands of Hemlock 
(Tsuga mertensiana), Yew (Taxus brevifolia), 
and cedar (Thuja plicata) with open rocky in 
places where ancient rockslides occurred.... 
Our packs are hardly noticeable except for 
the odd creaking noise from our hip belts 
and the slower pace on the steeper hills. 
Cool air fills our lungs in the shadows, and 
warm dust coats our throats in the open. 
As we ascend, the elevation is notable by 
the sweet smell of Fir (Abies lasiocarpa) with 
pockets of strong sour smell of Valerian 

(Valeriana sitchensis) .... As the snow melts 
rocks from their peccaries’ ledges, we hear 
rock fall from higher areas across the valley. 
(Tim Patterson, 1979)

This is a segment from a trip log, detailing minute 
observations made during a hike into camp and 
capturing the writer’s sense of being embedded 
in a complex, layered, and dynamic place (Duncan 
& Agnew, 2014). Mountain professionals develop a 
strong, often emotionally charged sense of place 
as they move through the mountains for their 
work. This connection is built through practice, 
language, and learning, cultivating strong attach-
ments to mountains as more than a worksite or 
playground, but intimately as a home (Bachelard 
et al., 1969). 

Exposure to the dangers of moving in environ-
ments characterised by snow and ice, exposed 
terrain, extreme weather, and risk of avalanches 
or rock falls imbues mountain professionals’ 
sense of home with raw emotional power. Many, 
especially those working at high elevations have 

First Nations communities and has had devastat-
ing results such as language loss, loss of cultural 
practices, fear and shame of ancestral knowledge 
of their mountain homelands.

In the 1960s through the 1990s the people 
began to assemble, gaining strength from Dáh 
Shäw (Our Elders: Nadene—Southern Tutchone—
Lhù’ààna dialect) and from the American Indian 
Movement (AIM) and other civil rights movements 
around the world. Yukon First Nations reasserted 
their inherent rights to land and water, they sought 
to reclaim their Dań Kwanje (the People’s words), 
culture, and Dań K’e (the Peopleʼs way). The 
eleven First Nations who negotiated and signed 
comprehensive Land Claims and Self Govern-
ment Agreements with Canada and the Yukon 
governments transformed Yukon society, including 
the restoration of hunting, fishing, gathering, and 
trapping rights and co-management regimes for 
Champagne & Aishihik First Nations, and Kluane 
First Nations people within the national and territo-
rial parks in each First Nation’s Traditional Territory.

As the above paragraphs attest, roads meant to connect 
also displace and disconnect animals, people and other 

life from their Homelands. Further developments of in-
frastructures and modern-day resource extractive indus-
tries interact with other forces to influence governmental 
policies that affect land and water—any and all access 
has intergenerational impacts. On the second day of the 
CMA Learning Circle, Gùdia Mary Jane Johnson (Lhù’ààn 
Mân Ku Dań) explained how after the U.S. Army used 
the defoliant Agent Orange on the construction of the oil 
pipeline paralleling the Alaska Highway: “years later we 
saw many strong, healthy Dashaw—Our Elders sudden-
ly become sick with esophageal and stomach cancers” 
(LC 3.22). “The loss of Dashaw—Our Elders profoundly 
affected our communities.”

/continued from page 161

Gùdia Mary Jane Johnson, Lhù’ààn  
Mân Ku Dań, 2022, LC 3.22
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lost colleagues and friends. For some, this adds to 
their depth of feelings for mountains, as emotion-
ally charged memories further feelings of being 
at home in the mountains. There is a body of grey 
literature dealing with how professional and ama-
teur mountain athletes deal with the give and take 
of mountains (e.g., Roberts, 1968), some of which 
considers the differential stakes for women and 
parents (e.g., Mort, 2022; Tabei, 2017), but, with 
the exception of recent films (Mortimer & Rosen, 
2021; Mosher, 2021), we found none that did so for 
mountains in Canada. We judge this to be a worth-
while topic for further scholarly investigation.

Deep senses of place and feelings of being at 
home in the mountains develop through prac-
tices of hiking, skiing, climbing, and working 
among mountains over days, months, and years, 
they develop a layering of experience. Profession-
als must understand and familiarise themselves 
with the characteristics and qualities of mountain 
landscapes, as is evident from the above excerpt. 
In the process of doing so, they become inti-
mately connected with the places they frequent. 
Such practices orient mountain professionals to 
dwell in mountains as places of experience and 
meaning—what Edward Casey identifies as ‘thick 
places’ (2001)—rather than experience them as 
venues merely for exploration and consumption.

This process is further developed through lan-
guage. Mountain professionals typically speak 
about their experiences subjectively, informed by 
years of experience. This is best seen in morning 
briefings where weather, snow, or route condi-
tions are outlined and discussed with reference 
to knowledge of past circumstances of particular 
places. Their stories are situated in the landscape 
(Basso, 1996). Anthropologists have examined 
how matrices of stories extend and deepen ex-
periences of place (Cruikshank, 1998). Frequent 
use of anecdotes, metaphors, and jokes in moun-
tain professionals’ narratives demonstrates the 
lived experience of their knowledge. This is cap-
tured well in Métis mountaineer and guide Barry 
Blanchard’s The Calling: A Life Rocked by Mountains 
(2014). Blanchard’s stories reveal a deep, intimate 
knowledge of mountains. 

The acquisition and transmission of knowledge 
of place plays a formative role, in conjunction with 
movement through mountain spaces, in develop-
ing professionals’ intimate relation to mountain 
places. Mountain professionals are, by necessity, 

students of mountains. Knowledge of snowpack, 
terrain features, ecology, and weather is neces-
sary for successful forays into the mountains. The 
knowledge acquired through observation, prac-
tice, and experience are among the gifts mountain 
professionals receive from working and being in 
the mountains. For guides, avalanche specialists, 
professional athletes, and the like who make their 
living out of moving through mountains, their 
montane homes are places of layered meaning 
and identification.

With the proliferation of adventure travel 
and social media, more people are coming to the 
mountains. The increase in popularity of moun-
tain activities is both a blessing and a curse for 
mountain professionals and their communities. 
Those seeking mountain experiences will look to 
hire professionals and thereby support the guid-
ing industry, and they will unknowingly rely on 
the services of avalanche specialists, researchers, 
and others to ensure they stay safe. While the 
mountains have been commodified since at least 
the advent of railway tourism, the increased 
volume of traffic and the greater commodifi-
cation of experiences in the mountains impact 
mountain denizens and the landscapes them-
selves (Taylor, 2007; Zezulka-Mailloux, 2007). 
These changes can alter the relationship between 
mountain professionals and the places they work, 
sometimes challenging the sense of home they 
find within the mountains. 

Although our understanding of these topics 
is informed by first-hand author experiences, 
we note that there is little peer-reviewed social 
sciences literature on the topic of mountain 
professionals’ experiences of place in Canadian 
mountain regions. Notable exceptions are recent, 
generally critical, studies concerning gender 
in mountain professions. Women comprise ap-
proximately 10–15% of the Canadian guiding 
and avalanche industry workforce. A 2019 study 
amongst industry associations found that gender 
discrimination affects 1 in 2 female guides, and 
that this is primarily centred on perceptions of 
their competence as compared to male peers 
(Reimer & Eriksen, 2022). Guiding and avalanche 
work, it seems, carries with it colonial legacies of 
mountains as White cis-male spaces. This becomes 
apparent in perceptions within the profession 
(and likely also without). One study participant 
shared, “As a White male, I am the sought after 
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‘ideal’ of a guide and I am treated as such”; and 
another, “if you are not White male, you’d better 
be ultra-competent and strong” (p. 157). Lived ex-
periences of gender discrimination in the guiding 
industry, from higher to lower frequency, centred 
on: 1) competence; 2) motherhood; 3) traditional 
gender roles; and 4) hostile, sexualized work en-
vironments. The 2019 study also found that 1 in 
3 women in the profession experienced sexual 
harassment, and of those, 30% experienced un-
wanted touching or further violation. Of those 
harassing experiences, 60% were instigated by 
fellow guides and co-workers (Reimer & Eriksen, 
2022, p. 158). Critical examination of the effects 
of this on the felt sense of belonging and safety 
for women in the mountains is an emerging area 
of research. It seems to us that there is room for 
work along these lines that carefully considers 
the specificity of context, including how gender, 
class, language, and race influence how mountain 
professionals experience and work in mountain 
spaces.

3.8 Governance in Contemporary 
Mountain Spaces

3.8.1 Mountains as borderlands

Mountains have long been regarded as natural 
borders and states have used them to support 
territorial claims (Debarbieux & Rudaz, 2015; 
Hansen, 2013). Certainly, mountains can act as 
barriers. Daniel Sims (Tsay Keh Dene First Na-
tion), observed during the CMA Learning Circle 
that the mountains surrounding his community 
are part of the reason why they enjoy greater 
access and governance over their Traditional Ter-
ritory (LC 3.23). Geographer Cole Harris made an 
analogous point about the efficacy of mountain 

geographies as blockades to colonial law (Harris, 
2008) (see Sec. 3.6.1). Scholarly work considering 
mountains and national borders in the Cana-
dian context tends to be natural scientific and 
bureaucratic in orientation, often concerned 
with megafauna migration across international 
boundaries (Jones, 2010; Proctor et al., 2012, 2015, 
2018), and international water treaties such as 
the Columbia River Treaty (Cosens, 2012; Hirsch, 
2020). Academic work investigating mountains in 
Canada as boundaries assumed, made, and main-
tained appears to be lacking. The related topic 
of mountain warfare—its impacts on people and 
places, and how mountains shape practices of 
war—is also explored for other mountain regions 
(Kemkar, 2006), but we have found nothing on 
this topic in the Canadian context.

3.8.2 Indigenous governance in 
mountain places

Mountain regions—like all other regions in North 
America—are characterised by complex, long- 
standing, political relationships between Indig-
enous Peoples and their Traditional Territories 
and with settler-colonial states and governance 
systems, including treaties, imposed land owner-
ship arrangements in contexts where they were 
alien, and much more. This section explores these 
relationships through engaging with Indigenous 
governance or the many ways that Indigenous 
Peoples have governed themselves and continue 
to do so despite the profound impacts of historic 
and ongoing colonialism. We found that there is 
minimal literature explicitly about Indigenous 
governance of mountain regions. We find there 
are two main reasons for this. First, the literature 
about Indigenous Peoples in mountain spaces 
often fails to acknowledge that Indigenous ways 
of knowledge and being expressed through oral 
history and practice also contain knowledge about 
governance and law (Todd, 2016; Whyte, 2017). We 
understand this misrecognition or overlooking of 
the existence of Indigenous governance and law 
to be a form of settler-colonial violence, grounded 
in ontological difference, that has tremendous 
implications for the ability of Indigenous Peo-
ples to maintain their collective continuance 
(Todd, 2016; Whyte, 2017). Second, when there is 
literature on Indigenous governance relevant to 

Daniel Sims, Tsay Keh Dene First Nation, 2022, LC 3.23 
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it has broad implications for Indigenous-State rec-
onciliation in Canada. It makes clear that modern 
land claims, which create a framework for shared 
governance between First Nations and settler- 
colonial governments, should not be interpreted 
in a narrow legalistic manner. Instead, the case 
affirms that reconciliation is fundamental to the 
implementation of modern land claims including 
provisions for co-management, which are legally 
binding and the “Crown” must act honourably 
in their implementation (Langlois & Truesdale, 
2015a, 2015b). This means that settler-colonial 
governments have a responsibility to interpret 
the terms of land claims agreements generously 
and with the intent to achieve reconciliation. The 
final approved plan was completed in 2019 (Peel 
Watershed Planning Commission, 2019).

Indigenous Peoples in mountain places are 
also working hard to revitalise their Indigenous 
law and governance systems. Examples can be 
found through the work of the Relaw (“Revital-
izing Indigenous law”) program with West Coast 
Environmental Law. For instance, since 2017, the 
Taku River Tlingit, whose Traditional Territory 
is located in northern British Columbia (Boreal 
Cordillera) have been working to revitalise their 
governance system as a “living law that can and 
should be taught, learned and used every day” 
(West Coast Environmental Law, 2022a). They 
have documented their process in a video.14 
Similarly, the sməlqmíx, the syilx people of the 
Similkameen Valley in southern British Columbia 
(Montane Cordillera), issued a declaration stating 
the nʔaysnúlaʔxw snxaʔcnitkw (Ashnola Water-
shed in its entirety) as an Indigenous Protected 
and Conserved Area (IPCA) (West Coast Environ-
mental Law, 2022b).

3.9 Conclusion

As the stories recounted and assessed in this chap-
ter demonstrate, mountain homes and Home-
lands are places of complex, layered histories, 
evolving and competing practices and represen-
tations, and wells of cultural and spiritual mean-
ing for Indigenous and non-Indigenous people. 

14  https://www.youtube.com/watch?v=IvCOtp0MpFk

mountain spaces, it often simply occurs in moun-
tain spaces rather than being explicitly about 
governance of uniquely mountainous spaces and 
relations. While it is beyond the scope of this 
review to examine all literature on Indigenous 
governance in mountain spaces, below we pres-
ent several examples. 

The 15-year Peel Watershed Regional Land 
Use Planning process in Yukon is a story of en-
vironmental protection, Indigenous governance, 
and conservation in a mountain region (Section 
adapted from Wilson, 2020; see also Staples et 
al., 2013). The Peel Watershed Planning Commis-
sion developed a plan in 2011 (through a 7-year 
co-management process outlined in Chapter 11 of 
the Yukon Final Agreements). The recommended 
plan did not meet the Yukon government’s expec-
tation due to the high degree of protected lands 
(80% protected). Rather than making recommen-
dations to the plan developed by the Commission, 
the Yukon Government developed their own 
plan including new land use designations and 
reduced protected areas (71% open for min-
eral exploration and 29% protected lands). The 
Yukon Government’s decision was the subject of 
legal action by three First Nations (First Nation 
of Nacho Nyak Dun, Tr’ondëk Hwëch’in, and 
Gwich’in Tribal Council), along with the Yukon 
Chapter-Canadian Parks and Wilderness Soci-
ety and Yukon Conservation Society including a 
series of court cases between 2014 and 2017 that 
went all the way to the Supreme Court of Canada. 
In 2014, the Yukon Supreme Court ruled in their 
favour stating that the Yukon Government’s 
actions did not reflect reconciliation as funda-
mental to the “spirit and intent” of modern land 
claim agreements (The First Nation of Nacho Nyak 
Dun v. Yukon, 2014). The Yukon Government ap-
pealed this decision, and in 2015 the Yukon Court 
of Appeal partially reversed the Yukon Supreme 
Court’s decision (The First Nation of Nacho Nyak Dun 
v. Yukon, 2015). First Nations appealed this second 
decision and the Supreme Court ruled in favour of 
the First Nations sending the parties back to the 
point in the process where “Yukon can approve, 
reject, or modify the Final Recommended Plan” 
(First Nation of Nacho Nyak Dun v. Yukon, 2017 SCC 58, 
2017).

While the Peel trial was about interpreting how 
the land use planning process in Yukon is laid out, 
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Yet, to have mountains as a Homeland is differ-
ent from having one’s home in the mountains. In 
closing the meeting of the Canadian Mountain As-
sessment Learning Circle, Elder Gùdia Mary Jane 
Johnson (Lhu’  ààn Mân Ku Dań) reflected on the 
fact that:

We came from different mountain regions 
on the land. We came from the St. Elias, 
where I come from; the Rockies, down in 
this area; the Mountain Dene mountains; the 
mountains in interior British Columbia; 
the Chic-Choc mountains in Quebec; a little 
bit of the Torngat mountains in Labrador. 
So, we’re really from all places. (LC 3.24)

In light of this geographical and cultural diversity 
of mountain Homelands, we have endeavoured 
to be careful and specific in our thinking and 
our words. At the same time, Gùdia Mary Jane 
reminds us that the “one thing that has brought 
us all together is that we all come from the land” 
(LC 3.24). Illustrating this similarity, Learning 
Circle Indigenous Knowledge Holders repeatedly 
commented on how many of them face similar 
pressures and threats to their Homelands and 
access to these lands, a topic that will be treated 
at greater length in Chapter 5: Mountains Under 
Pressure.

Despite all that we have learned from in pre-
paring this chapter, there are numerous gaps 
in the topics and regions we were able to assess 
given the limitations of author expertise and time 
constraints (Table 3.1). The state of knowledge for 
these areas and issues remains uncertain.

Overall, we have found that the literature 
on mountain Homelands and homes gravitates 
toward the west, with mountain regions in Al-
berta, British Columbia, and the Yukon accounting 
for the bulk of the material. 

We found that there is a decent amount of 
English-language literature on multispecies re-
lations, but that French-language scholarship is 
more limited. The multispecies literature tends 
to focus on Indigenous relations with animals 
and plants; we note that with the exception of a 
few well-known studies (e.g., Cruikshank, 2005), 
there are few concerned with relations to beings 
other than plants and animals. With the possible 
exception of the case of bears, studies concerned 
with non-Indigenous peoples’ multispecies rela-
tionships with non-humans are an area to which 
scholars could productively contribute, as are 
the ways that mountains can serve as religious or 
spiritual places for non-Indigenous peoples in Ca-
nadian contexts.

While we know quite a lot about the ways that 
settler colonial infrastructures, ideas, represen-
tations, and practices shaped mountain regions 
in the West, in particular the Rocky Mountains, 

Table 3.1: Examples of topics not assessed in this 
chapter

Non-Indigenous religious and spiritual experiences of 
mountains in Canada

The multispecies relations around salmon in the Atlantic 
Maritime and Boreal Shield Region

2SLGBTQI+ experiences of mountains outside the context 
of recreation

The role of tourism in shaping mountain homes and 
Homelands

The specifics of early colonial incursion for each mountain 
region in Canada

The role of heritage preservation in shaping mountain 
parks & protected areas

The specific histories and analysis of the governance for 
each mountain park & protected area

Extraction labour as a form of place making in mountains

The role of lobbyists of various kinds (industrial, 
environmentalist) in shaping mountain places

Scholarship relevant for place-making in Arctic Cordillera, 
Interior Hills North, Interior Hills West, and Interior Hills 
Central regions

Specifics of literatures for mountain place-making 
in Atlantic Maritime and Boreal Shield, and Eastern 
Subarctic regions

Gùdia Mary Jane Johnson, Lhù’ààn  
Mân Ku Dań, 2022, LC 3.24
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we deem that there is more to be known about 
how these were established and continue to op-
erate in other mountain regions. The impacts and 
workings of systems of private land is another 
area where we noticed an opportunity for greater 
scholarly engagement. We believe that more stud-
ies that carefully treat such systems as diverse 
and changing over time, with an eye to their onto-
logical implications for how land is known, used, 
and experienced, would be especially welcome 
for our understanding of mountain Homelands 
and homes.

We note that one important virtue of studies 
that investigate non-Indigenous peoples’ multi-
species and spiritual relations in mountains, as 
well as those that examine the precise, ongoing 
workings of settler colonialism is that such work 
can reveal non-Indigenous and colonial ways of 
knowing and doing as one type among many, 
rather than as “natural”, “normal”, or “default”.

Based on our assessment of the role recreation 
plays in the shaping of mountains as home and its 
impact on mountains as Homelands, we conclude 
that the following areas are subjects about which 
we need to know more: how various forms of rec-
reation in addition to skiing and mountaineering 
have shaped mountains in Canada and their de-
mographics; how recreational practices differ 
across mountain regions in Canada; intersec-
tional experiences of mountain places through 
recreation; how race, specifically, intersects with 
recreation in the context of mountains, and how 
tourist experiences can impact governance of 
mountain spaces through advocacy groups and 
lobbying. We also noted an opportunity in the 
literature to study the impacts and alterations 
which commodification and increased visitor 

traffic have on mountain homes and Homelands, 
a topic taken up in greater detail in Chapter 5.

The topic of governance, both Indigenous and 
non-Indigenous, in Canadian mountain regions is 
a weak point in our assessment due to the compo-
sition of our author group. We agree much more 
can be surveyed and known about how legal and 
political systems shape mountain homes and 
Homelands for all their denizens, human and non- 
human.

Finally, we note that while there is literature 
on the ways that Indigenous Peoples in Canada 
were dispossessed or barred from their moun-
tain Homelands, there are fewer documented 
stories detailing resistance, refusal, and co-opt-
ing of colonial structures for the purpose of 
re-establishing and maintaining connection to 
mountain Homelands. We know these stories 
exist because we heard them from our colleagues 
at the CMA Learning Circle, and we have tried to 
highlight them where we could. However, this lack 
of understanding seems symptomatic of a more 
general feature of the literature. Topics exploring 
how Indigenous Peoples cultivate and maintain 
mountain Homelands are generally treated in 
isolation from those considering how non-Indig-
enous people are at home in mountains, except 
when the stories are ones of hegemony and dis-
possession. We are uncertain to what extent this 
may be an artefact of the framing we have used 
in this chapter. Still, our framing seems unable 
to fully account for this observed separation. It 
seems, then, that there is an opportunity, even a 
need, for studies that weave together, in fulsome 
ways, the multiple, interconnected, and ever- 
evolving stories of mountain Homelands and 
homes. 

Glossary

Indigenous Epistemologies and Ontologies: Indig-
enous Peoples, and their ways of knowing and being, 
have been suppressed and marginalised through colo-
nialism both historically and in an ongoing manner. In 
spite of this, Kim TallBear (Sisseton Wahpeton Oyate) 
reminds us, “[I]ndigenous peoples have never forgot-
ten that non-humans are agential beings engaged in 
social relations that profoundly shape human lives” 
(TallBear, 2015, p. 234). Yet, Western knowledge sys-
tems are limited in their capacity to account fully for 
Indigenous worldviews (Hunt, 2014; Z. C. Todd, 2016; 

Watts, 2013). Consequently, Indigenous ontologies are 
frequently seen as cultural perceptions that occupy 
the realm of “myth” or “belief.” There is a need to 
take Indigenous Peoples’ ontological assumptions lit-
erally rather than symbolically (Hunt, 2014; Nadasdy, 
2007) and by doing so to take seriously the possibility 
and politics of multiple worlds that include an active 
role for non-human relations such as plants, animals, 
rocks, glaciers, water, and more. Sarah Hunt (Kwagi-
ulth, of the Kwakwaka’wakw Nation) points out that 
to move beyond the limits of Western knowledge we 
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must centre Indigenous Knowledge Holders including 
the “work of Indigenous thinkers (scholars, Elders, 
community leaders, activists, community members) 
[which] contain a wealth of place-specific practices for 
understanding how categories of being are made pos-
sible within diverse Indigenous cultures” (Hunt, 2014, 
p. 27). Much of this, we believe, has not been captured 
in our assessment.

Indigenous Governance: Indigenous governance refers  
to the many ways that Indigenous Peoples have gov-
erned themselves and continue to do so despite the 
profound impacts of historic and ongoing settler- 
colonialism on their “collective continuance,” in-
cluding ways of life, health, and culture (Barker, 2011; 
Borrows, 2002; Coulthard, 2014; Ladner, 2017; Napo-
leon, 2013; Simpson, 2014; Whyte, 2017). Indigenous 
governance starts from the assumption that all Indige-
nous Peoples “had self-complete, non-state systems of 
social ordering that were successful enough for them 
to continue as societies for tens of thousands of years” 
(Napoleon & Friedland, 2014, p. 3). While disrupted by  
historic and ongoing colonialism, knowledge of these 
systems persists in practice and oral traditions (Bor-
rows, 2002; Napoleon, 2013). Indigenous Peoples are 
working to revitalise their legal and governance sys-
tems and to assert their self-determination within and  
outside of processes of state-based recognition (Coult- 
hard, 2014). While Indigenous ontologies and episte-
mologies are often misidentified as just being about 
relationships to the environment or cultural under-
standings, Indigenous governance scholarship and 
practice reminds us that they are complete systems 
that also contain knowledge about governance and law 
(Todd, 2016; Whyte, 2017).

Ontology and Epistemology: Ontologies are ways of 
being and epistemologies are ways of knowing. Ontolo-
gies are systems of identification and classification that 
define the boundaries between things in the world (De-
scola, 2013). By way of analogy, if the world is a room, 
an ontology is a description of the furniture in it, and 
how they are arranged in relationships to one another. 
There are different ways to furnish rooms and differ-
ent ways to arrange their placements, so, too, are there 

different ontologies or models of the world. In other 
words, ontologies can be thought of as the basic con-
ceptual underpinnings of the meaning, purpose, and 
identity of a thing and where it belongs in the larger 
social order of relations, obligations, and origin (De-
scola, 2013). Epistemologies are accounts about what 
knowledge is, how it is obtained, and what features 
make it valid or invalid.

Settler-Colonialism: Settler-Colonialism is a form of co-
lonialism in which colonisers dispossess Indigenous 
Peoples of their land for settlement and resource de-
velopment. Both colonialism and settler-colonialism 
are based on domination by an external power, only 
settler-colonialism seeks to replace Indigenous Peoples 
with a settler society (Wolfe, 2006). Settler-colonial 
scholars define colonialism as a “structure, not an 
event” (Kauanui, 2016; Wolfe, 2006). We define colo-
nialism, and resistance to colonialism, as “a living, 
quotidian, and ever present moment that actors can in-
teract with and interrupt. It is not an event, not even a 
structure, but a milieu or active set of relations that we 
can push on, move around in, and redo from moment 
to moment” (Barker, 2011; King, 2019, p. 40). Defining 
colonialism as a set of active relations, we understand 
colonialism as something that attempts to destroy or 
replace Indigenous relations. This negotiation and 
dispossession are ongoing. In this way, we understand 
colonialism as something that attempts to destroy or 
replace Indigenous relations with colonial relations. 
While different sets of relations are not necessarily mu-
tually exclusive, colonial relations based on “property” 
and “ownership” seek to replace or dispossess Indige-
nous Peoples of their Homelands in a way that seeks to 
destroy Indigenous land relations and resistance to co-
lonialism. While dispossession is often initially carried 
out by physical force, diverse technologies maintain 
this dispossession (e.g., maps, laws, and numbers) 
(Harris, 2004). In other words, settler-colonialism is a 
set of technologies of “alienation, separation, conver-
sion of land into property and of people into targets of 
subjection” (Yang, 2017). All forms of dispossession are 
legitimated, justified, and reinforced through ideology 
and discourse about identity (Harris, 2004).

References

Adams, M. S., Connors, B., Levi, T., Shaw, D., Walkus, J., 
Rogers, S., & Darimont, C. (2021). Local Values and Data 
Empower Culturally Guided Ecosystem-Based Fisheries 
Management of the Wuikinuxv Bear-Salmon-Human 
System. Marine and Coastal Fisheries, 13(4), 362–378.

Allan, T. E. (2018). The Hummingbird Creek archaeological 
site: An ancient hunting camp in Alberta’s central Rockies, 
Canada. [Master’s thesis, University of British Colum-
bia]. https://doi.org/10.14288/1.0365751

Andrews, T. D., & MacKay, G. (2012). The Archaeology and 
Paleoecology of Alpine Ice Patches: A global perspec-
tive. Arctic, 65(5), iii–vi.

Andrews, T. D., & Zoe, J. B. (1997). The Idaa Trail: Archae-
ology and the Dogrib Cultural Landscape, Northwest 
Territories, Canada. In G. P. Nicholas & T. D. Andrews, 
At the Crossroads: Archaeology and First Peoples in Canada 
(pp. 160–177). Archaeology Press.



MOUNTAINS AS HOMELANDS 169

Arenson, A. (2007). Anglo-Saxonism in the Yukon: The 
Klondike Nugget and American-British Relations in the 
Two Wests, 1898–1901. Pacific Historical Review, 76(3), 
373–403.

Atlas, W., Ban, N. C., Moore, J. W., Tuohy, A., Greening, S., 
Reid, A. J., Morven, N., White, E., Housty, W. G., Housty, 
J. A., Service, C. N., Greba, L., Harrison, S., Sharpe, C., 
Butts, K. I. R., Shepert, W. M., Sweeney-Bergen, E., Mac-
intyre, D., Sloat, M. R., & Connors, K. (2021). Indigenous 
Systems of Management for Culturally and Ecologically 
Resilient Pacific Salmon (Oncorhynchus spp.) Fisher-
ies. Bioscience, 71(2), 186–204.

Bachelard, G., Jolas, M., & Bachelard, G. (1969). The poetics 
of space. Beacon Press.

Barker, J. (2011). Why ‘Settler Colonialism’ Isn’t Exactly 
Right. Tequila Sovereign, 13.

Barr, Z., & Mortimer, P. (Directors). (2020). Black Ice.
Basso, K. (1996). Wisdom Sits in Places: Landscape and Lan-

guage among the Western Apache. University of New 
Mexico Press.

Bastien, B. (2004). Blackfoot Ways of Knowing: The Worldview 
of the Siksikaitsitapi. University of Calgary Press.

Beck, J. S. (2006). No Ordinary Woman: The Story of Mary 
Schäffer Warren. Rocky Mountain Books.

Berger, C. (1983). Science, God, and Nature in Victorian Can-
ada. University of Toronto Press.

Bernbaum, E. (1997). Sacred Mountains of the World. Univer-
sity of California Press.

Bernbaum, E. (2006). Sacred Mountains: Themes and 
Teachings. Mountain Research & Development, 26(4), 
304–309.

Blanchard, B. (2014). The Calling: A Life Rocked by Mountains. 
Patagonia.

Bonamy, M., Herrmann, T. M., & Harbicht, A. B. (2020).  
‘I think it is the toughest animal in the North’: Human- 
wolverine interactions among hunters and trappers in 
the Canadian Northwest Territories. Polar Geography, 
43(1), 1–24. https://doi.org/10.1080/1088937X.2019.
1685020

Borrows, J. (2002). Recovering Canada: The Resurgence of 
Indigenous Law. University of Toronto Press, Scholarly 
Publishing Division.

Bradshaw, G. A. (2020). Talking with Bears: Conversations 
with Charlie Russell. Rocky Mountain Books Ltd.

Braun, B. (2000). Producing Vertical Territory: Geology 
and Governmentality in Late Victorian Canada. Ecu-
mene, 7(1), 7–46.

Brightman, R. (1993). Grateful Prey: Rock Cree Human-Animal 
Relationships. University of California Press.

Buckley, K. (2004). Danger, Death and Disaster in the Crows-
nest Pass Minces, 1902–1928. University of Calgary Press.

Camerini, J. (1996). Wallace in the Field. Osiris, 11, 44–65.
Carlson, K. T., Schaepe, D. M., Smith, D. A., McHalsie, A. 

“Sonny,” Rhodes, L., & Duffield, C. (2006). A Stó:ló-Coast 
Salish Historical Atlas. Douglas & McIntyre.

Cavell, E. (1983). Legacy in Ice: The Vaux Family and the Cana-
dian Alps. Whyte Foundation.

Champagne and Aishihik First Nations, Greer, S., Gaunt, S., 
Strand, D., Joe, S., Fingland, J., Chambers, R., Adamson, 
J., Charlie, W., Jackson, M., & Smith, J. (2017). Tradi-
tional Stories of Glacier Travel. In R. Hebda, S. Greer, 
& A. Mackie (Eds.), Kwädąy Dän Ts’ìnchį: Teachings from 
Long Ago Person Found (pp. 419–435). Royal BC Museum.

Chan, K. M. A., Gould, R. K., & Pascual, U. (2018). Editorial 
overview: Relational values: What are they, and what’s 
the fuss about? Current Opinion in Environmental Sustain-
ability, 35, A1–A7.

Chen, Q., & Reichwein, P. A. (2016). The Village Lake 
Louise Controversy: Ski Resort Planning, Civil Activ-
ism, and the Environmental Politics of Banff National 
Park, 1964–1979. Sport History Review, 47(1), 90–110. 
https://doi.org/10.1123/shr.2015-0015

Chiniki Research Team, & Stoney Elders for Chiniki Band 
Council. (1980). Ozade Mnotha Wapta Makochi: Stoney 
Place Names.

Clark, D. A., & Slocombe, D. S. (2011). Grizzly Bear con-
servation in the Foothills Model Forest: Appraisal of 
a collaborative ecosystem management effort. Policy 
Sciences, 44(1), 1–11. https://doi.org/10.1007/s11077-
010-9118-y

Clark, D., Artelle, K., Darimont, C., Housty, W., Tallio, C., 
Neasloss, D., Schmidt, A., Wiget, A., & Turner, N. (2021). 
Grizzly and polar bears as nonconsumptive cultural 
keystone species. FACETS, 6(1), 379–393. 
https://doi.org/10.1139/facets-2020-0089

Clark, D., & Joe-Strack, J. (2017). Keeping the “co” in the 
co-management of Northern resources. Northern Public 
Affairs, 5(1), 71–74.

Clayton, J. (2016). National Playground Both in Summer 
and Winter: Civic Groups, Ethnic Organizations, and 
Tourism Promotion in Revelstoke, BC, 1890–1920. Social 
History, 49(99), 389–408.

Clement, D. (1995). La zoologie des Montagnais. Peeters 
Publishers.

Clément, D. (2012). Le bestiaire innu: Les quadrupèdes. 
Presses de l’Université Laval.

Coleman, A. G. (1996). The unbearable whiteness of skiing. 
Pacific Historical Review, 65(4), 583–614.

Colpitts, G. (2010). Game in the Garden: A human history of 
wildlife in western Canada to 1940. UBC Press.

Colpitts, G. (2011). Films, Tourists, and Bears in the Na-
tional Parks: Managing Park Use and the Problematic 
“Highway Bum” Bear in the 1970s. In A Century of Parks 
Canada, 1911–2011 (pp. 153–178). University of Calgary 
Press.

Conolloy, T., Skinner, C., & Baxter, P. (2015). Ancient 
Trade Routes for Obsidian Cliffs and Newberry Volcano 
Toolstone in the Pacific Northwest. In T. Oxbun & R. 
Adams (Eds.), Toolstone Geography of the Pacific Northwest 
(pp. 180–192). Archaeology Press.

Cooke, L. (2017). Carving “turns” and unsettling the 
ground under our feet (and skis): A reading of Sun 
Peaks Resort as a settler colonial moral terrain. Tourist 
Studies, 17(1), 36–53.



170 THE CANADIAN MOUNTAIN ASSESSMENT

Corr, L., Richards, M., Jim, S., Ambrose, S., Mackie, A., Beat-
tie, O., & Evershed, R. (n.d.). Probing Dietary Change of 
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“Your care and celebration will carry on into the next 
generations so that the gifts are reciprocal—you give the gift 
and you accept the gift”—Elder Gùdia Mary Jane Johnson, 
Lhu’ààn Mân Ku Dań (LC 4.1)

4.1 Introduction

4.1.1 Gifts and benefits

Mountain regions in Canada offer important 
contributions to the wellbeing of human com-
munities. As an alternative to the conventional 
language of resources or ecosystem services, this 
chapter conceptualises these contributions as 
‘gifts of the mountains’. This focus on ‘gifts’ sug-
gests a relationship built on reciprocity, in which 
benefits flow from mountains to people and 
people give back to the mountains through care 
and stewardship. In speaking about gifts of the 
mountains we aim to acknowledge and foreground 
First Nations, Métis, and Inuit world views, which 
often emphasise deep reciprocal relations with 
mountainous places and the physical resources, 

spiritual importance, and cultural identity they 
provide. That is, the worldviews of those who 
have occupied mountain regions and neighbour-
ing areas in lands now referred to as Canada since 
time immemorial, and are among those who cur-
rently live in mountain areas. However, we also 
emphasise that many non-Indigenous individuals 
and communities are connected to mountains 
in both tangible and intangible ways, including 
economic, cultural, spiritual, and emotional con-
nections. Ultimately, the framing of this chapter 
is premised on the idea that people and moun-
tains exist in relationships and is rooted in the 
recognition that the land, water, and wildlife are 
gifts that require reciprocal care and stewardship 
for current and future generations.

CHAPTER 4

Gifts of the Mountains
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Our framing of gifts is something that ‘has 
been written about and communicated previ-
ously; for example, some anthropologists citing 
west coast and northern communities talk about 
how mountain environments give of themselves 
willingly with the promise of stewardship and 
care in return (Nadasdy, 2007). Reciprocal con-
nections are also evident in Indigenous teachings 
such as those of “Netukulimk”, which is a way 
of life in which Mi’kmaw take what is needed to 
support physical and emotional well-being while 
assuming responsibilities to do so without jeop-
ardising the integrity, diversity, or productivity 
of the environment (The Confederacy of Main-
land Mi’kmaq, 2014). Likewise, participants in the 
Canadian Mountain Assessment (CMA) Learning 
Circle spoke eloquently about the kinds of gifts 
provided by mountains: water, plants, foods such 
as berries and meat, medicines, peacefulness and 
serenity, room to play, as well as non-renewable 
resources for trade, tools, and other materials 
needed for everyday life. In exchange, as Daniel 
Sims, Tsay Keh Dene First Nation, notes, moun-
tains expect respect (LC 4.2). Respect implies 
care and proper treatment on the part of users 
of mountain places—a kind of moral obligation 
(Ignace & Ignace, 2020, pp. 142–143)—and Indige-
nous oral histories from many parts of Canada de-
scribe the harms that befall disrespectful users of 
mountains, their environments, and the non-hu-
man kin that live in these places (e.g., Brightman, 
1993; Cruikshank, 2005a).

In assessing the state of gifts of the mountains 
in Canada, this chapter also includes consider-
ation of the products derived from mountains for 
the benefit of regional and global economies, in-
cluding consumer benefits. This includes mineral 
extraction, the harvesting of timber, hydroelec-
tric development, and commercial fishing of 
rivers, lakes, and oceans. We also call attention to 
how these benefits from mountains are not always 
respected in the spirit of reciprocity, with an un-
derstanding that a reciprocal model premised on 
kinship relations with the land and its non-hu-
man kin is often incongruent with predominant 
modes of resource extraction and consumerism 
(see, e.g., McIlwraith 2012). Indeed, as Gabrielle 
Weasel Head, Kainaiwa, Blackfoot Confederacy 
explained, this consumer paradigm has resulted 
in widespread abuse of the gifts of the moun-
tains and disregard for the principles of respect 
and reciprocity (LC 4.3). Furthermore, Indigenous 
Peoples are among those who have historically 
borne greater costs and experienced fewer ben-
efits from the extractive activities undertaken in 
mountain areas in Canada. 

Many kinds of gifts have been lost or degraded 
as a result of the pressures of colonisation, re-
source development, climate change, and other 
forms of environmental change. These stresses 
that present as ecological losses (e.g., species ex-
tirpations), hazards (e.g., flooding, forest fires) or 
circumstances of poor health (e.g., due to bioaccu-
mulation of contaminants) have socio-economic, 
cultural, spiritual, and health implications for 
both Indigenous and non-Indigneous commu-
nities. These dynamics are discussed in greater 
depth in Chapter 5.

Some mountain gifts, although degraded, are 
being restored or recovered (Hobbs & Cramer, 
2008). Indigenous Peoples are playing a leader-
ship role in many of these restoration initiatives, 
including those described as ecocultural res-
toration. “Ecocultural restoration explicitly 
includes humans as active participants in re-
stored landscapes through recovering ecosystem 
structure, composition, processes, and function, 
along with traditional, time-tested, ecologically 
appropriate and sustainable Indigenous cultural 
practices that helped shape ecosystems” (Marti-
nez, 2018, p. 170). This is not only healing of the 
land; it also involves the restoration of values and 

Daniel Sims,  
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uses of mountain environments that have been 
and continue to be marginalised, such as those 
of Indigenous Peoples, the original stewards of 
mountains in the lands now referred to as Canada. 

Many predominantly non-Indigenous com-
munities are also working to cultivate more sus-
tainable relations with mountain areas and the 
myriad benefits they provide, including progres-
sive human-wildlife coexistence programs and 
climate actions initiatives in towns such as Can-
more and Banff, Alberta, in the Montane Cordil-
lera region. Despite some positive developments 
and opportunities, the preponderance of unsus-
tainable uses of mountain environments and 
increasing pressures from climate change and 
other anthropogenic stressors presents growing 
challenges for those who depend on gifts of the 
mountains (Adler et al., 2022; Fast, 2014; Nitschke, 
2008).

This chapter begins by describing some of the 
immaterial and intangible gifts that mountains 
provide to the health and wellbeing of individ-
uals and communities, including gifts related to 
feelings of well-being, spiritual beliefs, healing 
activities and outcomes, art, and teachings (Sec. 
4.2–4.4). These intangibles, commonly overlooked 
in standard accounting or valuation, can frame or 
inform the physical relationships and benefits 
people receive from mountains (Satterfield et al., 
2013; Studley, 2012). 

We then turn to other kinds of physical gifts of 
the mountains, including provision of food and 
medicines to humans through relationships with 
plant, fungi, and animal species (Sec. 4.5). Gifts 
of water from the mountains, including glaciers, 
snow, and freshwater are crucial to the well-being 
of mountain communities and flow downstream 
to the benefit of a large proportion of the popula-
tion of Canada (Sec. 4.6). The direction of human 
movement in mountain environments often flows 
in reverse, from lowlands to highlands, bring-
ing people into the mountains for tourism and 
recreation activities. This delivers important eco-
nomic benefits to mountain communities (Sec. 
4.7). Economically, mountains are also sources of 
materials and energy for much of Canada, in the 
form of timber and other gifts of the forests, rocks 
and minerals, and sources of energy (Sec. 4.8). 

We also consider the many ways in which 
mountains protect people, both from natural 

hazards and from the consequences of our own 
activities, including by providing gifts such as 
carbon sequestration and biodiversity conserva-
tion, disaster resilience and sanctuary, and sites 
of resurgence, particularly for Indigenous Peo-
ples. The chapter concludes with our assessment 
of the state of knowledge about mountains and 
the gifts they provide (Sec. 4.9).

4.2 Gifts of Identity and Wellbeing

4.2.1 Emotional and physical wellbeing of 
mountain communities

Mountain environments and regions are strongly 
interconnected with the spiritual and cultural 
identities of both Indigenous and non-Indigenous 
peoples, as the previous chapter on Mountains as 
Homelands has detailed. The concept of cultural 
landscape is often used to consider how cultural 
identities and practices are interwoven with 
physical mountain environments (Baird, 2013; 
Prosper, 2007). These strong interconnections, al-
though largely intangible (felt rather than seen), 
are nurtured in ceremonies such as feasts and 
potlatches, water ceremonies, pilgrimages, and 
in day-to-day practices such as harvesting, travel, 
and “being” on the land (Cuerrier et al., 2015; 
Prosper, 2007). As noted in Chapter 3 (Sec. 3.2), 
mountains are often places where creation oc-
curred and where spirits are encountered. They 
engender strong connections to physical and cul-
tural landscapes. Gwich’in elder Elizabeth Wright 
from Tetlit Zheh (Fort McPherson) described her 
feelings of well-being and security that come from 
living in the mountains and being surrounded by 
food resources and family members. 

I like living here, [...] I like my backyard that 
I could just make a fire anytime I want and 
you can’t do that in Inuvik, [...] and it’s quiet, 
I like it quiet [...] anybody can get on a skidoo 
and go, you know and—then you can get into 
your truck and drive up the mountains! You 
could just, you see something different every 
time you go up there. I just love that drive, 
you can go to 8 Miles and get fish, I mean 
even if you have no food in Inuvik, who are 
you gonna phone? You know I can go to my 
brothers and get caribou meat, you know, 
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I could probably visit any of these houses 
and ask for bannock and somebody will have 
bannock (Luig, 2015, p. 256).

Similarly, during the Learning Circle, Brandy 
Mayes of Kwanlin Dün First Nation described 
her appreciation for being able to live near the 
mountains in her own Traditional Territory, and 
the ways in which going into the mountains to 
walk, sit quietly, pray, gather berries and med-
icine, or simply be present have supported her 
own physical, spiritual, and emotional wellbeing: 
“call it your playground, your spiritual place.” “I 
feel like the mountains give you gifts sometimes 
in ways that you don’t understand that they give 
you gifts, until later you can look back and reflect 
on what that gift was” (LC 4.4). 

Many other people, and not only Indigenous 
Peoples, have strong personal and cultural con-
nections associated with mountains, which 
nourish the wellbeing and identities of these 
communities. Mountains in Canada have men-
tally, emotionally, and physically inspired people 
from across many cultures in search of opportu-
nities for adventure, living with nature, or a sense 
of identity in mountain places. This includes 
people seeking and pursuing active lifestyles such 
as mountain climbing, skiing, or hiking (see Sec. 
4.7). Spending time in mountainous settings is 
therapeutic and can elicit demonstrable physical, 
emotional, and spiritual benefits. Many contem-
porary lifestyle trends have led individuals and 
communities to seek the healing power of nature 
in mountainous regions, and even to seek refuge, 
asylum, and redemption in these places. It is 
common to hear people of all backgrounds speak 
of a ‘connection’ to mountain places.

As early as the 18th and 19th centuries, these 
settings were believed to have the “power to cure 
the human psyche while simultaneously pro-

viding redemption” (Osama, 2019). Mountains 
as therapeutic landscapes provide diverse ben-
efits to those who imagine them, dwell within 
their shadows and peaks, or visit them from time 
to time (Gastaldo et al., 2004). Acknowledging 
how healing processes are grounded in places, 
Gastaldo et al. (2004) observe that therapeutic 
landscapes are a kind of ‘landscape of the mind’, 
constituted by individuals through a web of emo-
tions and social relations that include real and 
imagined sites and actors that live within them 
(Gastaldo et al., 2004, p. 170). For example, the Ca-
nadian Alpine Club “urged Canadians to become 
mountain climbers so that they might stand face 
to face with Infinitude and learn spiritual truths 
which would be otherwise denied them” (Alt-
meyer, 1976, p. 31). These landscapes of the mind 
are among the push-pull factors that drive tour-
ism and immigration to mountain regions, given 
their connection to people’s identities and imagi-
nations. Indeed, the memories of such places can 
evoke strong connections to place and, by exten-
sion, shape mental health. Notably, ideas about 
the importance of time spent in natural areas 
implies that there are areas that are less natu-
ral (e.g., urban environments), and this points 
to the social and cultural constructions inherent 
in these worldviews (Gastaldo et al., 2004; Locke, 
2006). 

For many, mountains in Canada, particularly 
the Rocky Mountains in western Canada, within 
the Montane Cordillera region, hold particular 
symbolic and imaginative power. These moun-
tains are associated with Canadian identity, 
embedded in historical and colonial stereotypes 
and icons. For instance, Moraine Lake and the 
Valley of the Ten Peaks graced the Canadian $20 
bill for many years. Such iconography has been 
a source of unity for settlers in the building 
and marketing of the colonial state. As the pre-
vious chapter on Mountains as Homelands has 
articulated, mountain narratives have helped 
newcomers to Canada to make homes and find 
a sense of belonging and wellbeing in the moun-
tains, in part by dispossessing and delegitimizing 
the presence of Indigenous Peoples. This history 
has been problematic for those who have suffered 
from the associated cultural erasure, including 
separation from the mountain gifts that have 
sustained First Nations, Métis, and Inuit cultures 
since time immemorial (Francis, 1992). 

Brandy Mayes, Kwanlin Dün  
First Nation, 2022, LC 4.4 
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The promotion of such Canadian stereotypes 
has fostered dichotomies of belonging and not- 
belonging that influenced many sectors of the 
economy and socio-political institutions. A clear 
case in point is Banff National Park. Linnard notes:

Banff National Park is most commonly and 
powerfully represented as a place intended 
for wealthy tourists to experience leisure 
and for “all Canadians” to encounter “the 
essence of Canada,” representations that 
emphasise transience, leisure, safety and 
abstract notions of nature and nation. These 
institutional narratives of place validate 
management decisions that alienate resi-
dents and motivate them to assert special 
claims to belonging that distinguish be-
tween the local who belongs and those who 
are out of place (Linnard, 2015, p. 1). 

Among these institutional narratives is the Ca-
nadian Pacific Railway, which made mountain 
landscapes accessible in real and imagined ways. 
Although celebrated in Canadian non-Indigenous 
history, railroad landscapes are sites and sources 
of trauma for others including Indigenous Peo-
ples (Binnema & Niemi, 2006) and Chinese railway 
workers (Chan, 2008):

The Chinese workers first came here for 
the railway, and they were forgotten people 
in many ways, because they didn’t have 
a name, because they came in such huge 
numbers, because they were virtually in-
dentured labour, like slaves, and they died 
in great numbers as well. But they contrib-
uted an enormous amount to the building 
of this country. Without the railway, you 
wouldn’t have this country of Canada. (Li, 
2000, p. 158, cited in Chan, 2008)

Many others are often made invisible in mountain 
lifestyle stereotypes, but nonetheless have import-
ant connections; those with physical and mental 
disabilities are however, becoming more visible 
and included through “nature interventions.” 

Whether during single day trips, weekend 
or week-long, these nature interventions 
provided adaptive experiences such as 
hiking in the foothills regions or the high 

alpine regions of the Rocky Mountains, 
canoeing or kayaking. Adapted equip-
ment, such as the Trail Rider, a single-tyre 
wheelchair designed to allow individuals 
living with physical disabilities to explore 
the outdoors assisted by 2–6 volunteers or 
‘sherpas’, facilitated inclusion of all (Jakubec 
et al., 2016).

On the whole, it is important to recognize the 
many ways in which mountains have featured in 
the identities and cultures of different commu-
nities and to acknowledge the diversity as well 
as conflict between different kinds of intangible 
connections of people to mountain environments, 
and how the identities of some social groups may 
be well represented, valued, and protected in nar-
ratives of mountains, whereas the identities and 
connections of others are poorly represented. 
These incongruencies are not only visible in 
popular culture but also translate into decisions 
about resource use and management, with impli-
cations for human wellbeing.

4.3 Gifts of Art

4.3.1 Mountains as sites of creative 
inspiration and dialogue

The scale and grandeur of mountain environ-
ments has also been an ongoing source of inspira-
tion and content for many of the most recognized 
artists in Canada. Imagery of mountains and 
mountain environments captured by artists has 
contributed to (and been utilised in the manufac-
ture of) Canada as an idea in popular culture and 
for political ends (Anderson, 2007, p. 246). The 
art-historical view of Canadian painting within 
the country’s visual culture from the 1920s to the 
1980s often reinforced this association of wilder-
ness landscape and national identity (Stanworth, 
2013, p. 69). 

Some of the most iconic and well recognized 
work of this nature has been produced by the art-
ists known as the Group of Seven. Their work was 
related to the rise of middle-class tourism across 
the country; for example, when Lawren Harris 
and A. Y. Jackson embarked on a painting trip to 
Jasper in 1924, hiking and packhorse trips were 
already an important part of tourism and promo-
tional literature for the area (Jessup, 2002, p. 155). 
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Though each member forged his own unique 
style, as a group, these painters tended toward 
expressions of the “Euro-Canadian wilderness 
sublime” (Bordo, 2007, p. 332) in work capturing 
landscapes, including mountain subjects. Many 
works of the Group of Seven represent “wilder-
ness” as space devoid of human intervention, 
occupation, or even passing presence. As Jona-
than Bordo notes, “Euro-Canadian wilderness 
as a system of representation—an ethos—will be 
marked by this absence” (Bordo, 2007, p. 332). As 
such, these works both erase Indigenous presence 
and territory, and set the landscape represented 
as something entirely apart from human life—
something to be observed and preserved, rather 
than dynamic environments full of life with 
which one would have an ongoing relationship. In 
this sense, the landscapes of the Group of Seven 
manifest the social construction of ‘wilderness’ as 
part of a persistent national iconography of “Ca-
nadianness” (Stanworth, 2013, pp. 68; 86) which 
could be harnessed to both nationalist pride and 
the claiming of vast territories as uniquely “Cana-
dian” lands within settler-colonial borders.

The impact of the Group of Seven’s work on 
the popular imagination in Canada and interna-
tionally cannot be underestimated (Cole, 2007, 
p. 129; Lord, 2007, p. 121; Reid, 2007, pp. 101–102). 
Notions of the sublime in landscape and of the 
separation of humanity from the “wild” aspects of 
nature have informed settler politics, economics, 
and leisure activities in mountain environments 
for generations. As Candace Hopkins and Lucia 
Sandromán note:

Landscape is not a neutral phenomenon, 
but a device framed by the particular 
perspective from which it is seen. There is 
nothing stable about this familiar subject, 
and there is a difference between the spaces 
we inhabit and the natural environment, 
and a difference between the experience of 
the land that constitutes a place and “place” 
as a site of memory and affection (Hopkins 
& Sandromán, 2014, p. 35).

The perspective as captured so effectively by the 
Group of Seven has its roots in European con-
ceptions of human relationships to land and re-
sources, and indeed to the conception of what 
constitutes civilization as it stands in opposition 

to wilderness (Payne, 2007, p. 160). The dichotomy 
set up in this understanding of human relation-
ships to mountain spaces (and any other envi-
ronment) has had profound real-world impacts: 
from urban planning and resource development, 
to the shaping of property laws and ideas of land 
‘ownership’, to the recognition of Traditional Ter-
ritories and lifeways, including access and use of 
mountain places for food, travel, medicines, and 
income (Colpitts & Devine, 2017, pp. 2–4; 7; Payne, 
2007, pp. 153–156).

Contemporary artists, both Indigenous and 
non-Indigenous, have also drawn inspiration 
from the mountains in the creation of their work, 
but often to very different effect than the Group 
of Seven. Indeed, contemporary artists may take 
their cues in making work from a desire to express 
concern or critique popular (settler) perceptions 
of mountain environments as untouched wil-
derness, devoid of Indigenous history, or as sites 
impacted by resource extraction. Here, we offer 
a few examples of the range of creative expres-
sion inspired by relationships with—and created 
within—mountain environments.

Alana Bartol is a multidisciplinary settler artist 
based in Calgary Alberta.1 She has created several 
inter-related bodies of work since 2020, examin-
ing mining in the Eastern Slopes of the Rockies 
and its ongoing impact on the environment. To 
Dig Holes and Pierce Mountains, Hag’s Taper, and 
Coal Futures all address the lasting impacts of coal 
mining in the Crowsnest Pass. A residency and 
exhibition titled Processes of Remediation: art, rela-
tionships, nature at the University of Lethbridge in 
2021 brought these works together.

Rebecca Belmore is an internationally recog-
nized multidisciplinary artist and member of the 
Lac Seul First Nation (Anishinaabe). She has ded-
icated her practice to speaking difficult truths 
to government and settler society regarding the 
treatment of Indigenous Peoples and the erasure 
of their stories. In 1991, Belmore sketched out and 
built Ayum-ee-aawach Oomama-mowan: Speaking 
to Their Mother, a 1.8 m wide, 2.1 m long coni-
cal megaphone she created to speak to the land 
(Fig. 4.1). As the Banff Centre describes it,

1 A Tour of Alana Bartol’s Processes of Remediation: 
art, relationships, nature: https://www.youtube.com/
watch?v=sXLrQaWzpUA 



GIFTS OF THE MOUNTAINS 185

Before Belmore first spoke into the mega-
phone, the sculpture was carried through 
the woods and assembled in a meadow near 
Johnson Lake in the Bow Valley [in Banff 
National Park]. Her words echoed through 
the mountains and, she hoped, reached 
Mother Earth.

The piece was a response to the Oka Crisis 
of 1990—a protest against a proposed golf 
course on Mohawk territory in Quebec. But 
after its 1991 debut at the Between Views 
and Points of View exhibition at our Walter 
Phillips Gallery, it was used to address the 
land at political demonstrations from coast 
to coast (Frizzell, 2016).

While created in the Rockies, this work also trav-
elled across the country, as a symbol and call to 
expression:

Stopping at reserves and significant sites, 
Belmore encouraged the local community to 
address the land through her megaphone in 
their own language. The piece is well trav-
elled, having spoken to a clear-cut forest, 
Indigenous land claims, and even making it 
as far as Parliament Hill (Frizzell, 2016).

Belmore’s relationships with the land and with 
other-than-human beings permeate her work 
to create calls for justice for Indigenous Peoples 
and to reflect on the violence that permeates 
settler-colonialism as a system. Her work can be 
seen as a “powerful testimony to art as a process 
of concretizing acts of remembering and resis-
tance” (Tuer, 2007, p. 338).

Braiding knowledges has been a conceptual 
tool used in the CMA; this powerful visual met-
aphor embodies the desire both to recognize and 

Figure 4.1: Rebecca Belmore Ayum-ee-aawach Oomama-mowan: Speaking to Their Mother (1991). Gathering, 
Johnson Lake, Banff National Park, Banff, Alberta, 26 July 2008. Photo: Sarah Ciurysek Presented by the Walter Phillips 
Gallery as part of the exhibition ‘Bureau de Change,’ 12 July–29 September 2008. Courtesy of Walter Phillips Gallery, 
Banff Centre for Arts and Creativity. Purchased with the support of the York Wilson Endowment Award, administered by 
the Canada Council for the Arts Accession #P08 0001 S.
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elevate multiple ways of knowing and under-
standing human relationships to the land, and 
to mountains specifically (see Section 1.2.3). It 
seems fitting, then, to turn to the work of Megan 
Musseau as a third example of the kind of work 
that is being created to interrogate the inter-
relationships of traditional and contemporary 
Indigenous knowledges, and forms of knowledge 
transmission, that rely on an understanding of 
dynamic reciprocity with the land. Musseau is 
an L’nu woman, artist, and dancer from Elmas-
tukwek, Ktaqmkuk territory (Bay of Islands, 
Newfoundland). She nourishes an interdisciplin-
ary arts practice by working with customary art 
forms and new media, such as basketry, beadwork, 
land-based performance, video, and installation 
(Musseau, n.d.). She has exhibited and completed 
land-based performances across the country, 
including at the Banff Centre (Musseau, n.d.). 
Musseau’s endurance performance, “when they 
poison the bogs we will still braid sweetgrass,” 
was created on Sacred Buffalo Guardian Mountain 
(Banff, AB) in 2017. In this work, the artist braids 
neon flagging tape in the landscape, a reference 
both to logging and other types of resource ex-
traction, and the traditions of land-based learning 
and use of natural materials in L’nu traditional 
practices. 

A similar work, Me’ki’tetmek na Maqmikewmi-
nen, was created in collaboration with drummer 
Jennie Duval in Duntara, Newfoundland, for the 
2019 Bonavista Bienniale; as the curator’s discus-
sion of the work notes,

Each component of the work draws on 
a community of nurturing Indigenous 
women, emphasising collective agency and 
culminating in an offering that reciprocates 
the generosity of the land. The embodied 
knowledge of Musseau’s action, her rigorous 
commitment to the process of communal 
shared learning, and the transmission of 
knowledge through art and language, is in 
generous relationship to Ktaqmkuk—acting 
in defiance of settler-colonial systems, 
and in the process, actively decolonizing 
(Hills, 2019).

These are but a few examples of the historical and 
contemporary ways in which mountain locales 
have fostered creativity. It would be worthwhile 

to investigate the connections between moun-
tains and the gifts of art and creativity in a fully 
developed, systematic and inclusive way. It is 
possible that such a study could foster nuanced 
conversations about the capacity for creative 
work to encourage better conversations between 
Indigenous and non-Indigenous individuals and 
communities regarding the sharing of the many 
gifts which mountain environments provide. 
Likewise, such work may have the potential to 
support a deeper, more reciprocal and respectful 
approach to these environments among a broad 
population.

4.3.2 Mountains as sites of art institutions 
and programs

Mountain environments have long served settler 
populations as places of retreat and creative re-
juvenation, often associated with urban tourists 
seeking an “untainted” environment (Jessup, 
2002, pp. 146–147; Fig. 4.2). Banff National Park 
has been associated with the creation of a na-
tional identity and the idea of “Canadianness” 
especially in the aftermath of the First World War 
(Anderson, 2007, pp. 245–246), and so became a 
strategic choice for the location of a school of the 
arts (Reichwein, 2005, pp. 50–52; 55; Reichwein & 
Wall, 2017, pp. 203–205). The original Banff Centre 
for Continuing Education was founded in 1933 as a 
summer school through the University of Alberta. 
In time the school became autonomous, and the 
programs were expanded to include painting and 
other fine arts disciplines; Donald Cameron, the 
director from 1936–1966, was instrumental in the 
crafting of the image of the school and its envi-
ronment, in concert with marketing efforts by 
the National Film Board and Banff National Park 
(Reichwein, 2005, pp. 57–58). 

The representation of the Banff School and the 
national park surrounding it can be seen as evolv-
ing over time to suit the needs of governments 
in relation to the purpose or utility of mountain 
spaces. It served to define a national identity 
focussed on the prosperity and mobility that po-
sitioned creative leisure time as a sign of national 
success but which also commodified the flora, 
fauna, and other natural features, reinforcing 
stereotypes of ‘wilderness’ and ‘nature’ as both 
restorative and inspiring (Cronin, 2006, pp. 78–81; 
Reichwein & Wall, 2017, pp. 206–207; Saari, 2015, 
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pp. 405–406). Today, the internationally recog-
nized Banff Centre for Arts and Creativity offers 
themed and self-directed residencies in contem-
porary fine art practices, curatorial research and 
writing, music, and performance. Additionally, 
the school’s mandate has expanded to include 
executive leadership programming, retreats, ac-
ademic conferences, performing arts, and the 
world-renowned Banff Mountain Book and Film 
Festival. Its administrative and curatorial branch 
includes Indigenous-specific arts residencies, 
programming and leadership training.2

Banff Centre’s vision statement includes the 
aim:

To experience the power of the mountains, 
particularly our home on Sacred Buffalo 
Guardian Mountain, supported by talented 

2 https://www.youtube.com/watch?v=sL9yKVeYZ 
BQ&t=156s

employees and thought leaders, to envision 
and to create, and be in relationship with 
our environment and each other.

This statement and associated programs are in-
dicative of an evolution in thinking with respect 
to the Centre’s relationship with overlapping 
communities and its environment. The expanded 
Indigenous leadership and programming are 
also positive steps toward working in a more ex-
panded and reciprocal way. This shift may foster 
deeper relationships and respectful communica-
tion between settler and Indigenous communities 
more broadly over time. 

Other artist residency opportunities have 
become available in mountain environments in 
western Canada and elsewhere. The participa-
tion of Parks Canada in most of these residencies 
provides an overarching connection between 
this varied group of residencies; this ongoing 
association of mountain parks with creative and 
recreational opportunities has informed Parks 
Canada’s marketing and policies for decades. Ex-
amples of these residencies include the Gushul 
Residency Program in Blairmore, Alberta which 
operates out of the Gushul Studio and Cottage, 
owned by the University of Lethbridge and the 
Caribou Artists’ Cabin Program within Mount 
Revelstoke National Park. Gros Morne Summer 
Music has also offered music and performance 
programming in the setting of Gros Morne Na-
tional Park since 2003.3

4.4 Gifts of Teaching and Pedagogy 

Mountain landscapes elicit storytelling practices 
that are central means of both spiritual and so-
cio-cultural learning amongst Indigenous Peoples 
who are connected to mountain regions (Cruik-
shank, 2005; Isaac, 2016; Solomon, 2022), and 
increasingly recognized as salient pedagogical 
contexts in Western education (Landrum et al., 
2019). Mountains have inspired teachings around 
spiritual and metaphysical beings and realms. As 
one example, metaphysical entities such as “Big-
foot” of the Canadian Rockies, figure in current 
discourse around education as illustrated by a 
teaching-oriented session, “Teaching with Big-
foot” scheduled for the 2023 American Association 

3 https://www.gmsm.ca/about-gmsm 

Figure 4.2: Holidays in Canada Poster by Canadian 
Pacific, 1925, by Leonard Richmond. Marc Choko col-
lection. Library and Archives Canada, e000009456.
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of Geographers annual meeting, and related Spe-
cial Issue of The Geography Teacher (Education 
Specialty Group, AAG 2022). Indigenous Peoples, 
of course, also have long traditions of honouring 
metaphysical and spiritual mountain beings.

This section of the CMA highlights the gifts 
of mountains to current pedagogy at Canadian 
teaching institutions, as well as with respect to 
Indigenous teachings. Beginning with Indigenous 
approaches to mountain teachings, the section 
then explores the traditions of scientific and arts-
based pedagogies in institutional settings. 

Indigenous ways of teaching and learning in 
mountains have sustained First Nations, Métis, 
and Inuit peoples for millennia, guiding their tra-
ditions, land stewardship and cultures (Solomon, 
2022). We may draw insights specifically about 
education from some examples and approaches in 
which Indigenous knowledges are shared and em-
bedded in learning and practices of First Nations, 
Métis, and Inuit Peoples of mountain regions in 
the land now known as Canada. These resources 
reflect approaches to learning and pedagogy that 
flow from a connection to mountains, some of 
which we highlight below. (For a longer discus-
sion of these and other approaches, see Chapter 
3 and Sec. 1.2)

The physicality of mountains provides other 
kinds of learning opportunities related to ecosys-
tem health. Mountains might be viewed as natural 
laboratories that can demonstrate the effects of 
orogeny on landforms and of elevation on water, 
ice (Church, 2010; Ives & Barry, 1974; Owens & 
Slaymaker, 2004), and biota (Turner et al., 2003). 
The effects of global changes such as climate 
warming are often highly visible in mountains, 
from glacier retreat to species range shifts (Par-
rott et al., 2022; Tito et al., 2020). Mountains can 
thus serve as early warning systems and as foci 
for understanding environmental changes. 

Mountains instruct observers and visitors in 
the physicality of the environments (Fig. 4.3). Eco-
system patterns, for example, are influenced by 
elevation and its interplay with ruggedness and 
local relief, slope aspect, and moisture-bearing 
winds. In British Columbia, better illumination 
on south-facing aspects leads to drought tolerant 
plant communities more than on north-facing 
aspects, and this pattern of community composi-
tion changes with distance from the coast as snow 
depth and snowpacks decrease. Learners can 
engage with diverse and contrasting geographies, 
given integral connections between mountains 
and lowlands peoples and environments (see Sec. 

Figure 4.3. One of two glaciology huts constructed in the 1970s to house researchers in Sentinel Bay, Garibaldi 
Provincial Park. Photo courtesy of Nina Hewitt, 2022.
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2.6). In the Pacific Maritime region, for exam-
ple, are the homelands of many distinctive First 
Nations groups (e.g., Doyle-Yamaguchi & Smith, 
2022; Kew, 2010; Reimer, 2003) who speak a nota-
ble diversity of languages (Gessner et al., 2018), 
each of which holds distinct teachings grounded 
in relationships with mountain landscapes (see 
Chapter 1, Fig. 1.3). Both the mountains them-
selves and the people who know them, offer 
opportunities and challenges that enrich learn-
ing experiences about complex biophysical and 
socio-ecological environments.

4.4.1 Storytelling and narrative

Oral traditions have been key to knowledge pro-
duction and sharing in many Indigenous cultures 
in what has come to be known as Canada since 
time immemorial. These oral knowledge tradi-
tions include diverse kinds of story and narrative 
(Cruikshank, 2005), many of which include obser-
vations of the natural world, teachings embed-
ded in local knowledge and which are meant to 
be passed on to future generations (Isaac, 2016). 
As Learning Circle participant Gùdia Mary Jane 
Johnson (Lhù ààn Ku Dań) described, songs and 
stories are set in places and mountains are cen-
tral to many of those storied places (LC 4.5). ‘Weli-
la’ogwa Irene Isaac, a Kwakwaka‘wakw (Kwakiutl) 
writer and educator, notes how “Indigenous sto-
ries,” in her community “influence young people 
to become knowledgeable and responsible citi-
zens.” (Isaac, 2016). 

Through story, mountains have fostered rich 
narratives that have sustained Indigenous Peo-
ples and cultures over generations. Among the 
Kwakwaka‘wakw, stories specified seasonal tim-
ings for harvesting materials from montane 
populations of Western redcedar, related to tree 
elevation on the mountain (Kwakwaka‘wakw ed-
ucator, Aitken, Emily [Gwixsisalas], 2016). In Do 

Glaciers listen? Local knowledge, Colonial Encounters 
and Social Imagination, anthropologist Julie Cruik-
shank writes about the role of narrative among 
the Tlingit peoples of the Mount Saint Elias 
ranges, Alaska and northern British Columbia, 
who shared stories, grounded in the community, 
to educate citizens about appropriate behaviour 
around mountain glaciers (Cruikshank, 2005). 
Cooking grease, for instance, such as frying bacon 
or traditional, fatty foods like moose, was dis-
couraged near glaciers because it was believed to 
trigger surges and endanger community safety. 
Cruikshank suggests possible interpretations for 
these beliefs, but notes that it is the method of 
sharing around storytelling, and what the stories 
say about local meaning and the construction of 
knowledge, that matters (and see Simpson, 2014). 
Importantly, stories often convey local protocols 
that recognize reciprocity between nature and 
culture. This contrasts with the approach taken 
by European visitors to the region, beginning in 
the 18th century, who followed “Enlightenment” 
values popular in their society. They strove to 
separate nature from culture and treated glaciers 
as inanimate objects to be measured and charac-
terised with recently developed instrumentation 
(Cruikshank, 2005, p. 10). Enlightenment values 
prevailed and persisted in schools established 
within the Canadian settler state and defined 
modes of scientific inquiry, discrediting local 
knowledge systems, until recently.

In addition to stories, Indigenous knowledges 
are also represented in pictographs and petro-
glyphs (rock art) throughout mountainous areas 
in Canada, including numerous sites in British 
Columbia in the Pacific Maritime region, and 
throughout the Canadian Arctic (Vastokas, 2012), 
that signify a broad tradition of recorded knowl-
edge on less well-preserved materials like wood, 
fibre, hide and bone. Among the mountains and 
lowlands along the Fraser River delta and BC Gulf 
Islands (Pacific Maritime), the Marpole culture 
produced a “plentiful variety of stone and bone 
carvings in the shape of ceremonial bowls, effi-
gies and utensils that are distinct forerunners of 
the style and iconography of historic west coast 
native art” from ca. 500 BCE to 500 CE (Norval 
Morrisseau—Rock Art, 2006). Pictographs and Pet- 
roglyphs are known to have provided material 
sites and imaginaries for Indigenous teaching and 
learning. For example, rock writings in the Stein 

Gùdia Mary Jane Johnson, Lhu’ààn  
Mân Ku Dań, 2022, LC 4.5
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River Valley reflect the animation of the natural world. They are asso-
ciated with places of power and have been likened to writings (York et 
al., 1993). Artistics traditions within storytelling are recognized today 
through a writing competition for Indigenous youth (aged 14–29) that 
includes a program for those who “prefer to work through painting, 
drawing and photography” (Indigenous Arts and Stories, Historica 
Canada, 2023).4 

4.4.2 Sacredness

Attitudes of respect and sacredness are common, and metaphysical 
beings appear in teachings with specific reference to mountain spaces. 
For example, the glacier-fed Ts’il?os (Chilko) Lake (referred to above) is 
considered a living ancestor by the traditional land holders, the Tsilh-
qot’in Nation (Mack, 2022). Elders who participated in the Learning Circle 
explained that sacred teachings of mountains are often held in songs. 
Elder Gùdia Mary Jane Johnson, Lhù ààn Ku Dań, shared songs which 
identify mountain places of her grandfather’s land and Traditional Ter-
ritory, including streams and valleys and the stories that took place there 
(LC 4.5). In the Blackfoot way, as Hayden Melting Tallow, Siksika, Black-
foot Confederacy, explained, sacred songs link mountain place names 
and Medicines, such as Paahtómahksikimi (Waterton Lakes), where 
the sacred beaver bundles originated, and Nínaiistáko, Chief Mountain 
(Fig.  4.4). These songs of mountain places, the “highlights of our ter-
ritory,” he explains, tell the People where they are from (LC 4.6). Leon 
Andrew, an Elder of the Nę K’ə Dene Tsįli Nation, shared that the Moun-
tain Dene People also hold the mountains as sacred in their songs, from 
songs to share joy in nature and being in the mountains to documenting 
oral history (LC 4.7). 

The Ktunaxa Nation believe that a grizzly bear spirit goes to dance 
during the winter months along the Jumbo Pass and Horseshoe Glacier, 
BC, within their traditional lands in the East Kootenays. The spiritual 
and cultural significance of such legacies has been trivialised in set-
tler-colonial discourses, as may be illustrated by events surrounding 
settler-colonial plans for a slated development, the “Jumbo Glacier ski 
resort” (Low & de Kleer, 2022) in which the spirit bear’s importance was 
questioned and downplayed, prompting this reaction from one Ktunaxa 
citizen: “We are the ones that have to prove our rights to the land. It’s 
ridiculous, right? If we say that a space ... or place is sacred within the 
boundaries of our territory, then just accept that. Four hundred gen-
erations of existence here and you are going to question me about the 
sacredness of a place?” (in conversation with the production team of the 
documentary film Jumbo Wild, Bullfrog Films (2015), at 32:40 mins).

4.4.3 Land-based learning and healing

Just as practices of learning are grounded on and from the land itself 
(Simpson, 2014), mountains themselves, and the many animal, plant, 
and supernatural beings therein, hold essential teachings which emerge 

4 http://www.our-story.ca/. Also https://twitter.com/IndigArtStories

Hayden Melting Tallow, 
Siksika Nation, Blackfoot 
Confederacy, 2022, LC 4.6

Leon Andrew, Nę K’ǝ Dene 
Ts’ı ̨l̨ı, 2022, LC 4.7

Pnnal Bernard Jerome,  
Micmacs of Gesgapegiag,  

2022, LC 4.8
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through different kinds of relationships and ex-
perience. During the CMA Learning Circle, Elder 
Pnnal Bernard of the Micmacs of Gesgapegiag de-
scribed some of the teachings provided by moun-
tain spirits, including the Little People, guardians 
of the Micmac from the high peaks, and spirits 
who dwell in the foothills. These leaders offer 
moral lessons about collaboration, good inten-
tions, and well-being (LC 4.8).

Reconnecting with the Land and its teachings 
is essential to heal the community of decades of 

colonial dispossession. Tsilhqot’in Nation mem-
ber Trevor Mack (2022) discusses the importance 
of mountain spaces in the healing and remem-
bering among his community, particularly their 
youth. Mack presents a video of community Elder, 
Gilbert Solomon, filmed on location at Ts’il?os 
(Chilko) lake, in which Solomon says “You see the 
beautiful, powerful mountains here? ... Mountain 
itself is healing you.... Mountain is very import-
ant—they keep giving us water... So we come 
down here to this island to help people—to help 

Figure 4.4: View over Paahtómahksikimi (Waterton Lake), known to the Siksikaitsitapi (Blackfoot Nations) as a sacred 
site in the mountains, where the People were originally gifted the beaver bundle, an important source of Blackfoot 
knowledge and identity. The townsite of Waterton Park is now situated on the shore of the lake, serving as the head-
quarters for Waterton Lakes National Park (established in 1895), which receives around 500,000 visitors per year. 
Photo courtesy of Madison Stevens, 2022.
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wake you up....” (Solomon, 2022). Mack then re-
counts a “trip to Sacred Mountain” and Ts’il?os 
lake to educate youth through journey. He says 
“... along that trip, song was created, and every 
single day we got to learn the language ... every 
new day.” They brought with them “knowledge 
carriers who knew the stories of Ts’il?os... and of 
the Land,” as well as plant “medicine carriers,” 
all of whom helped to contextualise the experi-
ence within the community’s traditions. Through 
this experience, they were able to “honour su-
pernatural beings, and in that process, heal our 
communities.” (Mack, 2022)

Cultures of stewarding the land and its in-
habitants are central to many North American 
Indigenous mountain cultures, such as those 
around the Nass River of the mountainous region 
of Northern British Columbia, on the border 
between the Montane Cordillera and Boreal 
Cordillera regions (Reid et al., 2021), and are 
embedded into their teachings, through story-
telling. Among the Kwakwaka‘wakw Peoples of 
the coastal areas and neighbouring mountains 
of northeastern Vancouver Island and mainland 
British Columbia, “It was story that educated us 
about conservation and it was conservation that 
guided the story. There was little impact on the 
natural environment because the stories passed 
down from generation to generation teach us to 
‘take only what you need.’ For the lessons, the 
students took care not to collect too many plants 
and displayed gratitude to the plants and animals 
for providing them with food” (Isaac, 2016, un-
paginated). Significantly, where stewardship and 
care for the mountains and the plant medicines 
they provide are concerned, Keara Lightning,  
Nehiyaw, Samson Cree First Nation, reminds us 
that relationships with the mountains and those 
plants matter (LC 4.9).

These lessons and attitudes speak to the rich 
cultural legacies of teaching and learning pro-
duced by Indigenous Peoples through their 
intimate connections with mountain places. Such 
lessons and attitudes are distinct from West-
ern ways of knowing in an educational context 
(Ahenakew, 2016; Battiste & Youngblood Hender-
son, 2009) and are grounded in experiences on the 
land (Simpson, 2014). It is possible, however, that 
these approaches could be meaningfully brought 
into conversation with Western, settler-colonial 
education systems to inform more holistic, place- 
based and respect-centred approaches to teach-
ing and inform understandings of decolonial 
perspectives and land stewardship. 

4.4.4 Challenges to Indigenous-led teaching 
and learning in Canada

Indigenous Peoples’ abilities to pass on ways of 
knowing within their own communities, let alone 
be enabled to shape settler-colonial educational 
systems, have been severely disrupted by the 
continuing processes of colonisation and dis-
possession, from the intergenerational impacts 
of residential schools, to the ongoing systemic 
racism, exclusion, and inequity in the educational 
system (Graham, 2010; Isaac, 2016; United Nations 
Department of Economic and Social Affairs, Indig-
enous Peoples, 2017). In Canadian settler-colonial 
schools, Indigenous teachings have been either 
absent from or seriously misrepresented (Battiste, 
2000, 2002; Snively & Williams, 2016), a pattern 
of exclusion and erasure (Ahenakew, 2016) that 
has left impoverished common understandings 
of mountain peoples and environments. More-
over, the situation in Canada echoes experiences 
of mountain peoples around the world, from the 
Andes, to the Himalayas, to the Caucasus, and 
beyond, who have been excluded and marginal-
ised, often in exchange for lowland security; and 
who face growing challenges associated with pat-
terns of global change (Grover et al., 2015; IRIN, 
2012; Price, 2013). Thus, while mountains have 
wonderful gifts to offer knowledge and educa-
tion, this must be considered in light of ongoing 
legacies of dispossession.

In Canadian educational settings, the situa-
tion is changing slowly in response to the UN 
Declaration on the Rights of Indigenous Peoples 
(UN General Assembly 2007, Articles 14.1 and 

Keara Long Lightning, Nehiyaw, Samson 
Cree First Nation, 2022, LC 4.9
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15.1),5 the recommendations from the Permanent 
Forum on Indigenous Issues, Education (UNPFII 
no date), and Canada’s Truth and Reconciliation 
Commission (TRC) (2015) Calls to Action. Juris-
dictions are actively working to align curriculum 
and learning materials with these calls, for ex-
ample, in primary and secondary schools, with 
Indigenous Education Resources provided by the 
BC Government, e.g., a series of learning modules 
entitled Continuing Our Learning Journey (Gov-
ernment of British Columbia, n.d.); and for higher 
education institutions, with the development of 
Indigenous strategic plans, teaching funds and 
resources,6 and renewed investments in hiring, 
units, and programs dedicated to advancing In-
digenous studies.7

Nevertheless, Indigenous teaching and learn-
ing in mountain education faces numerous on-
going challenges at non-Indigenous institutions. 
First, methods of Indigenous teachings and local 
knowledge sharing are difficult to reconcile with 
classroom-based Western education systems, 
being lived, rather than written, as in Western 
systems (Simpson, 2014; Wong et al., 2020).

Second, incorporation of teachings into curric-
ulum risks misappropriation of knowledge and 
culture unless it is Indigenous-led; that is, driven 
by Indigenous Peoples. But this in turn creates a 
risk of overburdening Indigenous teachers and 
learners who are expected to do most of this work 
(Daigle, 2019). Daigle offers some solutions to these 
problems, including investing in permanent, paid 

5 UNDRIP Article 14.1 states: “Indigenous peoples have 
the right to establish and control their educational 
systems and institutions providing education in their 
own languages, in a manner appropriate to their 
cultural methods of teaching and learning.” Article 
15.1 states: “Indigenous peoples have the right to 
the dignity and diversity of their cultures, traditions, 
histories and aspirations which shall be appropriately 
reflected in education.” And see: https://www.un. 
org/development/desa/indigenouspeoples/
mandated-areas1/education.html

6 See, e.g., University of British Columbia, Centre 
for Teaching and Learning, Indigenous Initiatives 
https://indigenousinitiatives.ctlt.ubc.ca/ 

7 See, e.g., University of Victoria: Indigenous Studies 
Program https://www.uvic.ca/humanities/
indigenous/index.php; at UBC: First Nations and 
Indigenous Studies Department https://fnis.arts.
ubc.ca/ and Institute for Critical Indigenous Studies 
https://cis.arts.ubc.ca/people/ 

positions for Elders and other Indigenous Knowl-
edge Holders, and asking non-Indigenous edu-
cators to do the work of learning about colonial 
systems to address its legacies in the classroom. 
However, institutions will no doubt continue to 
struggle with these challenges, even with such 
investments.

Finally, and perhaps most importantly, simply 
embedding decolonial perspectives into class-
rooms, creating spaces for Indigenous students 
and faculty, and acknowledging past harms alone 
will fail to achieve meaningful change. Gaudry 
and Lorenz note that current reconciliatory 
practice at post-secondary institutions often re-
volve around minimally impactful “Indigenous 
inclusion,” whereas the goal should be a move 
requiring the academy “to fundamentally reori-
ent knowledge production based on balanced 
power relations between Indigenous peoples 
and Canadians....” (Gaudry & Lorenz, 2018, p. 
226). This is necessary to move Canadian higher 
education beyond a “Spectacle of Reconcilia-
tion” and toward reckoning with colonialism as 
ongoing process enabled by institutional “recon-
ciliatory rhetoric” that treats it as an historical 
relic (Coulthard, 2014; Daigle, 2019). Education 
must move beyond assimilation and integration 
of Indigenous knowledges within settler-colonial 
systems (Ahenakew, 2016; Battiste & Henderson, 
2009), and toward Indigenous educational self- 
determination (Coulthard, 2014; Nadasdy, 1999). 

4.5 Gifts of Foods and Medicines

The mountain regions of Canada support a rich 
diversity of peoples, plants, animals, waters, 
and practices woven together within food and 
medicinal systems. For Indigenous Peoples in 
Canada, mountains have long traditions as har-
vesting sites. Trips into the mountains or time 
at mountain camps often involve the harvesting 
and managing of multiple foods and medicines. 
For example, Goota Desmarais, Inuit, Kinnegat, 
Nunavut offers an introduction to the impor-
tance of mountains as providers of gifts of food 
and medicine to her People (LC 4.10). Despite eco-
logical shifts, socio-political barriers to access, 
and changing diets, foods and medicines from 
mountains remain central to nourishing people 
(Kuhnlein et al., 2006). Goota also explained her 
community’s ongoing tradition of gathering to 
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share a picnic at the base of the ᑭᙵᖅ, qaqqaq (mountain), while they 
wait to harvest ducks and geese as they fly overhead. She reflected on 
the joy of these gatherings, illustrating that these kinds of harvesting 
experiences in the mountains offer gifts beyond the physical sustenance 
provided by the harvest, providing space to share knowledge and con-
nect as families and communities (LC 4.11).

4.5.1 Plants, Fungi, and Medicinal Species 

Numerous plant species in mountain regions provide gifts of food and 
medicine to many people, including First Nations, Métis, and Inuit Peo-
ples (Fig. 4.5). Plant-based foods in general, though often overlooked 
in accounts of peoples who hunt and fish extensively (Oberndorfer et 
al., 2017), provide crucial sources of energy from carbohydrates along 
with essential vitamins, minerals, and dietary fibre (Turner et al., 2000; 
Tushingham et al., 2021). Plants can also provide a more consistently ac-
cessible source of food during times of fish and game scarcity (Turner et 
al., 2000). In regions like the Eastern Subarctic, where mountain plants 
might not directly contribute as much to human diets, they can still be 
central to practices of fishing and hunting (Oberndorfer et al., 2017). For 
peoples of the Montane Cordillera, the edible bulbs of yellow avalanche 
lilies (Erythronium grandiflorum) and camas are harvested in large quan-
tities primarily from montane regions (Cross, 1996; Turner et al., 2000). 
Berries and fruits are also abundant plant-based foods found across 
mountain regions. For the Gitksan and Wet’suwt’en peoples of the Pa-
cific Maritime region, black huckleberries are the central plant resource 
of their seasonal round, being harvested in large quantities for eating, 
trading, and sharing during feasts (Trusler & Johnson, 2008). 

In the Atlantic Maritime and Boreal Shield regions, bakeapples (Rubus 
chamaemorus), also known cloudberries remain central to social cus-
toms and economic exchange among the community of Charlottetown, 
Labrador (Karst & Turner, 2011), recently renamed NunatuKavummiut. 
While some plant-based foods occur at particular sites and elevations of 
mountains (Karst & Turner, 2011), others can be found at multiple points 
along the slopes, providing opportunities to extend harvesting seasons 
by travelling upward through space (Turner, 2014). Sharing his own ex-
periences of growing up in the Micmac territory of Gesgapegiag, Elder 
Pnnal Bernard Jerome described the way steep mountain slopes offer 
diverse gifts of food and medicine in close proximity, from sugar maple 
(Acer saccharum) to medicinal plants. These gifts, traditionally known 
and stewarded by women, are reciprocated with offerings of tobacco and 
ceremonies (LC 4.12). Gitksan and Wet’suwt’en maintained black huck-
leberry (Gaylussacia baccata) patches at various elevations and locations, 
possibly as a buffer against conditions, such as drought or late frosts, 
that might differ across elevations (Trusler & Johnson, 2008). In these 
ways, harvesting and cultivating plant foods along the slopes of moun-
tains can provide greater flexibility in the seasonal round and resilience 
to shocks.

Maintaining the abundance and quality of these plant-based foods 
requires concerted effort and specific knowledge. Mary Thomas, 

Goota Desmarais, Inuit,  
Kinngat, Nunavut, 2022, 

LC 4.10 and LC 4.11

Pnnal Bernard Jerome,  
Micmacs of Gesgapegiag,  

2022, LC 4.12
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Secwépemc, shares that the lower portion of lily 
bulbs were removed and replanted, and regular 
tilling, weeding, and repropagating likely con-
tributed to the productivity of the lilies (Turner 
et al., 2000). Interruptions to regular root har-
vesting, along with the compaction of soil caused 
by grazing cattle, have left previously productive 
areas devoid of harvestable roots (Turner et al., 
2000). Controlled burns were used to promote the 
growth of multiple root vegetables and to keep 
shrubs from inundating meadows (Turner et al., 
2000). Gitksan and Wet’suwet’en also used pe-
riodic burning of the landscape to maintain the 
presence and productivity of black huckleberries 
(Trusler & Johnson, 2008). The precise timing of 
the burning varied among groups, and Trusler 
and Johnson suggest the timing was likely spe-
cific to sites as well (2008). With the restrictions 
on berry patch burning imposed by the BC forest 

service, many of the higher elevation black huck-
leberry patches of the Gitksan and Wet’suwet’en 
have been overtaken by more fire sensitive shrubs 
(Trusler & Johnson, 2008). Among the Métis of 
southeast Labrador pickers know not to pull the 
bakeapple stalks out from the ground and some 
follow the practice of picking all berries that are 
ripe—not “picking through” for the largest, there 
are concerns that interruptions to being on the 
land may cause loss of collective knowledge and 
social protocols among younger generations 
(Karst & Turner, 2011).

The nutritional value of medicinal plants, 
fungi, and berries has been assessed in some 
regions through case study research as in north-
ern Canada and British Columbia; in addition to 
providing necessary daily nutrients, they are 
protective against many kinds of chronic ill-
nesses including Type II diabetes (Kuhnlein, 1989; 

Figure 4.5: Huckleberries (Vaccinium spp.) growing along Munro Lake in Pinecone Burke Provincial Park, ancestral 
lands of Coast Salish-speaking peoples. Photo courtesy of Erika Gavenus, 2020.
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Kuhnlein et al., 2004; Kuhnlein & Chan, 2000). 
Less is known about their value and use in other 
mountain regions. 

Indigenous oral histories, practices of harvest-
ing (gathering) and uses of plants as medicine 
has been well documented, particularly in British 
Columbia (Peacock & Turner, 2000; Turner, 1984, 
1988, 2020). In northern Canada, in the Richardson 
Mountains of the Boreal Cordillera, for example, 
there is also a growing number of examples of 
ethnobotanical knowledge of Gwich’in and Sahtú 
communities. Ethnobotanical studies, by the 
Gwich’in Social and Cultural Institute and related 
research celebrates the complexity of knowledge 
about plants of the dthaa (Tetli’t Gwich’in name 
for the Richardson Mountains) (Andre & Fehr, 
2001; Parlee & Berkes, 2006). 

Uprety and colleagues found that medici-
nal plants are found throughout boreal forests 
in Canada (Uprety et al., 2012). While the most 
prolific and widespread plants were listed most 
frequently as having medicinal properties, other 
plants used as medicine are highly specific to 
locations and elevations (Uprety et al., 2012), as 
explained by Elder Pnnal Bernard Jerome, Mic-
macs of Gesgapegiag (LC 4.12). In many cases, the 
locations, relationships, and harvesting practices 
are imperative to the medicinal qualities and 
guarded from public sharing (Uprety et al., 2012). 
Cuerrier et al. (2019) found through their work 
with Inuit living in Kangiqsualujjuaq, Nunavik, 
and Nain, Nunatsiavut, within the Eastern Sub-
arctic mountain region, that less than half of the 

identified medicinal plants are used in both com-
munities, and that there is often low specificity in 
medicinal plant uses—specific plants are used for 
multiple purposes, and multiple plants are used 
for a single ailment. 

While discussions of foods and medicines can 
be highly focused on physical health (e.g., the 
precise micronutrients and chemicals contribut-
ing to healing and nourishment; Fig. 4.6), foods 
and medicines gifted by mountains support 
people in other ways (Turner, 2014). Appreciat-
ing how mountains nourish and heal beyond the 
physical gifts of food and medicines is an ongo-
ing space for learning. Keara Lightning, Nehiyaw, 
Samson Cree First Nation, describes relationships 
with mountains, and others, themselves as heal-
ing (LC 4.13); and Wanda Pascal, Teetl’it Gwich’in, 
shares that the activity of picking berries and 
being on the land relieved pain and healed an 
injury (LC 4.14). Oberndorfer et al. (2017) explain: 
“The value and utility of plants is at the systems 
level, in how plants function as one of many 
strands that connect people to fish, birds, soils, 
berries, and other people, as well as to aesthetics, 
memory, emotion, and cultural values.” Similarly, 
Norton et al. (2021) learn through their work 
within the self-governing Inuit region of Nun-
atsiavut that in relationship with people, plants 
fill multiple roles. They are used as indicators of 
seasonal change, offer markers of memories and 
histories, reflect customary laws, support being 
on the land and living off the land, and provide a 
means for practising and renewing shared values.

The value and practices of harvesting plants, 
fungi, and berries to Indigenous Peoples have 
been little documented in academic research 
(see, however, Armstrong et al., 2018, 2022); this 
gap is in part attributable to gender biases in an-
thropology and other disciplines that value male 
knowledge practices and have been chronically 
preoccupied with larger species (Díaz-Reviriego 
et al., 2016; Kuhnlein, 2017; Parlee & Berkes, 2006; 
Parlee et al., 2018). It is a significant concern in 
many regions that Indigenous Knowledge related 
to the use of medicinal plants has been eroded in 
Canada due to the impacts of colonisation. Agri-
culture, forestry, mining, urbanisation and tour-
ism have significantly impacted the capacity for 
Indigenous women to continue to harvest berries 
and plants to contribute to their communities’ 
health and livelihood. 

Keara Long Lightning,  
Nehiyaw, Samson Cree 

First Nation, 2022, LC 4.13

Wanda Pascal,  
Teetl’it Gwich’in, 

2022, LC 4.14
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Table 4.1: Teetl’it Gwich’in Names for Berries valued in the Gwich’in Region 
(Richardson Mountains and Mackenzie Delta). Adapted from Andre & Fehr (2001); 
nB. L. Parlee (2006). 

Gwich’in Common English Latin

Natl’at Cranberry Vaccinium vitis-idaea
Jak na Bog blueberry Vaccinium uliginosum
Nakal Cloudberry Rubus chamaemorus
Nichih Rosehips Rosa acicularis
Ts’iivii ch’ok Juniper berries Juniperus communis
Deetree jak Black currant Ribes hudsoniaum
Nee’uu Red currant Ribes triste
Shis jak Red bearberry Arctostaphylos rubra
Dineech’uh Crowberry Empetrum nigrum

Figure 4.6: Rosehips (Rosa spp.), 
a common addition to medicinal 
teas, ripening upon the Chilcotin 
Plateau, Tŝilhqot’in Nen and 
Dakelh Territory. Photo courtesy 
of Erika Gavenus, 2021.
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Much of the land in British Columbia, including 
Pacific Maritime and Montane Cordillera moun-
tain regions, does not fall under the ownership, 
control or management of First Nations but is 
considered Crown land; approximately 94% of 
the province’s land is designated as provincial 
Crown land, 1% is “federal Crown land,” and the 
remaining 5% is private land (Hamilton, 2012, 
p. 6; Kamieniecki, 2000). First Nations in British 
Columbia and in many parts of Canada are af-
forded rights to harvest plants, fungi and berries 
on public or Crown land for their personal use 
but have limited opportunity to develop them 
for commercial use. “Explicit rights to harvest, 
manage, and charge fees for NTFPs on public land 
have only been granted by the provincial gov-
ernment to those who hold a Community Forest 
Agreement or First Nations Woodland Licence. 
Private forest landowners have rights to all forest 
resources on their lands and some large forest 
companies manage access to NTFPs on these 
lands” (Hamilton, 2012, p. 5). 

The resurgence and recovery of knowledge is 
happening in numerous areas as a result of re-
search partnerships, entrepreneurship, forest 
management protections (e.g., Indigenous pro-
tected areas and parks) as well as various kinds 
of biodiversity conservation initiatives in moun-
tain regions. Indigenous management practices 
based on decades of knowledge and practices are 
particularly valuable in this resurgence (Berkes & 
Turner, 2006; Gavin et al., 2018). Cultural burning, 
or the use of fire to shape mountain landscapes, 
has been used by many Indigenous groups in 
mountains to support the production of berries 
and other plants (Hoffman et al., 2022; Ignace et 
al., 2017). This practice has been widespread in 
many parts of British Columbia including moun-
tain regions. The vegetation communities of the 
Skeena and Bulldey Valleys around Hazelton for 
example, have been shaped by cultural burning. 
It is estimated that the Gitskan and Wet’suwet’en 
peoples have been using cultural burning for at 
least 1000 years (pre-European contact) to influ-
ence productivity of key plants. The principal 
berry species managed by burning were black 
huckleberry (Vaccinium membranaceum Dougl.) and 
low-bush blueberry (V. caespitosum Michz.). Soap-
berries (Shepherdiacanadensis (L.) Nutt.) may also 
have been managed by burning at least in some 

locations. The other main function of burning 
was to clear areas around village sites (Gottesfeld, 
1994).

This is true in other regions further west to-
wards the coast. As described by the late Lil’wat 
elder Baptiste Ritchie from the Stl’atl’imx region 
of British Columbia: “They [the Stl’atl’imx, Lil’wat 
or Lilloeet] burned them [the hills] so that they 
would get good crops there. They told others 
who went there, ‘Do the same at your place, do 
the same at your place.’ Their hills were just like a 
garden” (Peacock & Turner, 2000, p. 133).

There is potential for many Indigenous and 
other communities to develop local economies 
from the harvesting, processing, and marketing 
of plants for food and medicines. In their assess-
ment of factors relating to successful commercial 
development of chanterelle harvesting on north-
ern Vancouver Island within the Pacific Maritime 
region, Ehlers and Hobby (2010) note potential 
trade-offs between further developing mushroom 
harvesting and the interests of the timber indus-
try—namely the age at which trees are harvested 
Most chanterelle harvesting takes place on land 
that has been designated as Crown Land, which, 
as discussed above, has implications for who has 
the authority to regulate how the harvesting hap-
pens, and potentially expands. 

Informed by examples internationally, there is 
widespread concern in Canada about intellectual 
property rights associated with medicinal plants 
and the potential impact that commercialization 
of the resources could have on the sustainability 
of various species and the practices and uses of 
local people (Tsing, 2015). Elder Gùdia Mary Jane 
Johnson, Lhu’ààn Mân Ku Dań, shared concerns 
about the commodification of these traditional 
foods and medicines. She described the escalating 
fervour to harvest lucrative morel mushrooms, 
which each year brings people from all over 
the world to recently burned sites in the moun-
tains of her territory to search for morels. She 
explained that members of her community are 
careful about guarding their knowledge of mush-
room foraging places, sharing the harvest but 
avoiding sharing harvest locations with outsiders 
in particular. “There’s economic value,” she ex-
plained, “but there are other values that are equal 
or of more value than the economic values that 
are usually tagged on to anything on the land” 
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(LC 4.15). Seasonal closures of commercial harvesting of huckleberry in 
parts of the Kootenay, within the Montane Cordillera, began in 2017 due 
to concerns raised by the Ktunaxa Nation, and others, that the harvest 
was harming bears (Government of British Columbia, 2022). One anon-
ymous reviewer offered this as an example of how precarious the gifts 
of the mountains can be “if not managed with sustainability and holistic 
benefits in mind.”

In describing foods as gifts from the landscape, Enrique Salmón notes 
the importance of how such gifts are received and practices of reciproc-
ity (Salmón, 2012). Such reciprocity can take the form of offerings, which 
are often foods and medicines themselves (Andrews et al., 2012; Uprety 
et al., 2012). Controlled burning and returning bones can maintain the 
cycling of nutrients, just as salmon returning to their spawning grounds 
bring influxes of marine-based nutrients to mountain forests (Haskell, 
2018; Hocking & Reynolds, 2011; Louis, 2021; Wagner & Reynolds, 2019). 
Gabrielle Weasel Head, Kainaiwa Nation, Blackfoot Confederacy, shared 
that guardianship of mountains and the responsible use of gifts are also 
required (LC 4.16). In these ways, along with many others, receiving gifts 
from the mountains comes with responsibilities to the mountains.

4.5.2 Wildlife

Wild species, including wild animals, are among those gifts that contrib-
ute significantly to the well-being of communities in Canada (Nadasdy, 
2007). While some animals use high mountain areas as their permanent 
homes, others are visitors to mountains, moving into highland areas 
along their migrations or during specific seasons. Mountains provide 
these animals with respite from heat, plants for foraging, and safety 
from predators. They are a source of food security and economic live-
lihood to many peoples. For example, within the Taiga Cordillera the 
mountain woodland caribou move to higher elevations of the Selwyn 
Mountains in summer for calving season (Andrews et al., 2012). Caribou 
meat is a staple food and trade item for the Shuta Got’ine, or Mountain 
Dene, and hunters take advantage of mountain ice patches as reliable 
places to find caribou seeking refuge from heat and insects (Andrews et 
al., 2012). Smaller game, such as ground squirrels and grouse, are also 
harvested during the same trips and used as food (Andrews et al., 2012). 
Goota Desmarais, Inuit, Kinnegat, Nunavut, shared that waterfowl and 
eggs are also harvested from mountain areas (LC 4.17).  

Within the Montane Cordillera mountain region, the Salish had camps 
from which bighorn sheep were hunted, and along the Rocky Mountain 
Front the Blackfoot hunted bighorn sheep in the winter (Zedeno et al., 
2021). In the southwestern Canadian Rockies region, the Ktunaxa hunted 
mountain herds of bison, who moved into alpine areas during the sum-
mers (Reeves, 1978) (Fig. 4.7). Place names and archaeological records 
suggest that the physical features of the mountains were often used to 
facilitate successful hunts—driving caribou up against cliffs or bison into 
depressions left by ice (Andrews et al., 2012; Reeves, 1978). Among the 
Iskut First Nation within the Boreal Cordillera region, McIlwraith finds 
moose hunting to be “the central activity of life” with tasks—camping, 
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cutting and drying meat, feasting—undertaken 
with “passion and vigour” (McIlwraith, 2008, 
p. 125). 

While practices and protocols for hunting con-
tinue, many of these wildlife populations have 
declined significantly in the last fifty to a hun-
dred years, for multiple and interrelated reasons 
including development, deforestation, and addi-
tional hunting pressures (Andrews et al., 2012; 
Oetelaar, 2014). Elder Gùdia Mary Jane Johnson, 
Lhu’ààn Mân Ku Dań described her Nation’s obser-
vations of and responses to declines in Dall Sheep 
populations, explaining the value of Elders in the 
herd and her Nation’s efforts to lobby the Yukon 
Government to reduce trophy hunting as a con-
tributing factor to population decline (LC  4.18). 
People can also find it harder to fit hunting trips 
into schedules that are increasingly determined 

by seasonal and full-time wage work (McIlwraith, 
2008). 

Numerous studies have revealed the significant 
nutritional contribution of wild species when har-
vested; moose, elk, mountain caribou are among 
those species important in the Rocky Mountains 
and foothills regions. In the mountains of north-
ern Canada (e.g., Yukon, Northwest Territories 
and Nunavut) where access to market food alter-
natives is very limited, traditional and country 
food are fundamental to food security (Kuhnlein 
et al., 2004). Many sources of wild meat are also 
critical to health; Inuit and First Nations who 
consume higher levels of wild meat and other 
traditional foods in their diets report greater 
levels of well-being and evidence lower levels of 
chronic illness (e.g., heart disease and Type II di-
abetes) when compared to those more dependent 

Figure 4.7: Plains bison (Bison bison), also known as buffalo, have been vital to the cultures and lifeways of Nations 
living along the Rocky Mountain Front since time immemorial. Photo courtesy of Madison Stevens, 2019.
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on non-wild meats (Kuhnlein et al., 2004; Wil-
lows, 2005). “The Inuit dietary survey conducted 
by the Centre for Indigenous Peoples, Nutrition 
and the Environment demonstrated that days 
with country food provided more protein and 
micronutrients than days without country food, 
and that carbohydrate intake, particularly re-
fined carbohydrates, increased on days without 
country food” (Egeland et al., 2009, p. 12). How-
ever, wild meat is not a universal solution, given 
the cost of the tools, fuel, and other resources 
required; many women, including single moth-
ers, are particularly excluded from access to wild 
meat in many regions. In one study, Inuit (up to 
45% within age groups) reported that they could 
not afford to go hunting or fishing (Lambden et 
al., 2006).

Country foods are expensive to acquire 
relative to store-bought foods, with gear 
being a large investment. The high cost of 
equipment is not only a limitation, but often 
means that acquiring country foods is not 
profitable, potentially costing the hunter 
more money than purchasing equivalent 

foods at the store. This cost discrepancy is 
made worse by the fact that store-bought 
foods receive federal subsidies divided 
among national taxpayers, while country 
foods costs fall only on the individual hunter, 
or immediate family. (Hoover et al., 2016)

Many iconic wild species also feature prominently 
in Indigenous cultures and spiritual well-being. 
The Spirit Bear (Ursus americana) is among those 
species of significance to Indigenous Peoples in 
the mountain regions of British Columbia. “Peo-
ple in Haíl˜zaqv territory live and harvest food 
resources among grizzly bears, indeed shar-
ing salmon, berries, and other foods with them. 
The grizzly bear is present in ceremony through 
masks, songs, dances, issuing reminders as an en-
forcer for Haíl˜zaqv people to conduct themselves 
respectfully” (Clark et al., 2021).” Threats on the 
Spirit Bear associated with Pacific salmon de-
clines, and forest ecosystem loss as well as trophy 
hunting) have echoing impacts in the Haíl˜zaqv 
and other communities. 

Gwich’in and Sahtu hunters have documented 
the cycles of Porcupine and Bluenose caribou pop-

THE MAN WHO TURNED INTO A CARIBOU

Indigenous Peoples have well developed knowledge 
systems that reflect generations of living on the land; 
this knowledge includes well developed insights about 
wildlife ecology in mountain regions. This close re-
lationship is deeply embedded in oral histories that 
detail the kinship between people and animals. One 
good example is the story from the Tetlit Gwich’in el-
der about a person becoming a caribou. 

Story: The Man Who Turned into a Caribou 
There was a man whose medicine was the 
caribou and he went and hunted the caribou. 
Suddenly, as he was shooting at the last of the 
caribou going by, the men in the group saw 
that there was no man. They ran along after 
him to see what happened. They found his 
clothes on the ground and an extra caribou 
running away. The men were very confused and 
upset about this, but there was nothing they 
could do. The next year they went to the same 

spot, where there was a caribou crossing, and 
again they saw the caribou. But one caribou 
did not follow the others. He turned back into 
the lake and swam towards an island. One 
man took a canoe and went after him. Now 
this man who went after the caribou was the 
father of the man who had disappeared the 
year before. When the man got to the island, 
to his amazement he heard the caribou calling 
to him saying, “Father, father don’t shoot me! 
I’m going to swim to the shore and when I get 
to the shore, throw a stone at me.” The man, 
who was startled and rather alarmed by this, 
returned in his canoe to the shore. The caribou 
swam after him and when the caribou got to 
the shore, the man threw a stone at it. Lo and 
behold! The caribou turned back into his son 
again, and stood there, naked and shivering 
on the beach (Benson & Department of Cultural 
Heritage, Gwich’in Tribal Council, 2019, p. 4).
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ulation change, triggers of caribou stress and poor 
health, and good management practices for cari-
bou in the Richardson and Mackenzie Mountains 
(Parlee & Caine, 2018). Similar to forest ecosystem 
management and the recovery of intact forests, 
there is growing evidence that the leadership of 
Indigenous Peoples is key to ensuring the sustain-
ability of wildlife (Schuster et al., 2019). Some key 
examples include the mountain caribou in British 
Columbia (Lamb et al., 2022) and grizzly bear in 
the eastern slopes of the Rocky Mountains. 

4.5.3 Fisheries

Among the wildlife supported by mountains, 
fish from alpine lakes to coastal regions benefit 
from the aquatic habitats, food and nutrients, and 
spawning grounds provided by mountains (Fig. 
4.8). These fish, in turn, support fisheries that are 
central to livelihoods, identities, and continuance 
of many communities across Canada (Armstrong 
& William, 2015; Ommer & Coasts Under Stress 
Research Project Team, 2007)

Figure 4.8: The Bella Coola River flows through Nuxalk Territory from the coastal mountains to the North Bentinck Arm. 
Salmon travel the river to return to their spawning grounds, and the river once supported large returns of eulachon. 
The surrounding mountains, including Nusatsum Mountain in the photo, play a central role in the health of the river 
and the fish who travel along it. Photo courtesy of Erika Gavenus, 2021.
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Fish of the mountains, including species like 
cutthroat trout (Oncorhynchus clarkii) and char 
(Salvelinus spp.), whitefishes (Coregoninae spp.), and 
burbot (Lota lota), often find refugia in cold, clear 
waters of mountain streams and alpine lakes (Sin-
natamby et al., 2020). Some trout, like westslope 
cutthroat (Oncorhynchus clarkii lewisi), Athabas-
can rainbow (Onchorhynchus mykiss spp.), and bull 
(Salvelinus confluentus) also rely on groundwa-
ter seeps for overwintering in mountain regions 
(Sinnatamby et al., 2020). Mountain fish can be an 
important part of harvesting trips. Megan Dicker, 
an Inuit woman from Nunatsiavut, describes the 
importance of returning to the Torngat Moun-
tains for hunting and fishing for Inuit who have 
grown up in southern communities following 
relocation:

There is still such a strong connection there 
for people of my generation who go there 
[Torngat Mountains]. People still go there 
every year to hunt and to fish and to just go. 
Just to be. Go just to be there, to spend time 
there. They have those camps all along the 
way from our communities north to the tip 
of Labrador where people go camp. Most 
people go in the summer months by boat, 
but people have also been going by skidoo 
on the ice this spring. So even though 
nobody lives there permanently anymore, 
people still go back. It’s like a pilgrimage. 
Something that they need. Something that 
was taken from them. (LC 4.19)

Within the academic literature, much of the focus 
on mountain fishing considers angling or rec-
reational fishing. In particular, the stocking of 
mountain lakes with fish preferred by anglers has 
received significant attention for the cascading 
ecological effects of such introductions (Parker 
et al., 2001; Pearon & Goater, 2008; Weidman et 
al., 2011). This research focus has generated con-
siderable insights into the complexity of alpine 
aquatic systems (Heinle et al., 2021; Macdonald 
et al., 2014; Paul & Post, 2001). Jeanson and col-
leagues (2021) have also offered insights into the 
social complexity of these same systems. The re-
vealed complexity has complicated efforts, thus 
far, to make more generalised predictions about 
how cumulative impacts—such as shifting tem-
peratures, pressure from anglers, or removal of 

introduced species—are likely to affect fish of the 
mountains and the relationships we have with 
them (Ripley et al., 2005; Sinnatamby et al., 2020).

Mountains also offer gifts to fishes of the low-
lands, including marine species such as herring 
(Clupea pallasii), and anadromous species such as 
eulachon (Thaleichthys pacificus) and salmon (Onco-
rhynchus spp.) which spawn in estuaries and lower 
reaches of rivers originating in coastal mountains 
(COSEWIC, 2013; Moody, 2008). Bodaly et al. (1984) 
similarly note the connection between moun-
tain activities and pike and walleye in Northern 
Manitoba. For many of these fish, the freshwater 
and nutrients that flow from mountains, snow-
pack, and glaciers are critical to their survival 
and successful spawning (Pitman et al., 2020). At 
the same time sediment loading (Pentz & Kosta-
schuk, 1999), shifting flows and timing (Rand et 
al., 2006), and contaminants from mountain ac-
tivities (Reid et al., 2021) can pose significant risks 
to these lowland fish and associated fisheries. 
Brandy Mayes, Kwanlin Dün First Nation, explains 
the detrimental effects of historically unprec-
edented flooding on salmon populations in her 
Nation’s Traditional Territory (LC 4.20). Contam-
ination of fish in mountains is also documented 
and is an area of concern for restoration of moun-
tain fish populations (Orr et al., 2012; Rudolph et 
al., 2008). Attending to these multiple pressures, 
across landscapes and at times jurisdictions, re-
mains a space for significant learning. Tulloch et 
al. (2022) offer one approach for bringing terres-
trial and marine pressures together in assessing 
risks for Pacific salmon and herring. How such 
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assessments can inform decisions within fisher-
ies management and land use deserves further 
attention and conversation. 

Finally, there are the fish which travel between 
the highlands and lowlands. Tim Patterson, Lower 
Nicola Indian Band, Scw̓éxmx, Nlaka’pamux 
(Thompson) Nation, noted that some lowland 
fish, particularly eulachon in the Pacific Mari-
time region, make this journey following harvest, 
with extensive networks of ‘grease trails’ shaping 
mountains and relationships among First Na-
tions (LC 4.21). Other fish, most notably Atlantic 
salmon (Salmo salar) and Pacific salmon (Onco-
rhynchus spp.), make the long journey from sea to 
mountainous spawning habitats where they have 
a tremendous effect on those systems, as Brandy 
Mayes (Kwanlin Dün First Nation) described: 

In our world, salmon feed everything. Not 
us, not just us. They feed the land, they feed 
the bears, and everything that survives on 
salmon. Between the birds that live on the 
land, and the squirrels, and the trees, and 
everything. (LC 4.20) 

While there is increasing attention in the re-
viewed academic literature to the multiple ways 
that salmon, and other anadromous fish, nourish 
and shape mountain spaces (Hassan et al., 2008; 
Hocking & Reynolds, 2011; Wagner & Reynolds, 
2019), Gende et al. (2002) along with Levi et al. 
(2012) note that the implications of dramatically 

reduced salmon returns on mountain systems 
have received limited attention in academic lit-
erature. Yet, these changes are widely observed 
by those who live alongside and depend on 
salmon, on both Pacific and Atlantic coasts. Elder 
Pnnal Bernard Jerome, Micmacs of Gesgapegiag, 
described protracted activism by Micmac com-
munities to protect declining Atlantic salmon 
habitat and place limits on the recreational sport 
fishing industry, returning the salmon to Micmac 
stewardship (LC 4.22). Likewise, sharing observa-
tions from Kwanlin Dün territory, Brandy Mayes 
(Kwanlin Dün First Nation) says:

We’re looking at all of these different ways 
that climate change and the environment is 
changing from one species [salmon], from 
the warming of the weather. And, now we 
are at: “What are we going to do? What is 
it going to do? What is going to happen?” 
We already know culturally, the impacts. 
We always went to salmon camp. Not only 
was it just about eating better food and a 
healthy diet and having that food come 
through every year. It was about your social 
aspects of salmon camp: what you taught 
and the stories were passed down to your 
children and that family connection. And 
knowing, when you’ve all gathered together, 
what was happening up and down the river. 
Coming together in ceremony and meeting. 
You look at that species, by not having it 
coming back every year in the abundance 
that it was—we used to take tens of thou-
sands before the dam went in, and then we 
were still at five thousand, twelve hundred. 
We’re at two hundred salmon a year coming 
back, and counting only nineteen redds. If 
you guys know what nineteen redds are, it’s 
the spawning, where they lay their eggs. 
Nineteen. Last year we had five. That’s only 
that many salmon that are spawning, and 
what’s going to survive out of that to make 
it back? To make it back to the ocean and 
come back and then keep feeding every-
thing along the way? (LC 4.20)

In the Pacific Maritime region, the Wuikinuxv Na-
tion in collaboration with academic researchers 
and fisheries scientists have shared an ecosystem- 
based management approach for fishing activities 
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that centres the needs of bears alongside the 
needs of humans (Adams et al., 2021). Principles 
of fisheries governance that have been shared by 
Indigenous Peoples across Canada (Atlas et al., 
2021; A. J. Reid et al., 2021, 2022; M. Reid et al., 
2022) often highlight the importance of manag-
ing marine or lower-river fishing activities with 
regard to sharing with humans and non-humans 
upriver. However, such principles remain largely 
absent in approaches to fisheries governance that 
have long privileged single-species management 
(M. Reid et al., 2022) and potentially hindered by 
gaps in Western science’s understanding of how 
anadromous fish influence the productivity of 
mountain systems (Gende et al., 2002).

Broadly, the reviewed academic literature 
primarily casts the use of foods and medicines 
from mountains as practices of the past, with a 
focus on practices of Indigenous Peoples. Notably 
absent from the reviewed academic literature is 
reference to local knowledge and practices held 
by non-Indigenous multi-generational popula-
tions. The approach of the CMA, therefore, does 
not necessarily represent what is known about 
foods and medicines of the mountains among 
these populations if it falls outside of academic 
literature. Scholars and practitioners within the 
movement of Indigenous food sovereignty have 
rightfully criticised the over-emphasis and intel-
lectual curiosity with Indigenous food practices 
of the past that too often occurs alongside the 
under-scrutiny of the colonial processes that in-
terrupted such practices and the discounting of 
contemporary efforts to renew them (Coté, 2016). 
In general, there seems to be a gap in the literature 
with regard to the foods and medicines currently 
given by mountains, the food practices that take 
people into the mountains, and how those foods 
and practices might be expected to change look-
ing forward. The knowledge shared during the 
Learning Circles included more references to cur-
rent practices and gifts. In cases wherein sharing 
such information aligns with the responsibilities 
of mountain stewardship and respectful relation-
ships, there is much to be learned with regard to 
the continued gifts of foods and medicines.

4.6 Gifts of Water

Mountains, sometimes referred to as the world’s 
‘water towers’, are recognized globally as import-

ant sources of freshwater (Viviroli et al., 2007). 
This is because mountains receive more precip-
itation than surrounding lowlands, experience 
less evapotranspiration due to lower tempera-
tures and less vegetation, and store water as snow 
and ice from which summer meltwater subsidises 
dry-season streamflow (Barnett et al., 2005; Vi-
viroli et al., 2003). Mountain water resources are 
critical for both mountain populations and those 
who live hundreds or even thousands of kilome-
tres downstream (Immerzeel et al., 2020; Viviroli 
et al., 2020).

4.6.1 Gifts of freshwater

In Canada, many communities and industries rely 
on water resources derived from mountains. From 
the perspective of water demand relative to local 
supply, this is particularly true in southwestern 
Canada, e.g., in semi-arid areas such as the Okana-
gan Valley and the southern Canadian Prairies 
(Mitchell et al., 2021). But water from mountains 
matters in myriad ways across mountain systems. 
For example, Patricia Joe of Kwanlin Dün First 
Nation described the connection between the 
mountains, the Yukon River, and its people:

We come from the Yukon River, the biggest 
artery in the Yukon, and it connects us to all 
the communities. But we would not be river 
people if it wasn’t for the mountain people. 
It’s the mountains that made the river. 
(LC 4.23)

The Montane Cordillera region is an often-cited 
example of an important mountain water tower 
in western Canada. The apex of the Columbia Ice-
field in the Canadian Rockies represents a rare 
hydrological “triple point,” with meltwaters from 
the Icefield flowing west to the Pacific, east to the 

Patricia Joe, Kwanlin Dün First  
Nation, 2022, LC 4.23
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Atlantic, via Hudson Bay, and north to the Arctic, 
via the Athabasca and Mackenzie River systems. 
Waters from this icefield reach five of Canada’s 
thirteen provinces and territories, where they 
play an essential role in ecological, municipal, 
agricultural, and industrial water resources. The 
westward-flowing Columbia River system is also 
a critical hydrological artery for the U.S. Pacific 
Northwest, with much of its flow derived from 
mountain headwaters in Canada. These headwa-
ters are sacred and are imbued with cultural value 
for numerous Indigenous populations of western 
North America (e.g., Atlas et al., 2021; Awume et 
al., 2020). 

The Columbia Icefield is a signature feature of 
the Canadian Rockies, but glaciers and snowfields 
along the entire expanse of the continental divide 
serve as the wellspring for much of western North 

America’s water supply. Runoff from the eastern 
slopes of the Rocky Mountains (Fig. 4.9) contrib-
utes disproportionately to the flow in the Bow, 
North Saskatchewan, Athabasca, and Peace River 
systems, flows which are heavily drawn upon for 
agriculture and industry (e.g., Demuth & Pietron-
iro, 2003; Schindler & Donahue, 2006; Marshall et 
al., 2011; Toth et al., 2009). A recent study com-
piled municipal water sources in Alberta and 
found that 232 of 567 communities rely on snow- 
and glacier-fed rivers from the Rocky Mountains 
(Anderson & Radic, 2020).

Similarly, the western slopes of the Rockies and 
several other ranges within the Montane Cor-
dillera and Pacific Maritime regions are critical 
sources of water to downstream communities and 
hydroelectric facilities. Immerzeel et al. (2020) 
ranked global mountain basins in terms of their 

Figure 4.9: The Athabasca River flowing from mountain water towers in the Canadian Rockies, Alberta. Photo courtesy 
of Graham McDowell, 2016.
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importance to water supply. They conclude that 
the Fraser River basin, which spans the Pacific 
Maritime and Montane Cordillera regions, is the 
most important mountain water tower in North 
America, based on the extensive mountain water 
resources in this region’s hydrological system 
(Supply Index) and the high demand for that 
water (Demand Index). The Columbia River Basin 
was assessed as the second most critical moun-
tain water tower. The Columbia River is the most 
heavily dammed river system on earth, and hy-
droelectric dams in the Canadian portion of the 
Columbia provide 58% of British Columbia’s elec-
tricity (BC Hydro, n.d.).

Water is much more than simply a material sub-
stance. Water holds complex meanings and values 
for all human communities (Strang, 2004) and 
hydrosocial relations with mountain waters are 
diverse and complex. In Canada, mountain water 
is valued for environmental, spiritual, cultural, 
economic and political reasons including tour-
ism (Romeo et al., 2021), habitat for fish (Turner 
& Clifton, 2009) and a source of drinking water 
(Anderson & Radic, 2020) or water for various 
industrial uses including agriculture and mining 
(Laidlaw, 2018; Schindler & Donahue, 2006). 

Much of the literature on human-water rela-
tionships in mountain regions in Canada focuses 
on Indigenous knowledges and relationships with 
water, often understood as a living entity (Wilson 
& Inkster, 2018). While focusing on Tlingit and 
northern Athapaskan peoples’ relationships 
with glaciers in the St. Elias Mountains (Pacific 
Maritime and Boreal Cordillera), Cruikshank 
highlights the place of water in local traditions 
as well as the central role of human-water-gla-
cier relationships in everyday life (Cruikshank, 
2005). Nancy Turner and Elder Helen Clifton (Git-
ga’at (Coast Tsimshian) Nation of Hartley Bay, 
BC) (Pacific Maritime) discuss human-water re-
lationships as they share Secwépemc elder Mary 
Thomas’s recollection of “her own mother break-
ing off stems of swamp gooseberry (Ribes lacustre) 
during a summer drought, dipping these in the 
water of a mountain creek and invoking rain” 
(Turner & Clifton, 2009, p. 183). Research with 
Stellat’en First Nation (Montane Cordillera) also 
indicates concerns about the impacts of climate 
change on water and fish (Sanderson et al., 2015). 

Parlee and Martin (2016) review existing doc-
umentation of Indigenous knowledge of the Peel 

River Watershed (Taiga Cordillera), a sub-water-
shed of the Mackenzie River Watershed highlight 
the importance of water to the Teetl’it Gwich’in, 
Vuntut Gwich’in, Tr’ondëk Hwëch’in and North-
ern Tutchone. They discuss the value of the 
rivers in the Peel watershed as transportation 
corridors and the fish in the rivers as important 
to the food security of families who utilised the 
area. Furthermore, they document changes in 
water quality and levels (e.g., riverbank erosion, 
fluctuating water levels) and concerns about the 
impacts of development and climate change on 
the watershed and the fish that rely on it. Finally, 
Wilson, Tr’ondek Hwech’In Elder Angie Joseph- 
Rear, and others (Wilson et al., 2019) discuss the 
importance of mountain water sources (tradi-
tional drinking water sources) near Tombstone 
Territorial Park in Yukon (Taiga Cordillera) for 
the spiritual, cultural, and physical health of the 
Tr’ondek Hwech’In.

The complexity of hydrosocial relations means 
that climate change has cascading socio-cultural, 
political, and ecological implications for human 
communities. For instance, mountain communi-
ties that rely on glacially fed rivers for municipal 
drinking water supplies are potentially vulnerable 
to reduced streamflow resulting from deglaciation 
(e.g., in Alberta; Anderson & Radic, 2020). Climate 
impacts on the snowpack mountains within the 
Capilano and Seymour watersheds that supply 
water to Metro Vancouver are also of concern for 
long-term planning (Mood & Smith, 2021). While 
Canada has been noted to suffer from the “myth 
of abundance” (Sprague, 2007), these examples 
illustrate the importance of paying attention to 
the implications of water scarcity for mountain 
communities and those outside mountain regions 
that rely on these water sources.

Water governance is also an important topic 
related to hydrosocial relationships. There is lim-
ited literature on water governance in mountain 
regions in Canada. Challenges in water gover-
nance may prevent the protection of water. For 
instance, weak governance is at the heart of 
Canada’s water problems including significant 
jurisdictional overlap and conflict (Bakker, 2011). 
Furthermore, Indigenous Peoples have inherent 
water rights, authorities, and responsibilities to 
water (Craft, 2017; McGregor, 2014), and yet are 
frequently excluded or marginalised within co-
lonial water governance frameworks in Canada 
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including specific examples from mountain re-
gions (Arsenault et al., 2018; Simms et al., 2016; 
Wilson, 2020). Indigenous Peoples are also articu-
lating approaches to water governance—rooted in 
their Indigenous governance systems that centre 
water as a living entity (Wilson & Inkster, 2018). 
These issues are not specific to mountain regions; 
however, future literature should consider the 
specificities of governance in these regions.

4.6.2 Gifts of wetlands

Wetlands provide a variety of gifts or ecosystem 
services: water quality improvement, flood risk 
mitigation, water retention, support for biodiver-
sity, and carbon management (Zedler & Kercher, 
2005). They are key stops for migratory species, 
they host specialised species adapted to living 
in very specific conditions, and they provide for 
landscape heterogeneity. In mountains in Canada, 
wetlands have been described as acting as kidneys 
for the Earth (Bai et al., 2013), playing a critical 
role in cleaning water of excessive nutrients and 
polluting chemicals. Wetlands in the mountains 
are also important flood risk mitigators, as seen 
in Westbrook et al. (2020), who describe the 2013 
flood in Kananaskis region of southern Alberta, in 
the Montane Cordillera. Wetlands retain runoff 
water, allowing for a slower release of water 
through time and buffering the input to down-
stream areas. 

Wetlands also comprise key wildlife habitat 
in mountain regions. They provide habitat for 
moose and elk calving, as well as beaver, which 
are landscape architects and have shaped much 
of the low- and mid-elevation wetlands in the 
mountains in Southern Alberta (Morrison et al., 
2014). Wetlands are also a stop for migratory 
species for resting, drinking water, and feeding 
as well as nesting areas for birds. By providing 
landscape heterogeneity these ecosystems allow 
for protection of habitat-specific species, and can 
act as a natural barrier to break up homogeneity 
in landscapes, particularly above the treeline. If 
undrained and well conserved, wetlands act as 
natural fire breaks and refuges for communi-
ties during wildfires, which are becoming more 
common. Wetlands may potentially act as climate 
refugia as species ranges shift by buffering tem-
perature swings (Stralberg et al., 2020). 

Wetlands can also capture large amounts of 
carbon, demonstrating the resilience of mountain 
environments. Studies of the carbon accumula-
tion rates in peatlands in the mountain regions of 
Canada are scant; however, it has been shown that 
despite lower carbon content, long-term carbon 
accumulation rates of mountain peatlands may be 
similar to that of boreal lowland peatlands as the 
peat is usually denser (Cooper et al., 2012). Peat in 
the Rocky Mountains started to accumulate after 
the last glaciation, and the ages range from 3800 
to 12,000 years ago (Cooper et al., 2012; Gardner & 
Jones, 1985; Mercer, 2018). The estimated average 
depth of peat in the Canadian Rocky Mountains 
is 50–100 cm (Mercer, 2018; Tarnocai et al., 2011). 
The mean long-term accumulation rates for peat-
lands in the foothills of the Canadian Rockies 
are estimated to be about 25 gC m-2 yr-1, which 
are similar to carbon storage rates of peatlands 
in Colorado (Chimner & Cooper, 2003; Wickland 
et al., 2001; Yu et al., 2003). Further inventorying 
and carbon accounting of peatlands in the moun-
tain regions of Canada are needed to understand 
their carbon sequestration capabilities.

Anthropogenic impacts including climate 
change are affecting and will continue to alter 
important functions of wetlands and specifically 
peatlands in sensitive world regions like moun-
tains. Current and predicted changes to mountain 
wetland ecosystems are discussed in Chapter 5, 
Sec. 5.10.3.

4.7 Gift of Mountain Spaces and 
Terrain for Tourism and Recreation 
Activities 

4.7.1 Nature and adventure tourism 
economies

Mountain regions across the world are popular for 
tourism and recreation activities, as mountains 
hold rich socio-ecological diversity and inspiring 
landscapes that create opportunities for reflec-
tion and adventure (Romeo et al., 2021). The same 
holds true for mountain regions across Canada 
(Mitchell et al., 2021), which have grown in popu-
larity with rising visitation numbers (IUCN, 2020). 
Mountains in Canada have drawn people from 
across many cultures seeking opportunities for 
physical adventure and an escape from everyday 
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life (Fig. 4.10). Mountain-based tourism and rec-
reation activities in Canada include, but are not 
limited to, sight-seeing, hiking, mountaineering 
(e.g., rock climbing, ice climbing, alpine climb-
ing, ski mountaineering, via ferrata), skiing (e.g., 
backcountry, alpine, cross country, kite-assisted), 
water-based activities (e.g., swimming, paddle-
boarding, canoeing, kayaking, rafting, sailing), 
biking (road and mountain), camping, fishing and 
hunting, and mechanised recreation (e.g., snow-
mobiles, all-terrain vehicles/quads, helicopters, 
snowcats for skiing), which occur across different 
seasons depending on conditions. 

Today this is a multi-million dollar industry in 
Canada in places such as the Rocky Mountains of 
western Canada and the associated “adventure 
culture” economy (e.g., clothing, retreats, art-
work) is worth many more million dollars per 
annum. In Canada, over half of national park 
visits occur in the seven so-called mountain parks 

(Banff, Jasper, Mount Revelstoke, Glacier, Yoho, 
Kootenay, and Waterton Lakes) annually, and in a 
pre-COVID-19 era, $1.48 billion was generated an-
nually from tourism activities in Alberta’s Rocky 
Mountains alone (Alberta Government, 2012). 
Tourism and recreation activities in mountain re-
gions across Canada emerged with the establish-
ment of Rocky Mountain National Park in 1886 as 
the introduction of railways brought elite Euro-
pean and North American travellers to Banff’s hot 
springs (Draper, 2000). Since then, tourism and 
recreation development has been steady across 
mountain regions in Canada, with many commu-
nities transitioning away from economies based 
on mining and forestry, towards those based on 
tourism and recreation (Héritier, 2003; Nepal & 
Jamal, 2011). 

With the increase in tourism and recreation 
opportunities in mountain regions across Can-
ada, many urbanites have flocked to mountain 

Figure 4.10: Mount Rundle and Sacred Buffalo Guardian Mountain (foreground) in Banff National Park, a popular 
destination in the Montane Cordillera region. Photo courtesy of Graham McDowell, 2022.
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communities in pursuit of leisure and recreation 
lifestyles that cannot be found in urban environ-
ments (Pavelka, 2017). As with any transition, 
there are social and ecological trade-offs associ-
ated with moving towards a tourism-dependent 
economy, which is further discussed in Chap-
ter  5. However, a holistic understanding of the 
economic, social, and environmental implica-
tions of mountain-based tourism and recreation 
across mountain regions in Canada, particularly 
in Northern and Eastern mountain ranges, is still 
lacking, and too little is known about how tour-
ism revenues flow back to local communities. 

Beyond the economic importance of tourism 
and recreation in mountain regions, tourism and 
recreation activities provide diverse benefits to 
people. Earlier work by Bratton et al. (1979) ex-
amines the reason why people are drawn to the 

sport of mountaineering in Canada and found that 
people participate in mountaineering activities 
for a social outlet, health and fitness, excitement, 
relaxation, competitive and non-competitive 
achievement, and the love of nature. Further, 
it is recognized that participating in tourism 
and recreation activities in nature can enhance 
pro-environmental behaviour and stewardship 
behaviours by strengthening the relationship be-
tween humans and nature, as seen in recreational 
fishermen in British Columbia (Jeanson et al., 
2021). 

In essence, tourism and recreation activities 
in mountain regions provide humans with a gift 
of reconnecting with the natural world through 
movement and play. In Canada, beliefs and be-
haviours during recreational activities are driven 
by each individual person’s experience in nature 

Figure 4.11: Backcountry skiers ascending a slope above Lake McArthur in Yoho National Park. Photo courtesy of 
Madison Stevens, 2023.
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and can be influenced by the species with which 
they interact and the habitats they use for rec-
reation (Jeanson et al., 2021; Stoddart, 2011). For 
example, trail users in Banff, Jasper, Kootenay, 
and Yoho national parks (Fig. 4.11) were likely to 
support the closure of a particular area for con-
servation efforts, such as for a female bear with 
cubs (Elmeligi et al., 2021). Yet, the mountains are 
not equally accessible and do not provide tourism 
and recreation gifts to everyone, as Goota Desma-
rais (Inuit, Kinngat, Nunavut), stated, “only the 
rich could use the mountains, you need a vehicle 
and you need money to buy passes” (LC 4.24).

4.7.2 Challenges and drawbacks of 
mountain recreation

Important aspects of the history of tourism and 
recreation activities in Canada require more fo-
cused consideration, including the sometimes ex-
tractive history and characteristics of tourism and 
recreation in mountain regions across Canada, as 
well as the ways in which the benefits of tourism 
and recreation are often experienced in unequal 
ways. The mountain adventure economy has 
been described as prioritising the values of white, 
wealthy tourists with disproportionate bene-
fits being captured by corporations who market 
mountain lifestyles to Canadian and global mar-
kets. Other social groups, including Indigenous 
Peoples who have long histories and connections 
to mountain environments, have seen little eco-
nomic benefit and often experienced harm. This 
occurs when adventure activities conflict in time 
and place with Indigenous Peoples’ access or uses, 
or physically impact or degrade places of cultural 
value and importance. 

Importantly, the establishment of formal pro-
tected areas in Canada, such as National and 
Provincial Parks, for conservation and tourism 

purposes has led to the displacement and exclu-
sion of Indigenous Peoples from their homelands 
(Binnema & Niemi, 2006), contributing to cur-
rent and historical marginalization of Indigenous 
knowledges and ways of living. For example, 
with the “discovery” of the Cave and Basin Hot 
Springs by Canadian Pacific Railway surveyors, 
the Banff Springs Reserve was created in 1885, 
later extended to Lake Minnewanka in 1887, and 
further expanded in 1902, creating barriers for 
Indigenous Peoples to access traditional hunting 
grounds and restricting the right to hunt for sub-
sistence purposes (Binnema & Niemi, 2006). With 
the further establishment of National Parks for 
tourism and conservation purposes, such as Banff 
National Park, came further exclusion of Indige-
nous ways of knowing and interacting with the 
natural landscape, pushing Indigenous Peoples to 
reserves and away from their homelands in the 
mountains (Binnema & Niemi, 2006). 

More recent protected area developments have 
aimed to work in partnership with local Indige-
nous groups to ensure connection and culture 
is upheld. This was seen with the recent devel-
opment of Torngat Mountains National Park 
(Inuktitut: Tongait KakKasuangita SilakKijap-
vinga) located on the homelands of Inuit Peoples, 
which was developed in partnership with Inuit 
members of Nunatsiavut and Nunavik who have 
traditionally used the land for hunting and gath-
ering (Maher & Lemelin, 2011). While Torngat 
Mountains National Park is currently co-managed 
between Parks Canada and the Inuit communities 
of Nunatsiavut and Nunavik, it is important to 
recognize that Inuit members in Labrador were 
historically dispossessed and relocated from their 
traditional harvesting areas within the current 
park boundaries, and as such “the park should be 
viewed as a tremendous gift from the people of 
Nunatsiavut to Canada” (Maher & Lemelin, 2011).

Since the 1980s, there has been a growing effort 
towards healing the impacts of historic conserva-
tion efforts, with the need to reshape and develop 
new kinds of protected areas in ways that improve 
representation and equity of benefits for In-
digenous Peoples. Co-management agreements, 
ranging from advisory roles to shared gover-
nance and consensus-based decision-making 
have developed in some mountain regions such 
as those in the Yukon Territory. Although less 
common in southern regions such as Alberta and 

Goota Desmarais, Inuit, Kinngat,  
Nunavut, 2022, LC 4.24
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British Columbia, commitments of the federal 
government to meet global Aichi Targets (e.g., 
Target 1) for biodiversity conservation have cat-
alysed a movement towards Indigenous Protected 
and Conserved Areas (IPCAs) (Zurba et al., 2019). 
IPCAs are lands and waters where Indigenous gov-
ernments have the primary role in protecting and 
conserving ecosystems through Indigenous laws, 
governance and knowledge systems. Culture and 
language are the heart and soul of an IPCA. IPCAs 
vary in terms of their governance and manage-
ment objectives (Zurba et al., 2019).

The exclusion of Indigenous Peoples is not the 
only cost that tourism and recreation develop-
ment has on mountains in Canada. Recreation 
and tourism development and activity impacts 
both human (i.e., local communities) and non-hu-
man animal populations (i.e., flora and fauna) in 
mountain regions in Canada through disturbance 
and displacement (Gaudreau, 1990; Ladle et al., 
2019; St-Louis et al., 2013), which is further dis-
cussed in Chapter 5. Some key examples of this 
conflict exist in respect of recreational versus 
subsistence hunting and fishing (Binnema & 
Niemi, 2006; Colton, 2005; Mason et al., 2022), 
recreational vehicle use (e.g., off-roading, mud-
ding) (Kadykalo, 2022; Kershaw, 2008; Liddle, 
1997; Pigeon et al., 2016; Yarmoloy, 1986), as well 
as less extractive activities (e.g., trail riding), that 
by virtue of a human presence may indirectly 
and directly fragment wildlife habitats and create 
problems of human-wildlife conflict (Geng, 2021; 
Loosen et al., 2023; Thornton & Quinn, 2009). 

Participating in mountain-based tourism and 
recreation activities also involves people engaging 
with significant risk, which can be fatal given the 
circumstances of exposure to mountain hazards. 
For example, 1088 incidents and 1377 fatalities 
were reported in the Alpine Club of Canada’s 
search and rescue database from 1970–2005, with 
92% of incidents occurring in mountain regions 
in British Columbia and Alberta (Curran-Sills & 
Karahalios, 2015; Wild, 2008). This database shows 
that hiking and mountaineering result in more 
than half of all casualties that yield any type of 
morbidity, whereas mountaineering, skiing, ski 
mountaineering, or snowboarding account for 
almost two thirds of all fatalities (Curran-Sills & 
Karahalios, 2015). However, further research is 
needed to assess how mountain towns and com-
munities are dealing with the impact of these 

natural hazards. For example, with increased 
tourism, especially by visitors who are not par-
ticularly experienced with outdoor safety and 
travel, it is important to assess how to properly 
educate and conduct preventative intervention to 
avoid an increased number of search and rescue 
efforts, which can tax the funds and resources of 
small mountain communities. 

While there has been some research trying to 
capture the intricacies of tourism and recreation 
as gifts in mountain regions across Canada, there 
is a lack of geographic diversity in the literature. 
To date, much of the tourism literature, based on 
a review by McDowell and Hanly (2022), is spa-
tially concentrated in the Montane Cordillera 
and Pacific Maritime regions within Canada, with 
only a small body of literature published in other 
mountain regions. While there are still many re-
search gaps in the Montane Cordillera and Pacific 
Maritime regions, attention should also be fo-
cused on the other mountain regions to increase 
knowledge on the social, environmental, and eco-
nomic impacts of tourism and recreation, both 
positive and negative. Further, more attention 
should be given to examining how we can tran-
sition tourism and recreation economies away 
from extractive practices that commodify the gift 
of space and terrain towards reciprocal practices 
with the mountains and mountain communities. 

4.8 Gifts and Benefits of Forests, 
Materials, and Energy Sources

This section focuses specifically on the material 
benefits provided by mountains. This includes a 
summary of the different kinds of reciprocal re-
lationships of benefit and stewardship that exist 
between Indigenous Peoples and forests and 
energy resources. Forests, like water resources, 
can be exploited for commercial benefits, feed-
ing urban and global markets. As such, the idea 
of gifts and gifting, particularly in which people 
and mountains exist in a reciprocal relationship 
of care, is uncomfortably suited to a discussion 
of energy and materials (e.g., forests and min-
erals) extracted from mountain environments. 
Yet these materials are also part of ongoing re-
ciprocal relations and meanings for Indigenous 
Peoples, and offer more-than-material gifts to 
some non-Indigenous communities through 
traditions of sustainable use and harvest. The 
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practice of community forestry can be sustain-
able and not extractive, but this is not typical of 
Western economic systems, where the gifts and 
benefits tend to leave the community.

Recognizing the multiple ways in which these 
materials are used and managed, this chap-
ter posits that mountains provide for different 
peoples in ways that reflect different engage-
ments with mountains and different views of 
the environment in economic practices. In this 
subsection, then, the notion of gifts is compli-
cated by the observation that for many people 
mountains provide benefits in the form of com-
modities, energies, and employment. This section 
shows some of the benefits that emerge from 
mountain environments for many, though not all, 
people in Canada. In doing so, we recognize that 
talking about gifts and benefits is often a narrow 
distinction which depends on the perspective 
from which one views the topic in question. We 
thus call for further critical attention to how 
large-scale resource extraction is sometimes in-
congruent with the principles of cultural, social, 
ecological, and economic sustainability. 

4.8.1 Forests

Mountain forests are composed of trees and 
plants that grow in unique assemblages and 
physiological growth patterns, much different 
than those found at lower elevations. Mountain 
forests contain distinct ecological zones which 
present challenging conditions for the growth of 
trees, including harsh climates, strong winds, and 
unique and variable hydrological conditions (see 
also Chapter 2). In some areas within mountain 
forests, hardy trees show their ability to adapt on 
the edge of life itself. It is here, for example, that 
trees demonstrate the phenomenon of krumm-
holz, trees with stunted growth patterns shaped 
by the harsh conditions of persistent mountain 
winds and freezing temperatures. Due to their 
extent and composition, mountain forests can be 
significant centres of above-ground carbon stor-
age. For example, the mountain-focused analysis 
of Mitchell et al. (2021) reveals that the Pacific 
Maritime, Montane Cordillera, and Interior Hills 
Central regions all have above-ground carbon 
storage well in excess of the average above-
ground carbon storage of non-mountainous areas 

of Canada (5.5, 4.5, and 3.4 times the national av-
erage, respectively).

Forested landscapes at different altitudes are 
understood, used, and managed to maximise the 
diversity of benefits of those ecosystems; as de-
scribed by Turner et al. (2003), the diversity of 
forest resources which can be found at different 
altitudes is reflected in the social organisation of 
Indigenous Peoples. These ecological edges are 
described by Turner et al. as:

Ecological edges can be understood as 
places where one habitat type changes to 
another, which are at the same time zones 
of specialised habitat with unique biological 
species. They can also be realised tempo-
rally as periods of time where one stage 
gives way to another. Ecological edges, in 
other words, are both places in and of them-
selves, as well as markers for the transition 
from one type of ecosystem to another, or 
from one phase to another within a single 
ecosystem. Thus, mixed habitat patches 
and zones where different successional 
stages abut one another can be areas of 
unique ecological diversity and interchange. 
(Turner et al., 2003, p. 456)

The uses of these ecological edges are intertwined 
with cultural institutions such as spiritual cere-
mony. The seasonal sharing of these resources, 
for example, from different mountain forest habi-
tats in different ways, within and across different 
communities, is a fundamental dimension of the 
Coast Salish potlatch (Turner et al., 2003). 

Within mountain forests are trees with special 
qualities that have been prized for thousands of 
years, first by Indigenous Peoples and later by set-
tlers and within global economies (Fig. 4.12). Some 
notable examples in British Columbia include: 
yellow cedar (Chamaecyparis nootkatensis), prized 
for its tight grain and resistance to decay, making 
it an excellent material for building; whitebark 
pine (Pinus albicaulis), a tree that is struggling at 
the brink of extinction across its range that plays 
an important role in supporting birds and small 
mammals with its pinenuts, particularly Clark’s 
nutcracker (Nucifraga columbiana); subalpine fir 
(Abies lasiocarpa); and mountain hemlock (Tsuga 
mertensiana) (Laroque & Smith, 2005). In subalpine 
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forests, just below the alpine treeline, tree island 
regeneration occurs. Here, trees regenerate in 
‘island’ formations, with older trees providing 
cover from the snow and supporting early season 
snowmelt, helping to create the conditions neces-
sary for seedlings to persist and regenerate (Brett 
& Klinka, 1998). While the unique conditions of 
mountain forests make them fragile and slow to 
recover after disturbances (Brett & Klinka, 1998), 
these forests have long been cared for by Indige-
nous Peoples across Canada.

Traditional uses of trees by Indigenous Peo-
ples in mountains across Canada are numerous 
and diverse. In eastern Canada for example, the 
forests of the Gaspé and Laurentians have long 

supported the livelihoods of diverse peoples in-
cluding the Mi’kmaq. Mi’kmaq peoples use trees 
to construct the poles in order to fish. Black ash 
(Fraxinus nigra) is the type of tree that has been 
most commonly used, but is now also very scarce 
throughout Mi’kma’ki. “[An elder] leaves behind 
tobacco as an offering of respect to the Earth. The 
trees are then used to make spears in order to 
catch the fish” (Graham, 2015, p. 36). 

One of the most prominent trees honoured by 
Indigenous Peoples of western Canada is yellow 
cedar, which is known by many, including the 
Nuu-chah-nulth Nations (a collective name for 
the people “all-along-the-mountains” of the 
western coast of Vancouver Island), to be a Tree 

Figure 4.12: Forest on the Traditional Territory of the Lil’wat and Squamish Nations, near present-day Whistler, BC. 
Photo courtesy of Madison Stevens, 2018.
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of Life (Earnshaw, 2016). Due to its close grain 
patterns and resistance to rot and decay, yellow 
cedar is the preferred wood for crafting many 
items, including shelter, subsistence tools, cloth-
ing, ceremonial regalia, and art (Earnshaw, 2016). 
Yellow cedar wood is sought for carving by many 
Indigenous artists, and also valued for its bark 
and roots, which are used for many purposes in-
cluding crafting baskets and clothing as well as 
ropes and twines by various Indigenous Peoples. 
Yellow cedar is also important ceremonially, as 
for example, the boughs are dried and ground to 
make a smudge.

Yellow cedar is just one of the many trees 
valued for each part by Indigenous Peoples; and 
within traditional Indigenous healthcare systems 
each tree and plant has a purpose and a role in 
healthcare for human and non-human beings. 
Some trees in mountain areas, like Sitka spruce 
(Picea sitchensis) for example, provide buds with 
medicinal properties that are prepared as teas 
and decoctions used for both preventative and 
curative health and healing (Lílw̓at Nation, 2017). 
Other trees like Balsam fir (Abies balsamea) con-
tain medicinal pitch (sap), which is used as both 
an external and internal medicine amongst vari-
ous Indigenous Nations. Growing amongst alpine 
trees are numerous medicinal plants and fungi. 
For example, in Lil’wat Nation, more than 100 
species growing in mountains were noted by In-
digenous herbalists as having important medici-
nal qualities (Lílw̓at Nation, 2017).

Industrial forestry
As Indigenous lands in Canada began to swell with 
incoming colonists, many of whom supported the 
government’s violent land grabs starting from the 
18th century in the east, forest resources were one 
of the major drives for the expansion of colonial 
empires. Under Canada’s model of federalism, the 
constitutional division of powers dictates that 
the Provinces and Territories are responsible 
for regulations and permitting on forest lands. 
Licences and ownership to log across Canada 
have often been done with willful ignorance of 
Indigenous Peoples’ ownership of their lands, 
following the colonial doctrine of terra nullius 
(‘empty land’), which has significant implications 
in Canadian laws to this day (Borrows, 2015). The 
development of Canada’s forestry sector is closely 
entangled with the steady erosion of Indigenous 

Peoples’ rights within their territories, through 
instances such as the creation of ‘Indian Reserves’ 
under the Indian Act, the traumatic removal of In-
digenous children from their lands as part of the 
Residential School System and the Sixties Scoop, 
in parallel with the creation of logging rights to 
Indigenous territories (Smith & Bulkan, 2021).

Forestry regulations and property rights differ 
across provincial and territorial lines in Canada, 
with each province featuring distinct histories 
of how the logging industry came to be in its 
early days. For example, British Columbia’s forest 
tenure system dates back to the 1865 Land Or-
dinance Act, which was the first piece of legisla-
tion enabling companies to do logging on public 
lands without alienating the land from provincial 
ownership (the ‘Crown’) (FLNRORD, 2019). For-
estry companies operating in British Columbia 
and elsewhere where lands are publicly held, are 
granted legal rights to log in the form of conces-
sion licences. In British Columbia, these rights 
are granted in exchange for taxes in the form 
of stumpage (a complex and graduated fee) and 
‘royalties’ (ad valorem taxes), a system which has 
been in place since the 1884 Timber Act (FLNRORD, 
2019). Throughout the 1900s, logging in Canada 
became increasingly regulated, with logging con-
cessions that are either volume-based, providing 
companies with a fixed volume of timber to log 
from an area shared with other licensees, or ar-
ea-based, which is a more secure concession type 
wherein companies are given more responsibil-
ities in exchange for long-term rights to a fixed 
area of forest to log (Rajala, 1998).

As technologies for logging improved, the de-
velopment of oligopolistic forestry industries 
across Canada followed in lockstep the invest-
ments in capital-intensive mills during the 20th 
century. In British Columbia, Ben Parfitt (2005; 
2007; 2010) has documented the steady erosion 
of regulatory control in the forestry sector, docu-
menting how powerful lobbying and consolidated 
ownership by forestry companies led to the ero-
sion of monitoring compliance with forest laws 
and regulations. In other provinces, powerful 
companies like J.D. Irving Ltd. control a significant 
amount of the logging rights in New Brunswick 
(Mullally & MacDonald, 2017). In British Colum-
bia and elsewhere, natural resources sectors have 
experienced ongoing risk to legal tenures to re-
sources due to outstanding Aboriginal title, with 
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activities of the forestry industry being contested 
by Indigenous Peoples and local communities 
whose rights have been often disregarded by 
those in control of logging in their homelands 
(Brody, 1981; Hayter, 2004; Natcher, 2009; Paster-
nak, 2017). 

Various levels of government have largely failed 
to implement protection for Aboriginal rights, 
which include the rights to fishing, hunting, trap-
ping, and gathering, in a way that is satisfying 
for many Indigenous Peoples (Smith & Bulkan, 
2021). Moreover, Canada’s forest resource periph-
eries have become increasingly dependent on 
global markets for forest products (Hayter, 2004; 
Hayter & Barnes, 2012). British Columbia’s forest 
industry, for example, is heavily export-oriented, 
sending huge volumes of unprocessed timber for 
processing elsewhere. Exports from British Co-
lumbia forests increased in value from $36 billion 
CDN in 2014 to 47 billion in 2018 (Bautista, 2020). 
As such, global markets increasingly dictate the 
activities of local mills and logging (Hayter & 
Barnes, 2012). In complex and intersecting ways, 
then, commercial forestry, and acts of reforesta-
tion, reflect a capitalist reciprocity rather than a 
gift exchange. Extraction of forest products pro-
vides jobs and materials for sale—provisions from 
mountain environments—on which a forest econ-
omy supports communities. 

Community forestry
As the global climate crisis becomes more imme-
diate, a partial response to some of the challenges 
for conventional logging in Canada has emerged 
in the form of community forests. Community 
forestry is one way that forest-dependent com-
munities in the mountain areas of Canada are 
striving to have more of a say over the logging 
practices happening in their homelands. Commu-
nity forestry is one way to protect the gifts that 
montane forests provide as unique contributors 
to the wellbeing of networks of relations. Com-
munity forestry has emerged following a history 
of the Canadian forestry industry bringing fewer 
benefits for people that live near forests. The 
purpose of many community forestry initiatives 
across Canada is to restore and strengthen the re-
lationships that people have with the gifts of the 
forest, including protecting aspects of forests that 
have been disregarded and/or diminished by in-
dustrial forestry practices.

Community forestry across mountain areas 
takes on many different forms, due to the dif-
ferent governance regimes of forestry in each 
of Canada’s provinces and territories. However, 
the common thread of community forests is to 
create more benefits from forestry for local com-
munities. Benefits may include increasing the 
capture of monetary benefits by local communi-
ties, increasing participation in the stewardship 
of forests, or enhancing ecological stewardship. 
Within community forest arrangements, the 
gifts of forests may be enhanced through means 
such as: increasing the ability of Indigenous Peo-
ples to practise collective cultural stewardship; 
maintaining access to culturally important sites, 
places of spiritual importance and burial grounds; 
increasing the ability for community members to 
have a say about when are where logging hap-
pens; enhancing protection for forest foods, 
medicines, game, wildlife habitat and biodiver-
sity; maintaining access for recreation; protection 
for community watersheds and sources of drink-
ing water; and enhancing protective aspects of 
forests and mitigating the risk of forest fires and 
disease outbreaks. Community foresters select 
which objectives are the most important to them 
in the management of their forest, and pursue 
processes based on meeting these objectives. 
Community forestry stakeholders include both 
rights holders, who are Indigenous Peoples with 
longstanding ancestral connections with their 
territory, and stakeholders, who are people who 
may also have long standing connections with 
mountain forests but are not Indigenous and thus 
rarely have ancestral connections to place dating 
back more than a few generations (Bulkan et al., 
2022). Both Indigenous Peoples and local com-
munities have been engaging with community 
forests to protect their mountain forests, creating 
varied experiences and outcomes.

The creation of community forests involves 
legal aspects of forestry governance. The first con- 
sideration for community forest proponents is to 
determine who will be involved in the community 
forest, and where the community forest will be 
located. In Canada, 91.4% of the forests are held 
as public Crown Land, with ownership claimed 
by the provincial governments (Lawler & Bullock, 
2017). The provinces issue permissions for log-
ging in the form of area-based and volume-based 
concession licences, which vary from province 
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to province. Many of the forest licences across 
Canada have been held by large forestry com-
panies for decades, and so one challenge for 
community foresters is to find volumes of wood 
fibre that are available for including in their li-
cence areas (Gunter, 2022). Another challenge 
is to involve each of the affected rights holders 
and stakeholders, which is a task that requires 
working across a variety of forest values held by 
diverse individuals and groups (Doyle-Yamaguchi 
& Smith, 2022).

Community forests compete with large for-
estry companies that were consolidated during 
the 1900s, and thus face economic pressures to 
meet bottom line business objectives while also 
maintaining environmental and social objectives 
(Rajala, 2006). For many community forests, the 
only mills in proximity are owned by big forestry 
conglomerates (labelled the ‘Majors’), and thus 
the benefits of wood processing cannot be easily 
captured by the community forest licensees 

themselves (BCCFA, 2022; Smith & Bulkan, 2021). 
There are few economic incentives available for 
community forests to protect non-timber values, 
and protecting and enhancing the gifts of the 
forests often comes at an economic cost to com-
munity forest operators (Gunter, 2022; Smith & 
Bulkan, 2021). Moreover, because community for-
ests are unique to place and community, they risk 
falling into the ‘local trap’, where assumptions 
are made that local communities are best posi-
tioned to manage their local forests, when in fact 
they may not have the capacity or will to do so 
(Duinker & MacLellan, 2017).

Yet, community forests in mountain regions 
have demonstrated success in redistributing the 
benefits from forestry to local communities. For 
example, in 2019, $16 million was redistributed 
from respondents to a British Columbia commu-
nity forest survey to local community groups, 
supporting initiatives such as community in-
frastructure, youth groups, or reinvestment of 

COMMUNIT Y FORESTS ON UNCEDED TERRITORY:  
LIL’WAT NATION’S SPE’LKÚMTN COMMUNIT Y FOREST IN BRITISH COLUMBIA

In British Columbia (Pacific Maritime region), most 
Indigenous Peoples deny the provincial government 
claims on their territories, saying that their rights have 
never been ceded through treaty. Across other parts of 
Canada, historical treaties exist and, yet, the fulfilment 
of treaty obligations by Canadian and provincial gov-
ernments remains an ongoing concern and challenge 
(Asch 2014). In many places, various levels of gov-
ernment deny the legal claims of Indigenous Peoples 
to their territories, which has led to a series of court 
cases in the Supreme Courts of Canada and Provinces 
that have clarified who has a responsibility to uphold 
Aboriginal title rights in decisions made about Indige-
nous Peoples’ territories, including decisions about the 
issuing of tenures and logging (Gunter, 2022). While 
the progression of Indigenous Peoples’ rights proceeds 
slowly within the court system, some Indigenous Na-
tions have chosen to participate in the forestry sector 
as community forest licence holders to seek immediate 
involvement in how forests are being stewarded (Smith 
& Bulkan, 2021). 

Indigenous Peoples have been closely involved with 
the creation of community forests in British Columbia 
in particular, where they have long been excluded 

from involvement in and benefits from the forestry 
sector on their territories. Approximately half of the 
community forest arrangements in the province in-
volve a partnership between Indigenous Peoples and 
local communities who co-inhabit areas and work 
together to meet shared goals (BCCFA, 2022). One 
such example is the Spe’lkúmtn Community For-
est in Lil’wat Nation Territory, Pemberton, BC, which 
is a partnership between the Lil’wat Nation and the 
Municipality of Pemberton. Through co-managing 
forests around the local villages, the newly created 
Spe’lkúmtn Community Forest will practise forest fire 
mitigation through thinning forest stands, protect the 
botanical resources of Lil’wat Nation, including food 
and medicinal plants and fungi, and cultural trails and 
sites alongside recreational values for multiple forest 
users. Though the community forest managers must 
ensure the long-term economic profitability of the as-
sociation to continue to exist through time, they are 
also focusing on enhancing non-market values from 
the forest to bolster their social licence to operate and 
support amongst Lilwat7u’l (Lil’wat Nation members) 
and non-Indigenous locals.
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profits back into the forest via ecosystem res-
toration (Gunter, 2022). In British Columbia, 
community forests are also found to produce 76% 
more jobs per cubic metre of wood cut than in-
dustry average, be more proactive in mitigating 
climate change and wildfire risk, and facilitate 
partnerships between Indigenous and non-Indig-
enous communities (BCCFA, 2022). While British 
Columbia is a national leader in community for-
estry, other provinces including Quebec, Nova 
Scotia, and New Brunswick have also demon-
strated interest in establishing community forest 
programs (Bouthillier et al., 2022; Duinker & Mac-
Lellan, 2017; Fortier et al., 2013).

While community forests mature beyond the 
early phase of development, there is a need to 
assess common experiences across ecological 
zones, and to consider, for example, how mon-
tane regions across Canada may feature similar or 
diverse experiences based on their unique con-
ditions. To date, there is no research comparing 
experiences of community forests in mountain 
regions of Canada.

4.8.2 Minerals and hydrocarbons

Beneath the forest roots holding mountain slopes 
in place, the very bedrock of the mountains has 
provided important material and spiritual contri-
butions to First Nations, Métis, and Inuit Peoples 
since time immemorial, from caves that serve as 
sacred sites, to carving stones, to the rocks used 
for making tools. Even placenames can reflect the 
rocks and minerals which make up the mountains. 
Learning Circle participant Sophie Pheasant, An-
ishinaabe, offered a story about the name of an 
Anishinaabe community in the La Cloche moun-
tain range called Wawaskinaga (Birch Island), 
in reference to the mountain range that shines 
in the sunlight because of the quartz faces of its 
peaks (LC 4.25). Similarly, Elder Pnnal Bernard 
Jerome, Micmacs of Gesgapegiag, shared a story 
about a place called Pipestone Mountain, where 
the gathering of stone for making pipes (known 
as catlinite in Western science) is a sacred process 
carefully stewarded by Micmac Elders with the 
knowledge and permission to pass on these pro-
tocols for respectful use (LC 4.26).

Within the context of industrial economies, 
people also derive from mountain places econom-
ically significant natural industrial (non-metallic) 

and metallic mineral and rock resources, and hy-
drocarbon-based (fossil fuel) energy resources. 
Excluding fossil fuels, the entire Canadian mining 
industry produced goods valued at approximately 
$47 Billion in 2021 (Natural Resources Canada 
(NRC); Prospectors & Developers Association of 
Canada (PDAC)), of which >30% was attributable 
to mines located within the Cordilleran moun-
tain regions alone. Here we review these natural 
‘gifts’, covering only the most economically sig-
nificant, and describe the links between deposit 
types and the geological processes responsible for 
the development of mountain regions in Canada. 
We follow with a brief look at energy and mineral 
deposits which may gain economic significance in 
the near future. 

We also consider how the extraction of these 
gifts can impact other values and meanings em-
bodied in the landscape. Sophie Pheasant’s story 
of Wawaskinaga (above) illustrates this well: one 
of the quartz peaks which gave the community 
its name no longer exists because of the mining 
activities undertaken to extract the rock and 
minerals of the mountain top, which fundamen-
tally affects the community’s identity and sense 
of place. In her own home on Manitoulin Island, 
the industrial extraction of limestone also shows 
the risks of extracting resources which are funda-
mentally non-renewable, “it’s not something we 
can grow back,” and the tradeoffs between using 
these resources and being able to receive and 
benefit from other gifts of the mountains, such as 
habitat for caribou and other wildlife. 

Sophie Pheasant, 
Anishinaabe,  
2022, LC 4.25

Pnnal Bernard Jerome, 
Micmacs of Gesgapegiag,  

2022, LC 4.26
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4.8.3 Sedimentary deposits and quarries

Industrial mineral resources include minerals 
that are not sources of metals, fuel, or gemstones. 
They include chemical and biogenic sedimen-
tary rocks, evaporites, terrigenous clastic rocks 
including various clays, and a number of other el-
ements and rocks. Sand and gravel constitute the 
most common industrial materials mined from 
our mountainous regions. Although most widely 
used in construction, and specifically in concrete 
production, sand and gravel uses are almost in-
finite and include drainage, road beds, filtration 
systems, glass and fibreglass, and hydraulic 
fracking in oil and gas production. Much of our 
sand and gravel are products of glacial processes. 
Because of their topographic relief and high el-
evation, glaciers and glaciation-related sand and 
gravel deposits are particularly common in the 
high-elevation mountainous regions of Canada. 
Canadian sand and gravel production is worth 
$2.3 billion dollars annually, of which more than a 
third is sourced from mountains in Canada.

Another required component of cement and 
concrete is limestone. During the Paleozoic, 300 to 
540 Ma, North America lay far to the south within 
the tropics (Irving, 1977) and was commonly cov-
ered by shallow tropical seas characterised by 
coral reefs and lime mud deposits that lithified 
into and are now preserved as thick limestone and 
dolomite sequences. Mountain building processes 
resulted in the exhumation and exposure of these 
sequences within the Cordilleran mountain re-
gions of western Canada and the southeastern 
half of the Atlantic Maritime and Boreal Shield 
mountain region (i.e. Appalachians) where they 
are now mined for the manufacturing of cement, 
but also for building stone, aggregate, soil condi-
tioning, and the neutralisation of chemical and 
industrial waste. 

Numerous other industrial minerals are either 
exposed within mountain regions or are at-
tributable to the processes responsible for the 
development of the mountains. Examples include 
Bentonite and other ‘swelling’ clays which origi-
nate as volcanic ash erupted from volcanoes that 
were present during the formation of the Cordil-
leran mountain regions of western Canada and 
the southeastern half of the Atlantic Maritime 
and Boreal Shield region; and Evaporites (Gypsum 
and salt) that crystallised out of the shallow and 

occasionally ephemeral tropical seas that used to 
cover the continent and which were subsequently 
deformed and exposed for mining during orog-
eny. Certain volcanic rocks have also been valued 
for their importance as materials for sweat lodges 
since time immemorial, as Elder Pnnal Bernard 
Jerome (Micmacs of Gesgapegiag) explains. These 
perforated lava rocks are considered sacred in 
Micmac culture, because they come from the 
belly of Mother Earth, and release that spirit to 
the People in the process of conducting a sweat 
lodge (LC 4.27). 

The geological processes responsible for the 
formation of mountains give rise to several types 
of carving stones that have long been valued by 
Indigenous Peoples. Rocks that are easy to carve, 
durable, and heat resistant are invaluable for use 
in cooking, heating, and for use as lamps. Such 
carving stones have also long been used in carv-
ings as a means of recording and passing along 
Indigenous knowledges, particularly among the 
Inuit (Beauregard et al., 2012; Rathwell & Armit-
age, 2016). The most common carving stones 
are serpentinite and soapstone (talc schist) that 
most formed through the metamorphism of ul-
tramafic rocks (peridotite) and, more rarely, 
dolomite. Most elaborate carvings are restricted 
to soapstone (>80% talc). Small carving stone 
quarries are found throughout the Arctic Cor-
dillera with notable, high-quality carving stone 
quarries in Markham Bay (southern Baffin Island) 
and Qikiqtarjuaq (east coast southern Baffin). 
Industrial soapstone and serpentinite quarries 
are present in the Appalachian mountains of 
Quebec. Haida argillite is a black carving stone 
unique to the west coast and to the Haida Nation. 
Quarried on Haida Gwaii, it consists of weakly 
metamorphosed dark grey to black shale and is 
attributable to the tectonic process that gave rise 
to the Cordilleran mountain systems. Like soap-
stone and serpentinite, Haida argillite carvings 

Pnnal Bernard Jerome, Micmacs  
of Gesgapegiag, 2022, LC 4.27
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record cultural knowledge as well as being used 
to depict family crests (Barbeau, 1957). 

Stones like chert have also provided important 
material contributions to First Nations, Métis, 
and Inuit Peoples for use in making tools and as 
trade items. Learning Circle participant Megan 
Dicker, Inuit, Nunatsiavut, explained that the 
Torngat mountains of Northern Labrador are the 
source of Ramah Chert, a stone highly valued by 
flintknappers which was used locally to make ar-
rowheads and other implements and also traded 
around the world as an important component of 
both ancient and modern economies (LC 4.28).

4.8.4 Metallic mineral deposits

Metallic minerals (those that contain and can be 
processed to provide one or more metals, exclud-
ing the iron-containing metals and alloys), are 
common within mountain regions in Canada and 
include both base metals—Copper (Cu), Lead (Pb), 
Tin-Tungsten (Sn-W), and Zinc (Zn)—and precious 
metals—Gold (Au) and Silver (Ag). Metalliferous 
deposits characterise: continental margins, form-
ing during rifting and ocean formation; oceanic 
crust, most commonly forming adjacent to the 
spreading ridges along which oceanic lithosphere 
is formed; volcanic arcs, where they result from 
the interaction of igneous intrusions and ex-
plosive volcanoes with groundwater; and active 
collisional orogens, where they are products of 
crustal metamorphism and deformation.

Both the Cordilleran mountain regions of west-
ern Canada and the Atlantic Maritime and Boreal 
Shield region orogens developed on pre-exist-
ing rifted continental margins, characterised by 
rift and passive margin-related Sedimentary Ex-
halitive (SedEx) mineral deposits (Goodfellow & 
Lyndon, 2007). Examples of these large volume, 

sedimentary-hosted, Pb-Zn-Ag deposits include 
the 1.4 Ga Sullivan deposit of southeastern British 
Columbia, the Paleozoic Faro deposit of Yukon, 
and Mississippian-age ‘Windsor’ deposits in Nova 
Scotia. 

Slivers of oceanic lithosphere are commonly 
trapped and preserved within orogenic belts 
during ocean closure. The most common oce-
anic mineral deposits found within these oceanic 
slivers are volcanogenic massive sulphide (VMS) 
deposits. We now recognize that such Cu, Zn, 
(minor Pb), Ag, and Au-rich VMS deposits, which 
originate at oceanic spreading ridges as ‘Black 
Smokers’, are present along the length of the Cor-
dilleran mountain regions of western Canada and 
the Atlantic Maritime and Boreal Shield region 
orogens, but the Bathurst deposit of New Bruns-
wick (van Staal et al., 2003) is by far the largest 
and most economically important such deposit. 

The most economically important ‘volcanic 
arc deposits’ are the large volume, low-grade 
‘Porphyry’ deposits that are spatially and genet-
ically associated with granitoid intrusions. These 
Cu (minor Mo, Au, Ag, Sn-W) deposits character-
ise the Cordilleran mountain regions of western 
Canada and the Atlantic Maritime and Boreal 
Shield region orogens, but they are particularly 
well-developed in central British Columbia (Mc-
Millan et al., 1995). Only 20% of known Canadian 
deposits have been mined, in part because of the 
socio-economic and environmental costs associ-
ated with such deposits: they require large, open-
pit mines and result in significant piles of acidic 
tailings that require long-term management.

Lode gold deposits occur in both volcanic arcs 
and collisional orogens. Deposits include orogenic 
shear zone and fault-hosted, intrusion-related 
and epithermal volcano-hosted deposits (Nelson 
& Colpron, 2007). 80% of Canada’s gold production 
comes from the Canadian Shield, but important 
deposits characterise both the Atlantic Maritime 
and Boreal Shield orogen and Cordilleran moun-
tain regions of western Canada. Epithermal de-
posits are largely restricted to the younger and 
less deeply eroded western Cordilleran mountain 
regions. Given the history of exploitation during 
the gold rush era, and its connection to settlement 
and dispossession of Indigenous Peoples, depos-
its of gold and other valuable minerals known to 
Indigenous communities may be closely guarded 

Megan Dicker, Inuit, Nunatsiavut, 2022, LC 4.28
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secrets. Daniel Sims, Tsay Keh Dene First Nation, 
shared (without disclosing detail or locations) 
that his community holds knowledge of such de-
posits within the mountains of their Traditional 
Territory, and maintains unspoken agreements 
to prevent this knowledge from ending up in the 
hands of entities who might seek to extract profit. 
In this tradition, the offering expected for ex-
tracting gold is not tobacco (commonly offered to 
reciprocate gifts of harvest), but blood (LC 4.29).

4.8.5 Fossil fuels deposits

Energy (fossil fuel) deposits, including oil, natural 
gas, and sedimentary coal deposits, are commonly 
found in mountain regions and originate from the 
same geological processes responsible for moun-
tain formation. More than 80% of Canadian coal is 
associated with the Cordilleran mountain regions 
of western Canada and the southeastern por-
tion of the Atlantic Maritime and Boreal Shield 
mountain region. Thickening of the crust during 
collisional orogenesis results in the development 
of fringing ‘foreland’ basins. Slow subsidence of 
these swampy basins provides an ideal setting 
for the burial, preservation, and thermal mat-
uration of organic material, giving rise to thick 
and continuous coal seams. Numerous mountain 
communities in western Canada had their origins 
in coal mining, including Canmore, Grand Cache, 
Beaver Mines, many communities in the East Koo-
tenays of British Columbia, and the ghost town of 
Bankhead, outside of Banff. 

Coal deposits along the margins of orogenic 
belts are typically less thermally mature and are 
mined primarily for electricity production, ac-
counting for 47% of Canada’s coal production. 
Coal deposits located closer to the interior of 
an orogen are typically more thermally mature 

‘metallurgical’ coal used in the production of steel 
and account for 53% of production. Thermal coal 
used in Canadian energy production decreased 
~50% between 2008 and 2018 and is to be phased 
out entirely by 2030. 95% of Canada’s metallurgi-
cal coal is exported. 

The burial, heating, and thermal maturation of 
organic-rich marine shales during ocean closure 
and collisional orogenesis liberates liquid and 
gaseous hydrocarbons. The elevated topography 
of mountainous orogens results in a hydrostatic 
head that promotes fluid flow, entraining hydro-
carbons and driving them out toward the fringing 
foreland basins where they collect in structural 
and stratigraphic traps. Hence, the large amounts 
of oil and natural gas found in northern Alberta 
and northeastern BC are direct products of the 
growth of the Cordilleran orogen, including 
the enormous oil sand deposits of northeastern 
Alberta.

4.8.6 Renewable energy

There are also established and emerging re-
newable energy development opportunities in 
mountain regions in Canada; gifts of hydropower, 
wind, solar, and geothermal energy as well as 
other renewables (e.g. wood pellets) (Jessop et 
al., 1991; Majorowicz & Grasby, 2021). Renewables 
have been highlighted as essential alternatives to 
fossil fuels and represent an opportunity for com-
munities, particularly those in western Canada, to 
reduce their carbon footprint. 

Hydroelectric power has long been associated 
with mountain areas in Canada, and remains the 
most significant source of renewable energy pro-
vided by mountains. This gift is particularly im-
portant in the provinces of British Columbia and 
Quebec, where hydroelectricity is the dominant 
source of energy in the electricity grids. Alberta 
also generates significant hydroelectricity, but it 
makes up less than 10% of the provincial electric-
ity supply. However hydropower developments 
are associated with habitat destruction (Bar-
barossa et al., 2020; Reid et al., 2019) and the al-
teration or loss of mountain homelands (Randell, 
2022). Emissions of methane, a potent greenhouse 
gas, can also result from the decomposition of or-
ganic materials retained in reservoirs (Deemer et 
al., 2016; St. Louis et al., 2000). The distribution 

Daniel Sims, Tsay Keh Dene First Nation, 2022, LC 4.29
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of existing hydropower infrastructure across 
Canada can be examined using the Canadian Hy-
dropower Interactive Map.

Wind energy is also produced in the vicinity 
of mountainous areas in Canada, particularly in 
areas that funnel prevailing or katabatic winds. 
At present, the most significant mountain-related 
wind development is found along the southeast-
ern edge of the Montane Cordillera region, east 
of Crowsnest Pass, see the Canadian Wind Tur-
bine Interactive Map. Solar potential in mountain 
areas is thought to be less important than adja-
cent lowlands, and accordingly mountain areas 
in Canada currently see little in the way of large-
scale solar installations. Likewise, while mountain 
geology can produce geothermal hotspots (e.g., 
Sulphur Mountain in Banff National Park), the 
production of geothermal energy in mountain 
areas is currently limited due to the distributed 
nature of the resource and difficulties associated 
with extraction (B. Hayes, personal communica-
tion, 24 October 2022). 

Notwithstanding extensive hydroelectricity 
generation, the relatively paucity of clean energy 
projects in mountain areas could change signifi-
cantly in the years ahead, as the clean energy 
transition unfolds (Canadian Energy Regulator, 
2021). Communities such as Squamish, BC, are il-
lustrative of the kinds of clean energy trends that 
could be seen in other mountain communities 
in the years ahead, including a growing focus on 
clean energy generation as well as the scaling of 
carbon capture and storage and other mitigation 
technologies. 

Renewables are essential for addressing the 
climate crisis and are largely supported by the 
public in Canada (Donald et al., 2022). However, 
some communities and landowners continue to 
have reservations about clean energy develop-
ment, with aesthetic concerns, political views, 
and employment in the non-renewable energy 
sector influencing opposition (Sherren et al., 
2019). As well, biodiversity conservation advo-
cates and Indigenous Peoples have in some cases 
protested the development of hydroelectric dams, 
due to their proximate impacts on the wellbeing 
of mountain communities and ecosystems and 
the flooding of traditional lands (Bakker & Hen-
driks 2019). Such tensions and tradeoffs warrant 
further research in mountains in Canada.

4.9 Conclusions

This chapter offers examples of the gifts and ben-
efits provided by mountains to individual and 
community users. The examples in this chapter 
remind us that we know a great deal about the 
health benefits that come from spending time in 
the mountains. For Indigenous Peoples, the ongo-
ing connections to Lands and the food, medicines, 
and waters are numerous, profound, and complex. 
We also understand that people who recreate in 
the mountains gain health benefits from doing 
so. We know much about different approaches to 
teaching in the mountains. Some teachings and 
pedagogical practices are embedded in the prin-
ciples of land-based education; other approaches, 
including field schools, encourage the study of 
the sciences and the arts situated in place. We 
also have a good understanding of the ways in 
which colonial practices have alienated Indige-
nous Peoples from their Lands. There is, likewise, 
a direct relationship between the colonial prac-
tices of alienation from Lands and the extractive 
processes that are used to derive commercial ben-
efits from the energy and material resources of 
the mountains. 

Mountain environments also contain features 
that help in ecosystem restoration. Some of these 
features, like wetlands and forests, help all of us 
by storing carbon and slowing climate change. 
Other features help mountain environments 
overcome the damage created by human activi-
ties. These are the natural regenerative actions 
that come with the passage of time. 

In this chapter, we also looked at both the re-
generative power of mountain environments and 
their resilience in the face of the rapid pace of 
human action. We observed further that moun-
tains offer the gift of sanctuary for many Indige-
nous Peoples. In the Sahtú region of present-day 
Northwest Territories (Taiga Cordillera region), 
for example, Saoyú-Ɂehdacho has long been con-
sidered a place of refuge with material as well as 
spiritual value. It was designated a national his-
toric site of Canada in 1997. “Its cultural values, 
expressed through the interrelationship between 
the landscape, oral histories, graves and cultural 
resources, such as trails and cabins, help to ex-
plain and contribute to an understanding of the 
origin, spiritual values, lifestyle, and land-use 
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of the Sahtu Dene” (Parks Canada, 2019). Megan 
Dicker, Inuit, Nunatsiavut, shared a story during 
the CMA Learning Circle about the role of moun-
tains as places of sanctuary, providing protection 
and safe harbour (LC 4.30).

This chapter has also raised important ques-
tions of equity, reciprocity, and sustainability. 
As illustrated, the ways in which people manage 
and value the gifts of the mountains differ con-
siderably, from forms of engagement grounded in 
reciprocity and sustainable use to highly unsus-
tainable levels of extraction for short-term gain. 
Certainly, then, their use can engender tensions 
and tradeoffs among different values, systems, 
and groups. For example, access to mountain 
spaces for snowmobiling may exclude Indige-
nous hunters, while the sacredness of a mountain 

meadow may discourage or prevent ski touring. In 
thinking about gifts, it is therefore critical to con-
sider circumstances where the benefits accrued 
by one group result in costs or the exclusion of 
others. Such considerations are also important 
when thinking about the distributional effects of 
increasing pressures on mountains, the focus of 
the next chapter. 

Despite what we have learned through this 
chapter, there are notable gaps in our assessment 
efforts (Table 4.2). More work is needed to clar-
ify what is known about these and other topics 
relevant to our understanding of gifts of the 
mountains.

We conclude this chapter where it began—by 
calling attention to the importance of reciprocal 
relations with mountainous places. Ultimately, 
as summarised by Learning Circle participant 
Megan Dicker, Inuit, Nunatsiavut, if you take care 
of the mountains, they will do the same for you 
(LC 4.31). 

Glossary

Benefit: A benefit is understood as something given or 
provided by a mountain environment where the re-
ceiver is not necessarily obligated to return the gift. In 
other words, a benefit is received or taken for the use 
or advantage of the person who receives it. A benefit 
might be the wood extracted from a forest by logging 
or the ore miners dig out of a mine. In this chapter, the 
idea of gifts is complemented by the idea of benefits.

Community forestry: The term community forestry 
refers to a model of forest management in which 
decisions about a given forest area are led and imple-
mented by local communities, at local scales. While 

approaches vary among communities, typically, com-
munity forests are managed to support a range of 
benefits, including but not limited to the provision of 
timber and non-timber forest products, including: me-
dicinal plants; recreational, spiritual, and/or aesthetic 
values; and protection of habitat for wildlife. 

Gift: A gift is understood as something given or provided 
within a reciprocal relationship. A gift might be food 
in the form of a hunted animal, received in exchange 
for respect shown to the animal and the place in which 
it is harvested. In this chapter, the idea of benefits is 
complemented by the idea of gifts.

Table 4.2: Examples of topics not thoroughly assessed in 
this chapter

Renewable Energy, including geothermal energy

Last chance tourism and the intersections of environmental 
change and recreation

Equity issues with recreation in mountain spaces, including 
access issues

Gifts of mountain freshwater ecosystems

Parks and protected areas

Megan Dicker, Inuit, Nunatsiavut,  
2022, LC 4.30 and 4.31
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Hydrosocial: Hydrosocial relationships refer to the com-
plex relationships between humans and water that 
go beyond understanding water as simply a material 
substance or H₂O. The hydrosocial cycle emphasises 
water’s different physical forms and cultural meanings 
and the processes through which water and society 
are co-produced. Linton and Budds describe the hy-
drosocial cycle, as “the process by which alterations or 
manipulation of water flows and quality affect social 
relations and structure, which, in turn, affect further 
alteration of water” (Linton & Budds, 2014, p. 175).

Non-timber forest products (NTFP): Non-timber for-
est products (NTFPs) are the diverse biological goods 

beyond timber which derive from forest ecosystems. 
These include medicinal plants and wild foods (plant, 
animal, and fungi); grasses, shrubs, barks, and other 
fibres used for building and materials; and more. NTFPs 
may be cultivated directly by humans (e.g., maple plan-
tations), harvested in wild forest ecosystems without 
deliberate intervention, or stewarded and encouraged 
by practices such as cultural burning that support 
healthy populations of valued species.

Water Governance: Water governance is the set of regu-
latory processes, mechanisms, and institutions through  
which political actors influence environmental deci-
sions, actions, and outcomes (Bakker, 2003). 
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5.1 Introduction

Mountains in Canada are subject to an array of 
direct and indirect pressures from human activity 
and environmental change. The Intergovernmen-
tal Panel on Biodiversity and Ecosystem Services 
(IPBES) biodiversity assessment discusses these 
pressures as ‘drivers of change’, and these driv-
ers are broadly relevant to mountain systems 
and peoples (Díaz et al., 2019). Pressures such as 
climate change, land-use development, and the 
increasing demand for tourism and recreation 
are tied to the “great acceleration” of increasing 
human population and activity since 1950 (Stef-
fen et al., 2015). Each pressure drives biophysical, 
socio-political, cultural, and ecological responses, 
with effects that vary from region to region, and 
which may be experienced far beyond mountain 
areas. These primary pressures are ultimately all 
driven by human activity, but they interact with 
natural systems to create secondary pressures 
such as changes in hydrology or ecology that can 
compromise the quality of life in mountain envi-
ronments (e.g., impacts on water quality, health, 

or food security), representing existential threats 
to the sustainability of the mountain environ-
ments, livelihoods, and gifts of the mountains 
discussed in Chapters 2 to 4 of this book.

Many pressures, such as land management and 
governance practices, represent long-standing 
drivers of change, especially for Indigenous com-
munities. Obvious examples include resource de-
velopment (e.g., mining, forestry), establishment 
of infrastructure (e.g., roads, railways, pipelines, 
towns, ski areas), and land claims (e.g., the estab-
lishment of National Parks, which changed access 
to and ‘ownership’ of the mountains). Biocul-
tural relationships, socio-ecological values, and 
socio-economic and political privilege/margin-
alisation underpin differentiated experiences of 
these drivers and their associated effects.

Pressures are often interactive and compound-
ing, which can lead to cascading socio-ecological 
effects, including impacts on community health 
and wellbeing. Anthropogenic and climatic pres-
sures on mountain landscapes can interact with 
each other in a complex manner, including in cu-
mulative, synergistic, or additive ways; they also 
vary in their spatial and temporal scales, making 
understanding of how they interact essential for 
adaptation planning. Mitigating further anthro-
pogenic disturbance requires identifying the 
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patterns of change in these environmental and 
social pressures and their cumulative effects, 
and forecasting their impacts into the future 
(Hirsh-Pearson, 2022).

This chapter focuses on historical and future 
changes in mountains in Canada from 1950 to 
2100, including the anthropogenic drivers of 
these changes, current and emerging impacts and 
vulnerabilities, as well as responses to attendant 
challenges (and opportunities) in mountain sys-
tems. Historical changes and future projections 
for drivers of change are discussed in Sec. 5.2 to 
5.6. Sec. 5.7 to 5.11 assess the effects of these pres-
sures on physical, ecological, and socio-cultural 
systems, including consideration of the vulner-
ability, resilience, and adaptation within these 
systems. 

5.2 Climate Change: Historical Trends 
and Future Projections 

Mountain systems are sensitive to the cumulative 
effects of climate change. Contemporary climate 
change includes both natural forcing and anthro-
pogenic components, and these can be difficult to 
separate. Cooler temperatures during the main 
phase of the Little Ice Age from the 17th to 19th 
centuries have been attributed to solar variability 
and the cooling effects of frequent volcanic ac-
tivity (Brönnimann et al., 2019). Natural climate 
forcings such as volcanic events and sunspot 
cycles are associated with interannual to decadal 
variability, with fluctuations in radiative balance 

that can impact biophysical and socio-cultural 
systems but which often ‘balance out’ over multi-
decadal timescales. Other natural forcings, such 
as variations in the Earth’s orbit around the Sun, 
act on millennial timescales and influence the 
Quaternary and Holocene evolution of climate, 
glaciation, and ecosystems, but with negligible 
changes over the timescale of focus here, 1950 
to 2100. 

Natural processes continue to influence the cli-
mate, and the cooling effects of volcanic events 
are well-known in oral histories. As Elder Gùdia 
Mary Jane Johnson, Lhu’ààn Mân Ku Dań shared, 
the Kluane hold stories of the time when the 
volcano erupted and the ash spread across the 
Yukon, the time when there were two winters and 
no summer (LC 5.1).

Most aspects of natural, built, and socio-cul-
tural environments are vulnerable to climate 
change, but glaciers provide an intuitive and visi-
ble indicator that naturally integrates short-term 
fluctuations (‘weather’) to provide a clear signal 
of the cumulative impacts of climate change. 
The Little Ice Age was characterised by wide-
spread glacier advance, with cool summers in the 
Little Ice Age also affecting harvests and growing 
conditions across much of the world. The onset 
of glacier retreat coming out of the Little Ice 
Age was largely associated with natural climate 
forcing, but accelerated and intensified glacier 
retreat since the 1970s is almost entirely due to 
anthropogenic climate forcing from the buildup 
of carbon dioxide and methane in the atmo-
sphere (Marzeion et al., 2014). The accumulation 
of these greenhouse gases represents a direct and 
steadily increasing warming influence that is also 
affecting the hydrological cycle and circulation 
patterns in the ocean and atmosphere. The IPCC 
(2021) notes that there has been no significant 
solar variation over the period 1950 to present, 
and that anthropogenic forcing from greenhouse 
gases is now much stronger than natural forcing 
of the climate system.

The pressures of climate change on cryospheric, 
hydrological, and ecological systems, food se-
curity, wildfire, extreme weather, mountain 
hazards, built infrastructure, mountain recre-
ation, and ways of life produce cascading impacts 
in mountain regions. As Brandy Mayes, Kwanlin 
Dün First Nation, explained, increased heat and 

Gùdia Mary Jane 
Johnson, Lhu’ààn Mân 

Ku Dań, 2022, LC 5.1

Brandy Mayes, 
Kwanlin Dün First 
Nation, 2022, LC 5.2
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precipitation due to climate change affects the 
salmon, which feed the land, the bears, the trees, 
and which are felt in the salmon camps (LC 5.2). 

Weather patterns and climate normals—the av-
erage weather over 30 years or more—are changing 
across Canada and the world, but mountain en-
vironments are sensitive to a range of particular 
climate change processes and considerations, as 
discussed in Chapter 2. This includes basic ques-
tions of whether warming varies with elevation, 
as well as questions of how climate change is im-
pacting physical features (e.g., glaciers, hazards), 
ecological niches, and socio-cultural activities 
that are specific to high elevations. The follow-
ing sections assess historical trends and future 
climate change projections specific to major 
mountain regions in Canada.

5.2.1 Historical temperature trends

Numerous research studies provide multi-year 
meteorological records from high-elevation and 
alpine sites in mountain regions in Canada (e.g., 
Marshall, 2014; Pradhananga et al., 2020; Rasouli et 
al., 2019). At some sites these records extend long 
enough to estimate a climate normal, but they do 
not have the duration, continuity, or homogene-
ity to support detection and analysis of climate 
change trends. Where multi-decadal records from 
mountain regions are available, they typically 
correspond to low elevations (e.g., valley-bottom 
or coastal sites), such as in the analysis of Whit-
field (2014) in the Kananaskis Valley (ca. 1400 m). 

Data from alpine environments or higher ele-
vations, above about 1600 m, are mostly collected 
through short-term research studies or may be 
available as seasonal records (e.g., from Parks 
warden stations, ski areas, or fire lookouts). Such 
observations are also concentrated in populated 
areas. Given the limited extent of multi-decadal 
station data, it is difficult to assess climate change 
trends in mountain regions in Canada or their 
variation with elevation. Hindcasts from nu-
merical weather prediction models, known as 
climate reanalyses, offer insight into regional- to 
national-scale climate patterns and their histor-
ical variability. Climate reanalyses use available 
observational constraints to drive numerical 
weather models in ‘retrospective’ mode, essen-
tially using the atmospheric physics and coupled 

surface-atmospheric processes embedded within 
the model, constrained by available data, to pro-
vide a detailed reconstruction of past climate. 

Historical climate trends in mountain regions 
in Canada are assessed based on the ERA5 cli-
mate reanalysis for the period 1950–2020. This 
climate reanalysis, from the European Centre for 
Medium-Range Weather Forecasting (ECMWF), 
provides hourly climate reconstructions from 
1950 to present, with a longitude-latitude reso-
lution of 0.25°C (Hersbach et al., 2020). Because 
this has complete spatial and temporal coverage, 
it is valuable for assessing decadal-scale climate 
change trends in mountain and northern regions, 
where station data is generally sparse. 

Average temperatures increased in all of the 
mountain regions in Canada from 1950 to 2020, 
with warming rates from 0.06 to 0.34°C per decade 
(Table 5.1). Western Canada has seen the greatest 
temperature increases, with the Pacific Maritime 
and Boreal Cordillera regions warming at roughly 
twice the national average. Temperature increases 
in eastern Canada are comparatively modest, and 
are below the national average. This is consistent 
with the broad national picture documented in 
Bush & Lemmen (2019), where trends are based 
on station records. Overall, western mountain 
regions in Canada have warmed at rates exceed-
ing the national average, but this is not true of 
the eastern or high Arctic mountain regions in 
Canada.

Contrasting seasonal patterns are embedded 
within the overall warming trend. Nationally, 
winter warming is more than twice the rate of 
summer warming, 0.28°C vs. 0.13°C per decade. 
Winter warming is pronounced in northwestern 
Canada, with rates exceeding 0.6°C per decade 
in the Boreal and Taiga Cordillera. In contrast, 
the Atlantic Maritime and Eastern Subarctic re-
gions experienced modest winter cooling over 
the period 1950–2020. The overall pattern of tem-
perature trends is consistent with a climatolog-
ical shift in the jet stream. This shift has led to 
stronger and more persistent ridges over west-
ern Canada and a trough over eastern Canada, 
associated with northerly (cold) air advection. 
Decadal-scale trends in atmospheric circulation 
show signs of persistence in this setup, which ac-
companies a more ‘wavy’ jet stream (i.e., meridio-
nal flow with strong ridge and trough structures, 



240 THE CANADIAN MOUNTAIN ASSESSMENT

vs. zonal flow). This kind of shift as a response to 
Arctic warming and sea ice loss has been widely 
discussed in the literature (Cohen et al., 2014; 
Francis & Vavrus, 2012, 2015).

Warmer summer temperatures are being ex-
perienced in all mountain regions in Canada, 
with trends equal to or exceeding the national 
average. Warming in the Pacific Maritime region 
stands out in particular, with a rate of 0.56°C per 
decade, which is four times the national average. 
The Montane and Arctic Cordillera regions are 
also experiencing strong summer warming, and a 
range of processes that include albedo feedbacks 
from declining snow and ice cover (Pepin et al., 
2015) and increased atmospheric moisture and 
downwelling longwave radiation (Williamson et 
al., 2020) may contribute to the amplified moun-
tain warming. 

Elevation-dependent warming
Numerous studies suggest that high elevation 
mountain regions may be highly sensitive to cli-
mate change, a phenomenon known as elevation- 
dependent warming (EDW; Diaz & Bradley, 1997; 
Hock et al., 2019; Pepin et al., 2015; Rangwala & 
Miller, 2012). Climate model studies generally find 
a systematic increase in warming with elevation 
in future climate projections (Giorgi et al., 1997; 
Kotlarski et al., 2012; Palazzi et al., 2019). Pepin 
and Lundquist (2008) observe that climate change 
may vary systematically with elevation, but this 
does not necessarily mean that highest elevations 
are warming the most. Hence, EDW can be more 

subtle and complicated than just amplified warm-
ing at higher elevations. 

Elevation-dependent warming also needs to be 
considered in the broader context of elevation- 
dependent climate change (EDCC), as other me-
teorological variables, energy fluxes, and surface 
conditions have strong gradients with altitude, 
and can be expected to respond nonlinearly to 
climate change. Several climate change feedbacks 
vary with elevation, such as albedo declines due 
to reduced snow and glacier cover, the effects of 
aerosols, changes in cloud cover, and increases 
in atmospheric humidity and diabatic heating 
(i.e., heat release from condensation). Increased 
humidity drives an increase in incoming long-
wave radiation and also reduces surface fluxes of 
evaporation and sublimation at high elevations, 
and their associated cooling influences. Changes 
in aerosols, clouds, and atmospheric humidity 
vary with elevation, and not all of these effects 
will lead to increased climate sensitivity at high 
elevations.

There is observational evidence for EDW in 
some parts of the world, although limited long-
term in situ data are being collected to evaluate 
this at high elevations in most mountain regions, 
including those in Canada. Where data are avail-
able, observational evidence for EDW in the 
world’s mountain regions is mixed (Hock et al., 
2019), although several studies document a strong 
EDW signal in winter months and for minimum 
temperatures (Beniston & Rebetez, 1996; Pepin 
et al., 2015; Sharma & Dery, 2016). This argues for 

Table 5.1: Historical climate trends of major mountain regions in Canada, calculated from the ERA5 global climate 
reanalysis. Trends dT/dt and dP/dt are calculated from a linear regression over the period 1950–2021, expressed as 
rate of change per decade. Changes ΔT and ΔP refer to differences in the mean values from 1991–2020 relative to 
1951–1980. Bold values highlight large departures from the average Canadian trends.

Climate Trends and Changes (1950–2020), Canadian Mountain Regions

  dT/dt (°C dec⁻¹)   ∆T (°C)  dP/dt (% dec⁻¹)  ∆P (%) 
Mountain Regions DJF JJA ann ann DJF JJA ann ann

Pacific Maritime 0.36 0.56 0.35 1.49 1.6 3.7 0.4 1.6
Montane Cordillera 0.38 0.23 0.26 1.08 -3.9 2.1 -0.2 -2.3
Boreal Cordillera 0.67 0.20 0.31 1.31 1.6 1.8 1.9 6.6
Taiga Cordillera 0.62 0.13 0.25 1.14 2.2 -0.2 0.7 2.9
Atlantic Maritime 0.06 0.12 0.07 0.41 1.8 0.7 0.0 0.5
Eastern Subarctic -0.06 0.14 0.06 0.46 -2.6 -1.9 -1.3 -5.4
Arctic Cordillera 0.01 0.22 0.11 0.53 -2.3 3.5 1.9 9.1
All of Canada 0.28 0.13 0.17 0.74 -0.6 0.6 0.6 2.5
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Fig. 5.1: Temperature (left) and precipitation (right) trends in Canada in the ERA5 climate reanalysis, 1950 to 2016, ex-
pressed as degrees C of temperature change and % change in precipitation per decade. The top, middle, and bottom 
rows show the mean annual, winter (December, January, February), and summer (June, July, August) trends. Data from 
Hersbach et al., 2023.
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the influence of free-atmosphere conditions such 
as humidity changes (Williamson et al., 2020) 
rather than the influence of albedo feedbacks, 
as albedo effects should be strongest during 
summer and for maximum temperatures. Pepin 
and Lundquist (2008) report maximum warming 
in the elevation band near 0°C, where feedbacks 
from reduced snow and ice cover or other effects 
may be accentuated. At higher elevations, it is 

often cold enough that snow and ice cover are not 
yet strongly affected by climate change; precip-
itation still falls as snow, not rain, and seasonal 
snow cover at high elevations may not (yet) be 
declining. 

The extent to which EDW is occurring within 
Canada is unclear, and the dearth of high-eleva-
tion observational data makes it difficult to assess 
this. Sharma and Déry (2016) analyse temperature 
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Figure 5.2: Rates of decadal temperature change from 1950–2021 as a function of elevation for each of the ERA5 grid 
cells in mountain regions of (a) western and (b) eastern Canada. Black, blue, and red symbols are for mean annual, 
winter, and summer temperatures, respectively. The various symbols in (a) refer to specific mountain regions: Pacific 
Maritime (asterisks), Montane Cordillera (circles), Boreal Cordillera (diamonds), and Taiga Cordillera (plus signs).
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trends from 1950–2010 using interpolated climate 
station records in the Cariboo Mountains of Brit-
ish Columbia (Montane Cordillera). They report 
higher rates of warming in this region than the 
regional and national average, with a statistically- 
significant trend for the increase of minimum 
temperature with elevation but the opposite re-
lation for maximum temperatures (i.e., muted 
warming at higher elevations). The analysis is 
mostly restricted to elevations below 2000 m, as 
there are insufficient station records to assess 
temperature trends above this elevation. Based 
on climate reanalyses, Williamson et al. (2020) 
report amplified warming at high elevations in 
the St. Elias Mountains, Yukon (Boreal Cordillera). 
This was attributed to increases in humidity and 
incoming longwave radiation above ~2000 m, also 
reported by Ochwat et al. (2021). We are not aware 
of other assessments of EDW in mountain regions 
in Canada. 

There is no systematic pattern with eleva-
tion for the ERA5 temperature trends in Canada 
(Figure 5.2). All mountain regions in Canada are 
warming (Table 5.1), but only three of the seven 
major regions (Pacific Maritime, Atlantic Mar-
itime, and Taiga Cordillera) show statistically 
significant increases in annual warming rates 
with elevation, from +0.06 to +0.12°C decade-1 
km-1. Distance from the ocean may be a factor 
here, as temperature changes are moderated in 
low-elevation coastal environments. Three other 
mountain regions in Canada see less warming at 
higher elevations (Montane Cordillera, Boreal 
Cordillera, and Arctic Cordillera). Temperature 
changes in the Arctic Cordillera decline with el-
evation, with a gradient of -0.23°C decade-1 km-1 
(Figure 5.2b). The strongest decline in warming 
rates with elevation in the Arctic Cordillera is in 
the summer months, with an altitudinal gradient 
of -0.48°C decade-1 km-1. This may be due to the 
strong relation between Arctic warming and sea 
ice loss, which is felt most strongly at sea level; 
the climate change signal is muted at higher ele-
vations on Arctic icefields. 

The strongest EDW signal in Canada is in the 
summer months and the maximum warming rate 
is at low- to mid-elevations, roughly 500–1200 m 
in western Canada and 300–600 m in eastern 
Canada. This may reflect elevations near the 0°C 
isotherm and with the strongest changes in snow 
and ice cover, as observed by (Pepin & Lundquist, 

2008). Future warming trends may deviate from 
this pattern, if the strongest band of warming 
follows the 0°C isotherm or the summer snowl-
ine to higher elevations in the coming decades. 
It should also be restated that climate reanaly-
ses and most climate models do not resolve the 
mountain-specific atmospheric and surface pro-
cesses that may underlie EDCC. There is an acute 
need for increased high-elevation observations to 
test the EDW hypothesis in Canada and to fully 
understand what climate change means for alpine 
environments (Hik & Williamson, 2019). 

5.2.2 Historical precipitation trends

Weather station data show mixed precipitation 
changes across Canada in recent decades, and this 
is also true of the mountain regions in Canada 
(Fig. 5.1). Northern Canada has gotten wetter, 
with observed precipitation increases of 20–50% 
from 1948–2016 (Bush and Lemmen, 2019). This 
is reflected in the observations of Brandy Mayes 
of the Kwanlin Dün First Nation, who notes the 
increasing unpredictability of precipitation 
regimes in Yukon Territory (LC 5.3). The magni-
tude and sign of historical precipitation changes 
in most of southern Canada are more equivo-
cal, with modest drying in some locations but 
recent annual precipitation totals within 10% of 
20th-century baseline values.

Within the ERA5 climatology, historical precip-
itation trends also show a complex regional and 
seasonal picture. Overall, precipitation in Canada 
increased by 0.4% per decade from 1950–2021, 
with a decline in winter precipitation (0.8% per 
decade) offset by increases in precipitation in 
the spring, summer, and autumn. The Arctic Cor-
dillera is the only Canadian mountain region to 
follow this overall pattern, with strong increases 
in summer and annual precipitation (+3.5 and 
+1.8% per decade, respectively), along with drying 

Brandy Mayes, Kwanlin Dün First Nation, 2022, LC 5.3
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in the winter season (-2.2% per decade). These 
are among the strongest precipitation signals 
in the country. In the Pacific Maritime, Mon-
tane Cordillera, and Eastern Subarctic mountain 
regions, both winter and annual precipitation de-
clined over the historical period. In contrast, the 
Boreal and Taiga Cordillera regions in northwest-
ern Canada are exceptions to this overall trend, 
with increased winter precipitation of +1.1 to 
+1.5% per decade. Summer precipitation changes 
are regionally variable, but most mountain re-
gions in Canada have seen increased summer 
precipitation.

It is important to recognize the need to mon-
itor and model surface evaporation rates and 
soil moisture levels within these considerations, 
as increased evapotranspiration in a warmer cli-
mate can offset increases in precipitation and 
lead to drier conditions overall. This is difficult 
to infer or estimate from climate reanalyses, 
without specific resolution of the mountain en-
vironments. This analysis also cannot separate 
rainfall and snowfall, without sufficient definition 
of the mountain topography. However, declines 
in winter precipitation are projected in several 
of the mountain regions of Canada, at rates of up 
to -4% per decade. Combined with winter warm-
ing, this would lead to reduced winter snowpacks 
(Sec. 2.3.4). This is echoed in the comments of 
Elder Gùdia Mary Jane Johnson, Lhu’ààn Mân Ku 
Dań, who discussed the shifting seasons and the 
increasing unpredictability of the snow and ice 
seasons (LC 5.4).

5.2.3 Caveats and research gaps

The ERA5 climate reanalysis used here has a longi-
tude-latitude resolution of 0.25 degrees (Hersbach 
et al., 2020). Over Canada, this translates to ~28 
km in latitude by ~5 to 20 km in longitude, with 

finer coverage in northern Canada. At this reso-
lution, reanalyses do not resolve detailed moun-
tain weather and climate processes. Nor will they 
capture details of precipitation and snowpack 
distribution in the mountains, alpine ecological, 
hydrological, or cryospheric conditions, or atmo-
spheric processes such as cold air drainage or the 
phase of precipitation in the mountains. However, 
climate reanalyses provide a good representation 
of regional-scale historical temperature and pre-
cipitation trends in different mountain regions 
in Canada. This is valuable in the context of the 
CMA, as long-term climate conditions in moun-
tain regions in Canada are not well-observed or 
documented. Targeted high-resolution modelling 
studies are needed to construct mountain mete-
orological and climate change processes in more 
depth, including a detailed assessment of EDCC. 
The effects of changing wind and circulation pat-
terns on precipitation trends also require further 
exploration.

5.2.4 Future climate projections

Recent reports of the Intergovernmental Panel 
on Climate Change (IPCC, 2021; 2022) present glo-
bal climate change scenarios for an ensemble of 
global climate models and for different assump-
tions about future emissions, known as ‘shared 
socio-economic pathways’ (SSPs) (Riahi et al., 
2017). Model projections were coordinated and 
compiled through the sixth international Cou-
pled Model Intercomparison Project exercise, 
known as CMIP6.

Sobie et al. (2021) assess the CMIP6 archive 
for the ensemble of climate model projections 
over Canada, illustrated in Fig. 5.3 and demon-
strating the wide range of potential climate fu-
tures in Canada. There are differences between 
the climate models, but the dominant factor is 
the future emissions trajectory. SSP1 describes a 
scenario for global cooperation and emissions re-
ductions similar to what has been pledged in the 
Paris Agreement (i.e., achieving net-zero emis-
sions by mid-century), while SSP5 is the opposite 
scenario, representing a world with intensive on-
going development, limited global cooperation, 
and minimal adoption of climate mitigation pol-
icies, giving continued increases in greenhouse 
gas emissions. This is essentially our current 
trajectory, although effective implementation 

Gùdia Mary Jane Johnson, Lhu’ààn  
Mân Ku Dań, 2022, LC 5.4
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of current global emissions reductions pledges 
would deflect us from this scenario and set the 
world on a course closer to SSP2. 

The Canada-wide projections in Fig. 5.3 indi-
cate a warmer, wetter country, overall, although 
temperature and precipitation changes in future 
decades depend a great deal on the emissions tra-
jectory. There is ongoing climate change in the 
next two decades with all scenarios, due to inertia 
in the climate system and the time required for 
large-scale emissions reductions (i.e., through the 
necessary transformation of energy and trans-
portation systems). For SSP1, where emissions are 
aggressively reduced and the buildup of green-
house gases in the atmosphere is eliminated by 
mid-century, the climate system stabilises and av-
erage warming over Canada reaches about 2.5°C, 
accompanied by a 10% increase in annual precip-
itation over Canada. For SSP2 and SSP5, climate 
change continues through the century but there 
are radical differences in the national average by 
the year 2100, depending on how much global 
greenhouse gas emissions can be reigned in. For 
SSP2, Canada warms by about 5°C by 2100, with a 
15% increase in average precipitation, while SSP5 
projections indicate a mean warming of almost 
10°C, with a ~25% increase in annual precipita-
tion. There is considerable spread in the model 
forecasts for 2100, associated with the climate 
sensitivity of different global climate models. 
This means that forecasts for 2100 are highly 

uncertain; climate change in Canada might be 
moderate relative to the ensemble mean forecast, 
but changes in Canada could also be even more 
severe.

Detailed future climate change projections 
over Canada were analysed in the 2019 Canada’s 
Changing Climate report (Bush & Lemmen, 2019) 
and show the same essential picture of a warmer, 
wetter Canada in future decades, but there are im-
portant regional differences. CMIP6 projections 
for end-of-century from the most recent version 
of the Canadian climate model, CanESM5 (Swart 
et al., 2019) are shown in Fig. 5.4 to 5.6.

Table 5.2 compiles projected future tempera-
ture and precipitation conditions over the major 
mountain regions in Canada for the period 2071– 
2100. Results are presented for the CMIP6 simula-
tions from CanESM5 for scenarios SSP1, SSP2, and 
SSP5, based on the gridded climate model data 
that intersects each mountain region. Results 
are also shown for the full Canadian land mass. 
All regions are expected to experience significant 
warming by end-of-century, with warming trends 
of 0.3–0.5°C per decade for SSP1 and 0.9–1.6°C 
per decade for SSP5. As is well documented else-
where (e.g., Bush & Lemmen, 2019), the northern 
regions of Canada experience the most acute 
warming; the Arctic Cordillera, Eastern Subarctic, 
and Taiga Cordillera all see annual mean tempera-
ture increases that exceed the national average. 
Warming is most dramatic in the winter months 
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Figure 5.3: Projected (a) temperature and (b) precipitation changes over Canada to 2100 from the suite of CMIP6 
climate models for scenarios SSP1-2.6, SSP2-4.5 and SSP5-8.5, after Sobie et al. (2021). Each line indicates individual 
model results, with the colours indicating the SSP scenario and the heavy lines showing the mean of all models for each 
SSP scenario.
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in northern and eastern Canada, particularly for 
the Arctic Cordillera, but this is not the case for 
lower latitudes in southwestern Canada, where 
summer warming rates exceed the winter warm-
ing. Fig. 5.4 plots the projected century-scale 
temperature increases for each mountain region 
and the two end-member scenarios, SSP1 and 
SSP5. Fig. 5.6 illustrates the projected warming by 
2050 within each mountain region of Canada.

Projected precipitation changes in each moun-
tain region also have some systematic regional 
and seasonal structure. Mean annual precipita-
tion changes generally scale with the amount of 
warming, and as a percentage are greatest in the 
Arctic Cordillera (Table 5.2 and Fig. 5.5, 5.6). The 
high rates of warming and wetting in the high 
Arctic are associated with a number of climate 
processes, including extensive sea ice loss in the 
high-emissions scenarios. Winter precipitation 

increases are greatest in all mountain regions, 
from 1–4% per decade for SSP1 and 3–14% per 
decade for SSP5. This bodes well for potential 
increases in winter snowpack in the mountains, 
although there is a trade-off against warming, 
which will cause a greater fraction of precip-
itation to fall as rain rather than snow at lower 
elevations (DeBeer et al., 2021; Mortezapour et al., 
2022). This may increase the intensity of rain-on-
snow driven flooding but projected frequency of 
rain-on-snow events is highly location-dependent 
(López-Moreno et al., 2021). Increases in high-ele-
vation snowpack can be expected in most regions, 
though lower latitudes in the Pacific and Atlantic 
Maritime regions, where winters are relatively 
mild, may see increased winter rainfall rather 
than snow accumulation at high elevations. 

Summer precipitation also increases across 
mountain regions in Canada in most of the fu ture 

Table 5.2: Projections of future climate conditions for the different mountain regions in Canada. Calculated from the 
CMIP6 simulations of the CanESM5 Earth system climate model, based on the mean of 10 simulations (i.e., a 10-
member ensemble) for the historical period (1850–2014) and future projections (2015–2100) from the SSP1-2.6, 
SSP2-4.5, and SSP5-8.5 emissions scenarios. The baseline climatology is from 1971–2000 and the SSP projections 
are the means for the period 2071–2100. Trends are calculated from 2000–2100, expressed as decadal rates of 
change, and winter (DJF), summer (JJA) and mean annual values are denoted w, s, and a. Bold values highlight large 
departures from the average Canadian trends.

Projected Temperature and Precipitation Conditions, 2071–2100: CanESMS-CMIPS

       Temperature Trends, 2000–2100 (°C dec-1) 
  Annual Temperature (°C)   SSP1-2.6   SSP2-4.5   SSP5-8.5 
Mountain Region Ref SSP1 SSP2 SSP5 w s a w s a w s a

Pacific Maritime 2.7 6.2 7.6 10.5 0.3 0.3 0.3 0.5 0.5 0.5 0.9 1.0 0.9
Montane Cordillera 0.4 4.0 5.5 9.0 0.3 0.3 0.3 0.5 0.5 0.5 0.9 1.1 0.9
Boreal Cordillera -5.1 -1.4 0.4 4.0 0.3 0.3 0.3 0.6 0.5 0.6 1.2 1.0 1.1
Taiga Cordillera -7.8 -3.3 -0.9 3.6 0.5 0.3 0.3 1.0 0.5 0.7 1.8 0.9 1.3
Atlantic Maritime 0.2 4.9 6.9 10.7 0.5 0.3 0.3 0.8 0.5 0.6 1.4 1.0 1.2
Eastern Subarctic -6.5 -0.3 2.2 6.6 0.7 0.3 0.4 1.1 0.6 0.8 1.8 1.2 1.4
Arctic Cordillera -21.1 -13.6 -10.6 -5.7 0.8 0.2 0.5 1.5 0.3 0.9 2.7 0.6 1.6
All of Canada -2.2 2.6 4.8 8.9 0.5 0.3 0.4 0.9 0.5 0.7 1.6 1.0 1.2

       Precipitation Trends, 2000–2100 (% dec-1) 
  Annual Temperature (m)   SSP1-2.6   SSP2-4.5   SSP5-8.5 
Mountain Region Ref SSP1 SSP2 SSP5 w s a w s a w s a

Pacific Maritime 1.72 1.92 1.97 2.11 1.3 0.8 1.2 1.6 0.5 1.6 2.7 -1.7 2.6
Montane Cordillera 0.99 1.18 1.23 1.33 1.5 1.9 1.9 2.3 1.9 2.5 3.6 1.6 3.7
Boreal Cordillera 0.86 1.06 1.15 1.35 1.6 2.2 1.9 2.5 3.1 3.1 4.7 4.1 5.3
Taiga Cordillera 0.48 0.62 0.68 0.82 1.9 2.2 2.2 3.4 3.2 3.7 5.4 4.9 6.2
Atlantic Maritime 1.21 1.42 1.46 1.52 1.5 1.0 1.3 3.0 0.8 1.7 5.4 0.0 2.3
Eastern Subarctic 0.85 1.09 1.15 1.25 2.4 1.3 1.7 3.8 2.0 2.8 6.3 1.6 3.9
Arctic Cordillera 0.27 0.39 0.44 0.58 4.1 2.3 2.5 7.1 3.7 4.4 13.6 7.2 8.5
All of Canada 0.69 0.81 0.86 0.96 1.7 1.3 1.5 3.3 1.8 2.5 5.9 2.9 4.3
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Figure 5.4: Projected temperature changes in 2050 relative to the reference period 1971–2000 for scenarios SSP1-
2.6 (left) and SSP5-8.5 (right). Top, middle, and lower panels show the mean annual, winter (December, January, 
February), and summer (June, July, August) temperature anomalies, respectively, calculated from the mean CanESM5 
temperature projections for the period 2036–2065. Data from Swart et al., 2019, 2019a, 2019b.
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climate change scenarios, although summer 
precipitation trends are weaker than the winter 
and annual values (Table 5.2). Scenario SSP5 is a 
notable exception, with summer precipitation 
projected to decline in the Pacific and Atlantic 
Maritime regions. Both of these coastal regions 
are projected to see a shift to warmer and drier 
summers, accompanied by modelled decreases in 
summer cloud cover. This weather setup is asso-
ciated with greater wildfire risk, heat stress on 
lakes, rivers, and ecosystems, and high rates of 
glacier mass loss (e.g., WMO, 2022). 

Climate change scenarios have been exam-
ined over specific mountain regions in Canada in 

several previous analyses, most commonly within 
investigations of future changes in snow, glaciers, 
or hydrological systems (Clarke et al., 2015; Islam 
et al., 2017; Mortezapour et al., 2022). Future cli-
mate scenarios in the Montane Cordillera region 
have received the most attention (e.g., Murdock 
et al., 2013). The prediction of warmer, wetter 
conditions in future decades is unanimous in the 
published literature, but changes in precipitation 
vary geographically and seasonally. Drier sum-
mers are projected in southwestern Canada in 
many studies (Bush & Lemmen, 2019; Murdock et 
al., 2013), which would negatively impact the ecol-
ogy, wildfire risk, stream and lake temperatures, 
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Figure 5.6: Projected temperature and precipitation changes in 2050 for the mountain regions in Canada and for 
all of Canada (Can) for future climate scenarios SSP1-2.6, SSP2-4.5, and SSP5-8.5 (Riahi et al., 2017). Anomalies 
are calculated from average conditions over the period 2036–2065 relative to the 1971–2000 baseline climatology. 
Simulations are from the CanESM5 model of the Canadian Centre for Climate Modelling and Analysis. Data from 
Swart et al., 2019.
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freshwater availability, alpine snowpack, and 
glacier melt rates in mountains of the Pacific 
Maritime and Montane Cordillera regions.

5.2.5 Caveats and research gaps

The climate models used for these future sce-
narios do not resolve the mountain topography, 
so they cannot explicitly capture the detailed 
meteorological or climatological processes or ele-
vation-dependent considerations that need to be 
understood for climate change impact assessment 
or adaptation activities in mountain regions. This 
is a clear gap in future climate change scenarios. 
Regional climate models help to bridge this gap 
and provide improved representation of precip-
itation patterns in mountain regions, but most 
regional climate modelling studies to date in 
Canada have resolutions of 10s of km, which do 
not explicitly resolve mountain slope or alpine 
processes (e.g., Murdock et al., 2013; Perroud et 
al., 2019). This makes it difficult to directly assess 
considerations such as local orographic precipita-
tion processes, the rain-to-snow transition, snow 
avalanche hazards, or alpine ecological, hydro-
logical, and glaciological processes as a function 
of elevation. 

As an example, climate models generally pre-
dict increases in high-elevation precipitation 
in a warmer climate, but it is difficult to resolve 
changes in the snowline (rain to snow transition) 
and to predict the impacts on snow accumulation 
at upper elevations. There is broad consensus that 
snow accumulation and snow cover will decline 
at low elevations in the mountains, but numer-
ous modelling studies project increases in snow 
accumulation at high elevations (e.g., Schnorbus 
et al., 2014; Shannon et al., 2019). There is limited 
direct data to assess this for the historical period. 
There is a chance that high-elevation snow accu-
mulation has been increasing, or could increase 
in future decades, although such a trend is not 
evident for recent climate change in hydrologi-
cal and glacier mass balance studies in the Mon-
tane Cordillera (Islam et al., 2017; Pradhananga & 
Pomeroy, 2022). High-elevation snow and precip-
itation observations are needed to assess this in 
the different mountain regions in Canada.

The overall structure of EDCC is highly un-
certain in mountain regions in Canada. There is 
a narrative that warming is amplified in global 

mountain regions and at high elevations (e.g., 
Beniston et al., 1997; Palazzi et al., 2019; Toledo 
et al., 2022), but this is not well-documented in 
Canada (see Sec. 5.2.1). The influences of conti-
nentality, latitude, and regional climate change 
trends may dominate the elevation dependency 
in Canada, e.g., Arctic amplification in association 
with sea ice loss and increasing humidity; strong 
warming in western Canada in association with 
Pacific warming and changes in atmospheric cir-
culation (Bush & Lemmen, 2019). Within a given 
mountain range, however, there are theoretical 
reasons to anticipate an elevation dependency as 
well (Pepin et al., 2015; Rangwala & Miller, 2012). 
Changes in snow, ice, and vegetation cover, atmo-
spheric humidity, cloud conditions, and atmo-
spheric lapse rates all influence surface climate 
conditions differently as a function of elevation, 
and these interactions need to be better under-
stood to inform climate downscaling strategies 
and construction of high-resolution climate sce-
narios in alpine regions in Canada. 

Additional studies of future climate projections 
in mountain regions in Canada should also con-
sider ensembles of climate models. We restrict 
the analysis to the Canadian climate model here, 
CanESM5, with results based on the average of 
multiple realisations, but a rigorous analysis is 
needed to consider multiple climate models and 
to assess the skill of different models over the his-
torical period in different regions of Canada. 

5.3 Land Cover and Land Use 
Pressures 

Development of land and waterways for in-
dustrial, agricultural, energy production, and 
municipal needs represents a significant an-
thropogenic pressure in some of the mountain 
regions in Canada, with direct impacts on eco-
systems, hydrology, Indigenous lands and ways of 
life, and sacred cultural sites. Land use changes 
are introduced by a wide array of human activi-
ties, including clearing of land for industry (e.g., 
mines, quarries, forestry, oil and gas production), 
conversion to agriculture, horticulture and pas-
toralism; development and expansion of urban 
communities and transportation networks in-
cluding road, rail, and human-use trails and; 
supporting infrastructure such as water treat-
ment plants and landfills. The plentiful water 
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supply and steep slopes in mountain areas are 
supportive of hydroelectric power generation, 
but hydroelectric facilities can have a large land-
scape footprint when they involve dams and 
flooding of the land to create reservoirs. These 
economic development activities and encroach-
ing infrastructure all disrupt the biophysical 
environment, with particular concerns around 
natural hazards, habitat fragmentation, and loss 
of connectivity. They may also disrupt and dis-
place existing human activities, relationships, 
and values in the landscape, with consequences 
for social, cultural, and economic life, especially 
in Arctic regions (Povoroznyuk et al., 2022). This 
has been steadily documented through history, 
both by Indigenous knowledge sources and scien-
tific studies.

5.3.1 Changes in land cover 

Mountain regions in Canada are covered by a wide 
range of surface types (see Chapter 2). Changes in 
land cover occur through both natural and human 
pressures (Hermosilla et al., 2018; Lambin & Geist, 
2008), and can occur over both short (daily) and 
long (decadal) timescales. Deforestation or wild-
fire, for example, are two mechanisms for rapid 
land cover changes. Perennial snow cover and 
afforestation represent two slower mechanisms 
for land cover change. Changes in land cover have 
profound impacts on biodiversity and ecology 
(Sala et al., 2000), but also affect global and re-
gional climate (Feddema et al., 2005; Mahmood et 
al., 2014) and hydrology (Matheussen et al., 2000; 
Quinton et al., 2019; VanShaar et al., 2002).

Rapid land cover changes have been observed 
in the Torngat Mountains (Davis et al., 2021b), 
where shrub-covered terrain has expanded over 
the past 30 years. A Canada-wide land cover 
change analysis for the period 2000–2011 found 
decreases in needle-leaf forests and attributed 
this to wildfires and the mountain pine beetle 
outbreak in the Montane Cordillera (Pouliot et 
al., 2014). To our knowledge, no studies to date 
have focused specifically and comprehensively 
on land-cover change in the mountain regions in 
Canada. 

We use the annual land cover classification 
derived for all of the forested regions in Canada 
(Hermosilla et al., 2018, 2022) to examine land 
cover change in CMA mountain regions (Fig. 5.7) 

between 1985 and 2019. Regions with little or no 
forest cover, including the Arctic Cordillera, In-
terior Hills North, Eastern Subarctic, and Taiga 
Cordillera, are not included in this analysis, as the 
dataset only covers forested regions. For the re-
maining regions, striking patterns of land cover 
change emerge. 

The area of perennial snow and ice declined 
in nearly all regions, by 24 to 78%. This change 
reflects the declines in mountain glaciers and 
snowpacks described in Sec. 5.7. The only region 
to see an increase in snow and ice over this period 
was the Atlantic Maritime and Boreal Shield—and 
it is unclear if this is due to a small sample size, 
or the availability and timing of imagery used in 
the classification. Areas with extensive snow and 
ice coverage such as the Montane Cordillera and 
Pacific Maritime saw corresponding increases in 
rock and barren terrain, as deglaciation exposes 
barren alpine landscapes. The remaining moun-
tain regions saw decreases in barren terrain, and 
this is most likely a result of forest expansion. 
All mountain regions saw increases in the area 
of broadleaf forests (+14% to +141%), and with 
the exception of Interior Hills Central region, all 
mountain regions saw substantial increases in 
the area of mixedwood forests (+41% to +422%). 
The magnitude of some of these increases may be 
due to small sample sizes, but they clearly indi-
cate the need for further research on land cover 
changes in mountain regions in Canada. 

5.3.2 Changes in land use 

The three major land uses in Canada can be cate-
gorised as ‘Cities and Farms’, ‘Shared Lands’, and 
‘Large Wild Areas’ (Fig. 5.8). This classification fol-
lows a global framework of land use classification 
(Locke et al., 2019). Cities and Farms represent the 
areas across Canada and its mountains with the 
highest level of land use and cover modification 
compared to historical baseline conditions. Those 
are the parts of the country that have the highest 
pressure from human settlement and agriculture 
(Coristine et al., 2018). The mountain ecosys-
tems in that land use class have seen the highest 
level of modification and have seen extensive 
biodiversity loss. The ‘Shared Lands’ category 
is dominated by resource extraction uses such 
as forestry. The impact on biodiversity in these 
areas is less pronounced than in the ‘Cities and 
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Farms’ category, but still present. The mountains 
of this category are largely impacted by forestry 
operations related to access corridors, roads, and 
timber removal. 

As a result of human modification, only about 
40% of remaining forests have high ecosystem 
integrity globally (Grantham et al., 2020), with 
values only slightly higher in Canada. The least 
impacted and modified areas in Canada and its 
mountains can be found primarily in the North in 
the ‘Large Wild Areas’ part of the country. Moun-
tain ecosystems and functions are least affected 
by direct human pressures in these parts of the 
country, but indirect impacts related to climate 
change and the proliferation of invasive species 

are having a large effect on that part of Canada 
due to the high latitudes generally facing greater 
changes than other parts of the country (Sec. 5.2). 
‘Large Wild Areas’ in northern Canada as well as 
the Rocky Mountains represent some of the larg-
est areas of forest with high integrity globally 
(Grantham et al., 2020).

A recent study on anthropogenic pressures 
across Canada (Hirsh-Pearson et al., 2022) con-
cluded that some of the most ecologically intact 
areas of the country can be found in northern 
mountain regions, where 95% of the area has been 
classified as ecologically intact. In the southern 
montane regions, roughly 66% of the area is still 

Large wild areas

Cities and farms

Shared lands

Major land uses

0 1000 km

Figure 5.8: Map of major land uses across Canada. Bolded colours represent mountain regions. Data from Locke et 
al., 2019.
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ecologically intact (Fig. 5.9). For this work, indi-
vidual anthropogenic pressures such as roads, 
crop land, and population density are combined 
into a human footprint metric that is meant to 
represent the cumulative anthropogenic pres-
sure across Canada as well as globally (Venter et 
al., 2016). The highest anthropogenic pressures 
in Canada are roads (see also Poley et al., 2022), 
crop land, and population density. Forestry, built 
environments and pasture lands contribute to the 
pressure values as well, but each of them contrib-
utes less than 10% to the human footprint scores 
generated for Canada. Combining anthropo-
genic pressures data with information on climate 
change impacts would further help us in assess-
ing the health of our mountain ecosystems.

To the best of our knowledge, there are no 
specific future land use and land cover change 
predictions available for the entire country that 
would help us predict potential future pressures 

on mountain ecosystems in Canada. There are 
some efforts available, however, to quantify land 
use risk at a global scale in the form of global land 
systems analysis (Kehoe et al., 2017; van Asselen 
& Verburg, 2012). Those efforts are not specific to 
mountain ecosystems and primarily focus on ag-
ricultural development (Kehoe et al., 2017). This 
kind of information can be of use for planning 
protected areas for biodiversity conservation into 
the future (Schuster et al., 2022), however, we 
would ideally want Canada-specific information 
on predicted future land use and land cover in 
order to best estimate the associated impacts on 
mountain ecosystems.

5.3.3 Demographic changes

There is no dedicated approach to understand ing 
demographic changes specifically in mountain 
regions in Canada, although broad demographic 

Figure 5.9: Anthropogenic stressors and human footprint across Canada in 2016 (from Hirsh-Pearson, 2022). 
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traits and recent trends can be found in census 
surveys conducted across the country. The 
delineation of mountain boundaries using geo- 
morphological standards rarely matches enu-
meration units from census surveys (e.g., the K1 
definition of Kapos et al., 2000; McDowell & Guo, 
2021), although assumptions can be made about 
demographic traits in the mountain regions of 
Canada from census data outside of these defined 
mountain boundaries. 

Global gridded population datasets such as 
from the Center for International Earth Science 
Information Network (CIESIN) can also provide a 
starting point for looking at broad demographic 
trends in the mountain regions of Canada. We 
use the gridded population dataset from CIESIN 
(2018) to observe long-term population changes 
in mountainous areas. As Table 5.3 below shows, 
population increases within the mountains in 
Canada are generally slower than the national 
average rate of increase from 2000 to 2020. The 
three major mountain regions with relatively 
large human settlements (Atlantic Maritime and 
Boreal Shield, Montane Cordillera, and Pacific 
Maritime) all experienced below national average 
population increases over the past two decades. 
Notably, migration out of the Interior Hills Cen-
tral mountain region since 2000 was close to 7%, a 
significant loss of inhabitants in the region.

To explore more recent demographic change in 
the mountains, we used a similar approach with 
federal census data from Statistics Canada (2022) 
from 2016 and 2021, selecting census subdivisions 

(municipalities) where >50% of the jurisdictional 
area overlapped with K1 mountain boundaries 
(McDowell & Guo, 2021). We find that the Pacific 
Maritime and Montane Cordillera in the west, 
and the Atlantic Maritime and Boreal Shield 
mountain regions in the east, demonstrate signif-
icant variability in population change, with some 
municipalities within the mountainous census 
subdivisions experiencing population decreases 
of up to 20% and others increases of >15% from 
2016 to 2021. Overall, municipalities in these 
mountain regions experienced an average popu-
lation growth of 7.2% from 2016 to 2021, slightly 
higher than the national average growth rate of 
5.2%. Gender ratios (expressed as the number 
of males per 100 females) do not show any sig-
nificant change from 2016 to 2021 (99.2 to 99.7). 
However, males are over-represented in moun-
tain regions in Canada relative to the national 
average, with national gender ratios of 96.5 in 
2016 and 97.1 in 2021.

5.4 Resource Development Pressures 

5.4.1 Resource extraction and development

Resource extraction activities such as mining, 
oil and gas development, and logging all involve 
land-use changes (Sec. 5.3), which can be highly 
visible in mountain regions. Mining scars and 
clear-cuts often persist for decades in moun-
tain environments, where soil development and 
reforestation can be slow. These directly alter 

Table 5.3: Approximate population count by major mountain regions, clipped to the CMA’s 10 mountain regions 
using the CIESIN global gridded population dataset for the years 2000 and 2020. Note: population numbers do not 
necessarily account for socio-cultural significance or human presence on the landscape.

Major Mountain Regions 2000 population 2020 population Percent change in population 2000–2020

Arctic Cordillera 190 253 33.3%
Eastern Subarctic 606 622 2.7%
Atlantic Maritime and Boreal Shield 161,891 183,537 13.4%
Boreal Cordillera 33,402 45,734 36.9%
Interior Hills Central 4922 4596 -6.6%
Interior Hills North 4 5 30.8%
Interior Hills West 16,591 22,110 33.3%
Montane Cordillera 848,967 1,020,490 20.2%
Pacific Maritime 38,441 49,861 29.7%
Taiga Cordillera 132 201 52.2%
Total mountain population 1,105,146 1,327,409 20.1%
National estimate 29,591,177 37,309,968 26.1%
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ecological and hydrological function, causing 
habitat loss and changes in habitat connectivity. 
In addition, many resource extraction pressures 
do not necessarily involve land-use changes, in-
cluding hunting and fishing, harvesting of herbs, 
berries, and medicines, and water extraction or 
diversion for industry, communities, or energy 
production. Unsustainable hunting, fishing, and 
harvesting activities can represent a significant 
pressure on ecosystems and biodiversity. 

Most water extraction and use in mountain re-
gions is non-consumptive (e.g., municipal water 
supplies or run-of-river hydroelectric projects), 
although water quality and temperature is al-
tered as the water is used, treated, and returned 
to the rivers. Where water is diverted to reser-
voirs, there will be increased heating and evapo-
rative losses, also affecting the downstream water 
supply. There can also be consumptive water use 
by irrigation and industry, affecting both water 
quantity and quality. For instance, where water 
is diverted to snow-making activities in ski areas, 
most of the water remains within the catch-
ment and returns to the system. However, this 
can introduce chemicals into the environment 
and may represent a transfer between stream-
flow and groundwater recharge, which can in 
turn impact base flows or rivers or aquifer levels. 
Moreover, substantial energy is required for the 
snow-making itself, which feeds back on natural 
systems through increasing demand for power. 

The extractive nature of resource development 
has invasive and colonial elements that go beyond 
just land-use changes. Local and remote human 
activities can act as sources of pollution that com-
promise soil, air, and water quality in mountain 
regions. Learning Circle participants, including 
Elder Gùdia Mary Jane Johnson, Lhu’ààn Mân Ku 
Dań, expressed concern that resource extraction 
activities can also introduce toxic chemicals to 
the soils, air, and water (LC 5.5). 

Many aspects of pollution in mountains in 
Canada are similar to broader concerns in Canada 
and globally, but there are also several mountain- 
specific concerns (McCune et al., 2019). Wildfire 
smoke has increasingly negative impacts on air 
quality, felt strongly in many mountain regions 
due to their proximity to forest cover and the way 
that high elevations intersect air flows (e.g., Yao 
et al., 2020). Persistent organic pollutants that 
have been banned in Canada since the 1980s, such 
as polychlorinated biphenyls (PCBs) and Dichlo-
rodiphenyltrichloroethane (DDT), continue to 
melt out of old glacier ice in the Canadian Rockies 
(Blais et al., 2001). As described in Mountain En-
vironments, these legacy contaminants are being 
released to alpine streams in low but measurable 
quantities. Deposition in mountain environments 
contains other far-travelled pollutants as well, 
such as heavy metals from upstream industrial ac-
tivity (e.g., smelters). Mining activity and oil and 
gas development can also produce toxic tailings 
that contaminate soils and enter the hydrologi-
cal system. As an example, high concentrations 
of selenium released through coal mining activ-
ities are well documented in western Canada and 
internationally, with negative impacts on water 
quality and aquatic ecosystems (Orr et al., 2006; 
Rudolph et al., 2008). 

5.4.2 Logging pressures

Resource development and extraction such as 
mining and logging activities have cascading im-
plications for the economies, cultures, and health 
of mountain communities across Canada, espe-
cially of Indigenous People. The impacts from the 
loss of intact forest are described by Watson et al. 
(2018) as “Fragmentation and degradation of the 
forest make a traditional lifestyle no longer tena-
ble, pushing indigenous peoples off their land, and 
driving people to adopt production systems that 
are incompatible with the maintenance of intact 
forests. As traditional forest peoples become in-
creasingly sedentary and connected to urban 
markets, gender roles, diets and cultural values 
also change. These changes in the lifestyles of in-
digenous and traditional peoples create greater 
dependence on urban markets for provisioning, 
which can lead to effects that erode their cultural 
identities. Indeed, for many indigenous forest Gùdia Mary Jane Johnson, Lhu’ààn Mân Ku Dań, 2022, LC 5.5
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peoples their cultural sense of self is inextricably 
linked to intact forests.”

Degradation and loss of intact forests in 
mountain regions in Canada is significant due to 
logging and climate change. These pressures are 
also interrelated with the socio-political institu-
tions including land tenure, land use planning 
and forest management that date back many 
decades if not hundreds of years. Forest manage-
ment systems in eastern Canada, for example, are 
based on centuries of colonial and neo-colonial 
relationships with forest ecosystems and forest 
peoples including Indigenous Peoples. Mi’kmaq 
for example, have been legally excluded from 
pursuing forest-based livelihoods including log-
ging as a result of Supreme Court decisions such 
as R. v. Marshall, R. v. Bernard:

The Supreme Court ruled that Mi’kmaq people 
should not be allowed to utilise the timber 
resources on Crown land in New Brunswick and 
Nova Scotia because they had not done so in 1760–
61. Logging was not perceived to be a traditional 
occupation or need of the Mi’kmaq people, unlike 
fishing. Fishing was thought to be a traditional 
need and way of subsistence for those living along 
the coast or on the water (Graham, 2015, p. 2).

These kinds of decisions, which assume Indige-
nous Peoples’ cultures and livelihoods are static 
and frozen in time (e.g., 1760), have been highly 
contested. 

Loss of forest resources due to widespread 
logging in eastern Canada and elsewhere has 
had significant ecological impacts in mountains. 
One example is the fate of the white cedar, as 
described by Campbell and Laroque “to allow 
naturally occurring eastern white cedar to disap-
pear from the Nova Scotian landscape would be to 
allow a piece of living natural history to fall to the 
wayside, removing a significant cultural icon that 
connects us to the past” (Leddy, 2013).

One solution to this emerging problem of forest 
ecosystem degradation and associated impacts on 
biodiversity, livelihoods, and cultures involves the 
support of the leadership of Indigenous Peoples, 
including the respect for Indigenous title, knowl-
edges and forest management practices (Berkes 
& Davidson-Hunt, 2006; Watson et al., 2018). 
“Although comprehensive global analyses are 

lacking, some regional data reveal the remarkable 
contribution of stewardship by forest peoples to 
sustaining high-integrity forest systems, often 
in the face of substantial pressures to liquidate 
forest timber or mineral resources” (Watson et 
al., 2018).

There is generally limited development in the 
Arctic mountain ranges of northeastern Canada, 
but impacts from developments in the western 
Arctic and subarctic regions are more significant 
and comparatively better described. The moun-
tains of Yukon Territory are sites of significant 
forestry and mining activity, with a long history 
of developments and plans to continue this pat-
tern. Resource development in these mountain 
spaces follows a similar pattern to other sites fur-
ther south in Canada, with sites in higher terrain 
accessed by a network of roads which act as con-
duits for impacts, magnifying any point specific 
impacts in the mountains and acting as a poten-
tial barrier for wildlife and a conduit for human 
traffic and disturbance (Coffin, 2007; Trombulak 
& Frissell, 2000). 

Resource development in the Yukon moun-
tains is also noteworthy for a strong history of, 
and potential for, both downstream and up-
stream impacts (Webster et al., 2015). Wanda 
Pascal of the Teetl’it Gwich’in Nation (a Learn-
ing Circle participant) noted how the placement 
of a fibre optic cable to a mine in the Richardson 
Mountains increases the potential for natural 
hazards to disrupt communications links in the 
mountains (LC 5.6). Mountain spaces can be par-
ticularly high-consequence environments for 
resource development due to the potential for 
impact pathways to carry downstream effects 
into other lower elevation ecosystems. Whether 
due to increased runoff due to deforestation, or 
increased sedimentation in valley bottom rivers, 
downstream effects have been noted in relation to 
historic Yukon mines (Pentz & Kostaschuk, 1999).

Wanda Pascal, Teetl’it Gwich’in, 2022, LC 5.6
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5.4.3 Mining and fossil fuel pressures

Mining and fossil fuel production result in signif-
icant pressures affecting mountain environments 
and the communities associated with and down-
stream of mines. British Columbia alone has 173 
mines that have produced over 300,000 tonnes 
of ore, including 21 operating mines (Bellringer, 
2016; Office of the Auditor General of British 
Columbia, 2022). Most of these mine sites have 
associated pollution concerns. Water contami-
nation is the most common threat presented by 
mountain-region mines. Acid mine drainage is a 
concern at more than a third of mountain mine 
sites, and remediation is expensive. It is esti-
mated that mitigating acid mine drainage at the 
Tulsequah Chief mine in northwestern British 
Columbia will alone cost $60 million (British Co-
lumbia Ministry of Energy, Mines and Petroleum 
Resources). Selenium pollution of watershed sys-
tems is a common product of coal mining. Repro-
ductive failures and deformities of fish in the Elk 
River valley watershed of southeastern British 
Columbia are attributed to Selenium sourced in 
waste rock dumps from the Teck Sparwood coal 
mine (Bellringer, 2016). And as was spectacularly 
demonstrated by the 2014 mine tailings pond 
collapse at the Mount Polley mine, instability 
and collapse of tailings piles and ponds is an ev-
er-present problem (Bellringer, 2016). The Mount 
Polley tailings pond collapse spilt 24 million cubic 
metres of mine waste into Quesnel Lake in the 
Montane Cordillera. Watershed pollution is not 
the only risk. For example, the abandoned Thet-
ford asbestos mines in the Maritime mountain 
region south of Quebec City, which closed in 2011, 
are responsible for asbestos contamination of the 
surrounding communities exceeding government 
limits and are associated with significantly in-
creased risks of cancer (Belleville, 2011).

Oil and natural gas production also present 
significant pressures for mountain regions. Oil 
and gas pipelines cut across mountains, valleys, 
rivers, and permafrost, disrupting animal migra-
tion routes and providing access to once pristine 
wilderness areas. While spills are not common, 
even small spills can be locally devastating. Ca-
nadian pipelines leak about 1000 barrels per year 
(Canada Energy Regulator statistics). Gas and oil 
leakage from abandoned wells is a significant 
problem, especially for Alberta. Hydraulic frac-

turing (fracking), the practice of injecting fluids 
at high pressure into ‘tight’ oil-bearing strata 
risks pollution of groundwater and aquifers, and 
has resulted in the triggering of earthquakes (in-
duced seismicity). Above all, fossil fuels are the 
prime contributor to global warming as their 
combustion releases CO₂, a potent greenhouse 
gas, into the atmosphere. 

5.4.4 Invasive species

Like pollution, invasive species pose a broad chal-
lenge to ecosystem health, but there are several 
specific considerations in mountain regions. Inva-
sive and non-native species of plants and animals 
can be deliberately or accidentally introduced 
into mountain environments through recre-
ational or industrial activities, where they may 
proliferate at the expense of native species and 
ecosystem functioning. For instance, the spread 
of spotted knapweed has altered plant community 
composition and arthropod health in grasslands 
of the montane west (Foster et al., 2021), and 
eastern brook trout introduced to mountain lakes 
have successfully out-competed the endangered 
westslope cutthroat trout, leading to genetic hy-
bridization of native species and reducing alpine 
fish biodiversity (Pacas & Taylor, 2015; Schindler 
& Parker, 2002). Elder Hayden Melting Tallow, 
Siksika Nation (Blackfoot Confederacy), discussed 
such changes in the composition of species affect 
the web of kinship relationships that form the 
backbone of Blackfoot ways of knowing, threat-
ening their sacred relatives (LC 5.7).

Mountain pine beetle, although native to 
western Canada, has heavily impacted many 
mountain regions of Canada, killing wide swaths 
of mature forest in regions east and north of its 
native range. Elder Gùdia Mary Jane Johnson, 
Lhu’ààn Mân Ku Dań described the effects of the 
spruce bark beetle on the forests of the Yukon 
(LC 5.8). Whirling disease is a parasite affecting 
salmonid fish populations that was discovered 
in Johnston Lake in Banff National Park in 2016, 
and has since spread to other freshwater sites 
in the Alberta foothills (Veillard & James, 2020). 
Like the spread of mountain pine beetle, whirl-
ing disease is enabled by warming temperatures 
(Nehring & Walker, 1996), though it also requires 
a vector, and is often associated with tourism and 
visitation. 



MOUNTAINS UNDER PRESSURE 259

5.5 Growing Pressures from Mountain Tourism 
and Recreation 

Pressures from increasing tourism and recreation visitation and the 
attendant increase in supporting infrastructure (e.g., transportation 
networks to create access) represent another significant anthropogenic 
pressure in mountain regions, particularly those near urban population 
centres in southern Canada. Elder Gùdia Mary Jane Johnson, Lhu’ààn 
Mân Ku Dań, explained how these activities have significant impacts on 
her Nation’s Traditional Territory (LC 5.9). 

Mountain tourism and recreation can also involve significant dis-
turbance and displacement through land use and land cover changes, 
particularly in the case of ski areas and golf courses, resulting in land-
scape fragmentation, slope erosion, and loss of habitat connectivity 
(Ladle et al., 2019; St. Louis et al., 2013). Mountain tourism and recreation 
also drives increased vehicle congestion and costs of living for nearby 
communities, resulting in increased threats to human health and well-
being. These impacts can extend to non-human animals as well, such as 
concerns regarding the impact of increased traffic on polar bears in the 
case of the Torngat Mountains National Park (Maher & Lemelin, 2011). 
Protection of infrastructure to service tourism and recreation activities 
has resulted in changes in forest fire and flood control management 
practices, altering species composition and threats from hazards. As 
Elder Gùdia Mary Jane Johnson, Lhu’ààn Mân Ku Dań explained, these 
alterations to fire management regimes carried out in part to shape 
visitors’ experiences in parks, including in Kluane National Park on her 
Nation’s Traditional Territory, displaced longstanding Indigenous prac-
tices of care for the landscape (LC 5.10).

Further, mountain recreation and tourism can contribute to a loss of 
sense of place and the erosion of associated place attachment through 
increased competition for resources, such as recreational areas, and dis-
placement of local people by ‘amenity migrants’ (Lemelin et al., 2012; 
Maher & Lemelin, 2011). For Indigenous Peoples, these experiences 
represent the ongoing effects of colonial displacement from many 
mountain areas. Access to mountain recreation opportunities—partic-
ularly in parks and protected areas—is widely known to be inequitable, 
and Indigenous Peoples on whose territories these activities take place 
frequently experience barriers to accessing these places. Dawn Saunders 
Dahl, Métis (Red River Ojibwe), described the experience of working with 
Stoney Nakoda youth who felt alienated from the parks other visitors 
enjoyed (LC 5.11).

As the population of Canadian mountain communities grows and the 
number of people seeking adventure tourism experiences increases, 
the popularity of mountain-focused recreation activities is also on the 
rise. Though the sparse availability of data makes this change difficult to 
quantify, especially at wide geographic scales, limited studies and data-
sets demonstrate a significant shift. For example, Parks Canada reports 
a 28% increase in visitation at the seven mountain parks between 2010 
and 2020 (Parks Canada Agency, 2021) and Helicat Canada—the group 
that represents commercial helicopter and snowcat skiing operations—
reported a 20% increase in skier days between 2013–15 and 2016–18 

Hayden Melting Tallow, 
Siksika Nation, Blackfoot 
Confederacy, 2022, LC 5.7 

Gùdia Mary Jane Johnson, 
Lhu’ààn Mân Ku Dań, 2022, 

LC 5.8, LC 5.9, LC 5.10

Dawn Saunders Dahl, Métis (Red 
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(Helicat Canada, 2019). The increasing popularity 
of nature-focused recreation and tourism has im-
pacts on both natural environments and human 
mountain community dynamics.

Gaudreau (1990) explains that ecosystems are 
vulnerable to many negative effects caused by 
recreation, including habitat modification, wild-
life disturbance, and the introduction of new or 
invasive species, and Burgin & Hardiman (2012) 
contend that a paradigm shift is required to 
better reflect ecological priorities in outdoor rec-
reation management. While there are data gaps 
related to specific species, a general finding that 
recreation disturbs many forms of wildlife is well 
documented, especially motorised recreation in 
the mountain west. For example, snowmobiling 
displaces mountain caribou from suitable habitat 
and has been a factor in their population decline 
(Seip et al., 2007). Mountain goats are also sensitive 
to motorised recreation, with one study showing 
that they are “moderately to strongly disturbed” 
by all-terrain vehicles (ATVs) nearly half the time 
(St-Louis et al., 2013). Non-motorized recreation 
can also be problematic, with Voyer et al. (2003) 
demonstrating that hiker activity disturbs pikas, 
causing them to initiate antipredator behaviour 
which reduces foraging time. Mountain caribou 
were also shown to be sensitive to non-motorized 
backcountry skiing in Gaspesie National Park in 
Quebec (Lesmerises et al., 2018).

Certain forms of recreation (hunting, fishing) 
have more direct impacts on populations. Wildlife 
managers are sometimes challenged to sustain-
ably manage fish and wildlife populations with 
recreational value in the absence of quality data, a 
finding Lofroth and Ott (2007) confirmed for wol-
verines, which have experienced unsustainable 
harvests in some population units in British Co-
lumbia. A legacy of stocking in mountain lakes has  
also affected alpine ecosystems, as exemplified 

by in Banff National Park, where historic stock-
ing practices displaced now at-risk native species 
(bull trout, westslope cutthroat trout) with other 
species (brook trout, rainbow trout) considered 
more desirable to anglers at the time (Schindler, 
2000). Studies from other non-Canadian jurisdic-
tions also detail the challenges faced by managers 
when confronting this legacy (Chiapella et al., 
2018). The impacts of this legacy are felt down-
stream as well, highlighted by the words shared 
by Hayden Melting Tallow of the Siksika Nation 
(Blackfoot Confederacy) and Dawn Saunders Dahl, 
Métis of the Red River Ojibway people, regarding 
the introduction of non-native fish species to im-
prove angling for recreators (LC 5.7, LC 5.12).

Fishing and hunting can, however, also be 
a tool for conservation, with multiple studies 
documenting the results of attempts—some suc-
cessful and some not—to manage certain wildlife 
populations through selective harvest of others. 
For example, Paul et al. (2003) describe efforts 
to selectively harvest brook trout in favour of 
restoring native cutthroat trout in a Rocky Moun-
tain stream, while Serrouya et al. (2017) evaluate 
the efficacy of moose harvest as a means of re-
ducing wolf populations and therefore improving 
mountain caribou survival in southeastern British 
Columbia. In addition, hunting and angling asso-
ciations have played a substantial role in funding 
and advocating for wildlife conservation, with 
several examples from the mountains of western 
Canada detailed in Heffelfinger et al. (2013). 

With regards to ecosystem impacts, limited 
attention is being paid to the impacts of recre-
ational activities on the physical environment, 
such as ecological degradation associated with 
hiking and human-use trails (Nepal & Way, 2007) 
and the shift away from ‘low-impact relaxation 
holidays’ towards adventure tourism vacations 
(e.g., ATV tours), which have greater impacts on 
sensitive alpine ecosystems (Burgin & Hardiman, 
2012). This relatively limited body of research re-
veals important gaps in our understanding, some 
of which include waste generation (e.g., McCon-
nell, 1991; Nepal, 2016), impacts on biodiversity 
(e.g., Geneletti & Dawa, 2009; Lynn & Brown, 2003; 
Stevens, 2003; Tolvanen & Kangas, 2016), and the 
impacts on habitat of alpine species (e.g., Im-
mitzer et al., 2014). 

While academic literature on this topic is 
limited, the impacts of mountain recreation in 

Dawn Saunders Dahl, Métis (Red River 
 Ojibwe), 2022, LC 5.12
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Ca n a da have been acutely observed and felt by 
many Indigenous Peoples. Elder Gùdia Mary Jane 
Johnson, Lhu’ààn Mân Ku Dań, shared her obser-
vations regarding the impacts of activities such as 
rafting, mountain biking, and fly fishing on the 
natural environment (LC 5.13). Given that visita-
tion to mountain regions in Canada is on the rise, 
the lack of literature at the nexus of tourism, vis-
itation, and the natural environment represents 
an important gap. A gap that is highlighted by 
tourists’ expectations and the level of acceptable 
change they are willing to endure, particularly in 
relation to environmental degradation (Needham 
et al., 2004, 2011).

Mountain communities are also experiencing 
the effects of a growing interest in mountain-based 
recreation. Destination management and market-
ing organisations have, in some circumstances, 
been so successful that their role is shifting to a 
focus on preserving the nature of the community 
and experience, rather than simply attracting 
visitors. Mountain communities are confronted 
with different phenomena related to visitors or 
newcomers. Some are experiencing high levels of 
nature-based tourism, even ‘overtourism’ which 
contributes to lower levels of visitor satisfaction 
while hiking and mountain biking (Kohlhardt 
et al., 2018; Needham et al., 2011), and in some 
cases this has led to conflict between users, par-
ticularly on multi-use trails (Neumann & Mason, 
2019). Other communities are host to high rates 
of second home ownership (Mcnicol & Glorioso, 
2014), and still others are hubs for ‘amenity 
migration’ (Gripton, 2009), which sees the move-
ment of mobile workers or retirees to areas with 
outstanding recreational or environmental qual-
ities (Chipeniuk, 2004). There is a growing body 
of literature on the challenging effects of short-
term rentals on housing markets, and while there 
are few studies focused on Canadian mountain 
communities (e.g., Petit et al., 2022), studies from 
other jurisdictions provide useful evidence for 
this issue (e.g., Combs, et al., 2020).

Recreation and tourism have been actively 
promoted by mountain communities in recent 
decades as a strategy through which to facilitate 
an economic transition away from declining re-
source industries like forestry. Residents of many 
areas acknowledge the importance of tourism to 
the vitality of the community (Nepal, 2008; Pere-
hudoff & Rethoret, 2021). However, the growing 

number of people coming to communities to 
experience their recreational assets brings chal-
lenges. Nepal and Jamal (2011) detail some of the 
common issues faced by emerging ‘resort commu-
nities’, including local concerns about economic 
leakage (i.e., through amenity developers hiring 
non-local crews), “enclavic” developments that 
happen on the outskirts of town and therefore 
draw visitors away from downtown, and specific 
planning challenges. Kelly and Williams (2007) 
describe one such challenge in their analysis of 
water supply in Whistler, British Columbia, where 
the high water demands of visitors, especially 
in the peak summer tourism season when natu-
ral water supplies in mountain communities are 
often at their lowest, has required development 
of innovative solutions. These challenges are also 
evident in Indigenous communities, where tour-
ism-related development has encroached on both 
access to and use of ancestral lands evident in the 
story shared by Keara Lightning of the Nehiyaw, 
Samson Cree First Nation (LC 5.14).

Most literature to date focuses on recreation 
and tourism impacts on mountain communities, 
which generally emerges from western commu-
nities like Whistler, Banff/Canmore, and interior 
British Columbia resort communities like Rev-
elstoke and Rossland. These works collectively 
point to a need for mountain communities to 
improve planning capacity, including bolstering 
available datasets, in order to better understand 
and respond to the challenges posed by increas-
ing rates of nature-based tourism and recreation.

Gùdia Mary Jane 
Johnson, Lhu’ààn Mân 
Ku Dań, 2022, LC 5.13
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Nehiyaw, Samson Cree 

First Nation, 2022, LC 5.14
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5.6 Changes in the Governance of Mountain Spaces 

Legal and jurisdictional decisions over ‘ownership’ of the mountains 
have a strong impact on development, access, and the availability of 
these spaces for Indigenous traditional cultural or recreational prac-
tices. The establishment of the mountain National Parks in Alberta, 
British Columbia, and later in Yukon Territory displaced some of these 
Indigenous practices, including hunting and fishing rights. Governance 
of the national parks regions and development of settler infrastructure 
in these regions (e.g., towns, ski areas) have direct impacts on the gifts 
of the mountains (Fig. 5.10). As Dawn Saunders Dahl (Métis, Red River 
Ojibwe) explained, the parks have long excluded Indigenous Peoples in 
the Canadian Rockies around Banff and Jasper National Parks (Montane 
Cordillera) from accessing the places where governance is passed down 
from generation to generation, disrupting their systems of governance 
(LC 5.15). As Yan Tapp, Gaspeg First Nation explained, these same ten-
sions exist in eastern Canada with respect to private ownership, land 
management, and access to traditional lands (LC 5.16, LC 5.17).

A major component of Indigenous/settler relations in much of 
Canada, in particular surrounding governance of land, is based on trea-
ties. Mountain environments in Canada (with the exception of much of 
British Columbia) are within the territories of many treaties, including 
the major numbered treaties (e.g., Treaties 6, 7, 8, and 11 cover much 
of the Canadian Rockies). The treaties made provisions for co-existence 
of Indigenous Peoples and settlers upon the ceded territories. Per the 
spirit of these documents, Indigenous consultation and co-governance 
surrounding land and environment (or governance in unceded territo-
ries) must be adhered to and upheld, in keeping with key tenets of the 
UN Declaration of the Rights of Indigenous Peoples (UNDRIP, 2007). As 
provinces and the federal government adjudicate land claims, and as 
modern day treaties are negotiated and renegotiated with First Nations, 
Métis, and Inuit governments across Canada, governance of mountain 
landscapes is shifting and evolving. 

As discussed in Mountains as Homelands, colonialism brought non-In-
digenous populations to Canadian mountain regions, which generated 
and continues to exert pressures in new ways—especially in the areas of 
governance, consultation, and overall viewpoints on who the mountains 
are for—or more specifically, who has the right and responsibility to 
guide the trajectory that mountain environments take in an era of envi-
ronmental change. Learning Circle participants—including members of 
the Blackfoot Confederacy Gabrielle Weasel Head (Kainaiwa Nation) and 
Elder Hayden Melting Tallow (Siksika Nation)—spoke extensively about 
the pervasive and ongoing effects of colonial dispossession, settlement, 
and extraction in mountain spaces. By actively excluding and suppress-
ing Indigenous governance and stewardship, they explained, the colonial 
model of land management resulted in fragmentation of the landscape, 
disrupted kinship relationships among people and other-than-human 
beings, and initiated a pattern of unsustainable extraction which contin-
ues to obstruct opportunities for a livable future for future generations 
in mountain places (LC 5.18, LC 5.19).

Dawn Saunders Dahl, Métis (Red 
River Ojibwe), 2022, LC 5.15
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Confederacy, 2022, LC 5.18
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Confederacy, 2022, LC 5.19
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Figure 5.10: A sequence of historical and repeat photographs from the Mountain Legacy Project (MLP) 
collections (http://explore.mountainlegacy.ca/) overlooking the town of Jasper from The Whistlers in Jasper 
National Park shows significant changes in land cover associated with the establishment of the Park and 
changes in governance. The original photograph (M.P. Bridgland, Dominion Land Surveyor) from 1915 
(top) depicts a patchy mosaic of mixed-age coniferous stands (A), and the early development of the town 
of Jasper (B). Small-scale farmsteads were established in the Athabasca Valley in the 19th century by Métis 
peoples, who were evicted from the Park after it was established in 1907; while not visible in these images 
there are legacies of these pre-Park activities on the landscape today (C). The first repeat photograph 
taken in 1998 by MLP crews (middle) shows much of the pre-existing patchwork has been replaced by 
dense, maturing coniferous stands (D), and the treeline ecotone has moved upslope (E). The town ex-
panded well beyond its 1915 outline. The subsequent repeat photograph also taken by MLP crews in 2022 
(bottom) shows the pervasive effects of a new disturbance, mountain pine beetle, as indicated by the red-
grey hue of dead pine stands (F). To mitigate increased fire risk, recent mechanical thinning projects have 
reintroduced some of the patchwork on the bench above the townsite (G).
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The UN Declaration of the Rights of Indigenous 
Peoples (UNDRIP) recognizes that Indigenous 
Peoples have a right to meaningful consultation 
and input into activities that occur in mountain 
environments, in both political-/socio-cultural 
spheres and economic spheres (UNDRIP, 2007). 
Indigenous Nations’ abilities to exercise these 
rights are complicated by the persistence in legal 
proceedings of colonial definitions of territorial 

boundaries and governing authorities, which 
are often incongruent with Indigenous laws and 
governance of their Traditional Territories in 
place since time immemorial (LC 5.20). It is clear 
from the literature that there has been increas-
ing engagement with Indigenous consultation 
surrounding mountain and mountain-adjacent 
environments, such as the Columbia River basin 
(Cohen & Norman, 2018; Cosens, 2012; Mouat, 
2016; Sandford et al., 2014); landmark legal cases 
asserting Indigenous rights to territories and re-
sources have considerably advanced the presence 
of Indigenous definitions of place in the context 
of Canadian law (Borrows, 1999, 2015; Christie, 
2005; Rosenberg & Woodward, 2015); and the pro-
liferation of Indigenous Protected and Conserved 
Areas (IPCAs) represents growing recognition of 
Indigenous stewardship rights (Plotkin, 2018; 
Zurba et al., 2019). Yet, the literature surrounding 

Daniel Sims, Tsay Keh Dene  
First Nation, 2022, LC 5.20

COMMUNIT Y-LED RECREATION PL ANNING IN SOUTHEAST BRITISH COLUMBIA

In British Columbia, use of public lands—which cov-
er 94% of the area of the province—has traditionally 
been governed through a series of regional-scale re-
source management plans. These plans were intend-
ed to set a strategic direction for use of the resources 
that surround mountain communities and drive their 
economies (Government of British Columbia, n.d.-a). 
Two decades have elapsed since many of these plans 
were completed, and the land management context 
has changed substantially. The provincial government 
is modernising its approach to land use planning in 
order to reflect current drivers of land management, 
including a commitment to reconciliation with In-
digenous Peoples (Government of British Columbia, 
n.d.-b). However, while the government works to de-
velop this process and repair foundational govern-
ment-to-government relationships with Indigenous 
Nations, land use pressures persist, leaving many 
communities seeking venues through which to take a 
more active role in setting a course toward a desir-
able future. 

Many such examples centre on use of public lands 
for recreation and adventure tourism. The Columbia 
Valley Recreation Planning Initiative is bringing local 
and Indigenous communities, the provincial govern-
ment, recreation groups, and land users together to 
develop a Recreation Strategy for public lands in the 

region. As a first step in the process, the groups col-
laborated to create a set of land use principles and 
ground rules that would guide plan development. 
The Shuswap Trails Alliance (and associated Regional 
Trails Roundtable and Trails Working Group) serves as 
a strategic meeting point for the various organisations 
involved in implementing a regional Trails Strategy. 
The strategy was developed in 2006 to unify various 
trail plans through a common focus on sustainability, 
inclusion, and health (Fraser Basin Council, 2019). 
The strategy was championed by the Secwepemc 
Nation, which continues to serve as lead govern-
ment partner of the initiative, ensuring that regional 
trail work upholds their traditional values while also 
respecting their rights and title (Nadeau & Rethoret, 
2021).

Multiple other examples exist, some of which were 
analysed by Nadeau and Rethoret (Nadeau & Re-
thoret, 2021) in an attempt to identify pathways and 
best practices for communities looking to engage in 
similar planning initiatives. Some of the best practices 
that emerged included developing meaningful part-
nerships with Indigenous governments, involving set-
tler governments early in the process, ensuring public 
interests are well-understood and incorporated, and 
securing adequate funding to both develop and im-
plement the plan.
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mountains in Canada still displays a lack of en-
gagement about the idea of what meaningful 
co-governance of mountain environments in 
Canada would look like. Absent this, as Gabrielle 
Weasel Head (Kainaiwa Nation, Blackfoot Confed-
eracy) suggests, the consequences could be dire 
for Indigenous sovereignty in mountain environ-
ments (LC 5.18).

Indigenous/settler conflicts and pressures are 
not the only socio-cultural pressures that occur 
in mountainous areas in Canada. The possibil-
ities for other sorts of friction points, including 
tensions between locals and outside companies/
actors also exist, such as questions surrounding 
mining, tourism, and other forms of economic 
development which occur in mountain environ-
ments. While the literature here is more robust 
and does a better job at outlining these poten-
tial conflicts, there is also a marked bias in the 
literature towards examples in western Canada 
versus other mountainous areas in the country 
(Chipeniuk, 2005; Hudson & Miller, 2005; Jamal 
& Getz, 1999; Needham & Rollins, 2005; Nepal, 
2008; Nepal & Jamal, 2011; Neumann & Mason, 
2019; Sadler, 1983; Saremba & Gill, 1991). While 
this points towards key conflicts that are occur-
ring in the West, such an emphasis also indicates 
consequential shortcomings in consideration 
of Indigenous/settler conflicts over economic- 
development pathways in other mountainous re-
gions in Canada.

Emerging Threats and Impacts on 
Mountain Systems
“Mountains are like people, they are always changing” 
—Tim Patterson, Lower Nicola Indian Band, Scw̓éxmx, 
Nlaka’pamux (Thompson) Nation (LC 5.21) 

The different pressures that are acting on moun-
tain regions in Canada have a compounding in-

fluence on a wide range of physical, ecological, 
and social systems. Sec. 5.7 to 5.11 elaborate on 
the changes that are documented within each 
of these systems and the cascading stresses and 
threats associated with these changes.

5.7 Threats and Impacts from a 
Changing Cryosphere 

5.7.1 Changes in snowpack

Snow cover change is typically diagnosed from 
in situ observations (Vionnet et al., 2021) and 
gridded blends of observations, analysis, and 
remote sensed products (Mudryk et al., 2018). As 
trends vary with elevation, estimated trends from 
coarse-resolution products can be more uncer-
tain in alpine regions than in others. Changes in 
air temperature and precipitation (Sec. 5.3) have 
had profound global impacts on the snow cover 
processes of high mountain catchments (Hock et 
al., 2019), and the majority of snow cover changes 
observed in the mountain regions of Canada have 
been reported in the high-mountain Cordillera 
and Pacific Maritime ranges (DeBeer et al., 2021). 
During the past several decades, western Canada 
has had a widespread reduction in spatial and 
temporal extents of snow cover, decreases in 
snow depth, and shorter snow-covered periods by 
1 to 2 months, generally due to earlier spring melt 
(Brown et al., 2020; DeBeer et al., 2021; Mudryk et 
al., 2018; Musselman et al., 2021). In the Boreal 
Cordillera, spring snow cover declines were ob-
served at elevations up to and above 5000  m 
a.s.l. (Williamson et al., 2018). As the seasonal 
change in melt and accumulation occurs, there 
is evidence that the seasonal distinction between 
accumulation and ablation is increasingly blurred 
(Musselman et al., 2021).

In the Atlantic region, no trends have been 
detected for snow-cover changes in the moun-
tains of the Gaspesie Peninsula (Fortin & Hetu, 
2014), but a south-north gradient of decreased 
maximum snow accumulations and spring snow 
cover duration was found in southern Quebec 
(Atlantic and Boreal Shield), with increases in 
maximum snow and spring duration in northern 
Quebec (Eastern Subarctic) (Brown, 2010). Satel-
lite data and ground observations point towards 
decreasing snow cover durations and maximum 
snow depths in the Arctic Cordillera (Brown et 

Tim Patterson, Lower Nicola Indian Band, Scw̓éxmx, 
Nlaka’pamux (Thompson) Nation Confederacy, 2022, LC 5.21
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al., 2021), especially for maritime locations (Cal-
laghan et al., 2011).

Warmer temperatures are a dominant cause 
of the snow cover extent decrease (Brown & 
Robinson, 2011). Increased air temperatures can 
enhance snowmelt due to an increase in available 
energy. Under continued warming, there is an 
increased likelihood of mid-winter melts (Mus-
selman et al., 2017). Midwinter melt can cause ice 
growth at the snow-soil interface of seasonally or 
permanently frozen soil and impact runoff pro-
cesses (Sec. 2.4; Marsh & Woo, 1984). However, a 
shift to earlier melt periods also means snowmelt 
occurs with lower available melt energy (López-
Moreno et al., 2013; Marsh et al., 2012; Pavlovskii 
et al., 2019). Counterintuitively, this then mani-
fests as slower snowmelt (Musselman et al., 2017; 
Pomeroy et al., 2015). 

Warmer temperatures also affect the phase 
of precipitation, and the transition from snow 
to rain drives significant changes in streamflow 
(Musselman et al., 2018). These transitions are 
particularly sensitive during warm air precipita-
tion (near 0°C) (Harder & Pomeroy, 2014; Jennings 
et al., 2018; Mekis et al., 2020) and at lower ele-
vations (Shea et al., 2021) with substantial spatial 
variability in the sensitivity of these transitions 
(Jennings et al., 2018). Widespread warming will 
increase rain-on-snow events at mid- to high-ele-
vation areas that are still covered by snow in the 
spring (Corripio & López-Moreno, 2017; McCabe 
et al., 2007; Musselman et al., 2018). 

Warmer temperatures can also affect the redis-
tribution of snow. Warmer, wetter, and older snow 
is less susceptible to blowing snow transport (Li & 
Pomeroy, 1997) and therefore reduced sublima-
tion loss and transport. In a study in the Montane 
Cordillera, Pomeroy et al. (2015) found that a 
warming of 5°C reduced blowing snow trans-
port by up to 50%, and decreased sublimation 
by 30%. The change in snow cover distribution 
then impacts the rate and timing of ablation 
(Debeer & Pomeroy, 2017). The impact of warm-
ing snow covers on avalanche formation remains 
an open question (Strapazzon et al., 2021). How-
ever, there is evidence for decreased mid-winter 
low-elevation avalanches and an increase, even 
in mid-winter, in the occurrence of wet-snow 
avalanches (Strapazzon et al., 2021). Elder Gùdia 
Mary Jane Johnson, Lhu’ààn Mân Ku Dań, also 
described an increase in sloughing activity as a 

consequence of climate change and melting per-
mafrost, which presents significant hazards for 
people travelling on the landscape (LC 5.22).

Warmer and wetter snow intercepted in the 
forest canopy is more likely to quickly unload and 
fall to the ground as the retention of intercepted 
snow is highly temperature dependent (Ellis et al., 
2010; Lundquist et al., 2021) despite snowfall in-
terception efficiency being generally insensitive 
to air temperature (Hedstrom & Pomeroy, 1998). 
Snow that is intercepted by the forest canopy is 
prone to high sublimation rates (Pomeroy et al., 
1998). However, the phase of this unloading is 
somewhat unclear, and may be from meltwater 
in the canopy (i.e., liquid) or solid snow/ice cover 
(Lundquist et al., 2021). Increases in air tempera-
ture can result in snowmelt under the canopy 
to become more long-wave radiation dominated 
(Lundquist et al., 2013).

Patches of late-lying or perennial snow and ice 
are used by caribou for seeking relief from flies 
and for cooling during warm summer days (Ion 
& Kershaw, 1989). Correspondingly, their reduc-
tion and disappearance can influence animal 
behaviour. Alpine perennial snow patches, small 
ice bodies without significant movement, are sub-
ject to permafrost conditions and can therefore 
preserve organic materials for thousands of years 
(Andrews & MacKay, 2012). A marked reduction 
in snow- and ice-patch area has been found in 
Canada and Europe (Farnell et al., 2004; Ødegård 
et al., 2017), both leading to the exposure of valu-
able archeological artefacts and to fears about 
their accelerated loss.

Projected changes in snow regime in the Mon-
tane Cordillera have been synthesised by DeBeer 
et al. (2021). Over the coming decades, climate 
warming will result in a shift of precipitation from 
snow to rain, especially noticeable during shoul-
der seasons, at lower elevations, and in southern 
regions, as well as more frequent rain-on-snow 

Gùdia Mary Jane Johnson, Lhu’ààn Mân  
Ku Dań, 2022, LC 5.22
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events, warmer and wetter snow, more mid-win-
ter rainfall and melt events, and earlier spring 
melt and snow cover depletion. Future snow re-
gimes are expected to see similar shifts for the 
Pacific Maritime region, with earlier onset of 
snowmelt and a shift towards rain-dominated re-
gimes especially noticeable for lower elevations 
(Islam et al., 2017; Schnorbus et al., 2014; Sobie 
& Murdock, 2022). Recent change and projected 
future change varies strongly with elevation, so 
projected changes in snow storage dynamics have 
a large spatial variation. Spatial and elevation 
gradients in precipitation and snowpack and how 
they will change are not well quantified.

The Arctic as a whole is expected to see 
declines in snow cover (5–10%/decade) and max-
imum snow accumulations (10% per decade) by 
2050 (Mudryk et al., 2018). Mountain regions of 
eastern Canada (Eastern Subarctic and Atlantic 
Maritime and Boreal Shield) are also expected 
to see declines in snow cover duration and max-
imum snow accumulations, with greater impacts 
near the coast (McCrary et al., 2022). 

Trends in snow-cover extent, duration, and 
SWE observed across Canadian mid-latitudes 
in recent decades are expected to continue and 
possibly speed up in the coming decades (Aygün 
et al., 2020). The projected future trends depend 
on the climate scenarios and climate model used, 
the snow modelling scheme used, and the study 
area. Despite the predominant signal of an over-
all predicted decrease in snow regime metrics 
across mid-latitude cold regions, some studies 
have projected asymmetric changes in SWE de-
pending on the current temperature regime. 
For example, while an overall decrease in SWE 
is projected for three river basins in British Co-
lumbia, with the largest reductions found in the 
Campbell River basin where cold seasons tem-
peratures are already close to the freezing level, 
SWE is projected to increase at higher elevations 
in the Upper Columbia River basin, as precipita-
tion increases while cold-season temperatures 
remain below freezing (Schnorbus et al., 2014). 
However, projections of future precipitation and 
phase partitioning are uncertain at local scales 
due to the uncertainty associated with EDW, the 
lack of high-elevation data to assess precipitation 
in climate models, and the high spatio-temporal 
variability in precipitation. This limits our capac-
ity to assess future changes in SWE. Sensitivity 

analysis, where a possible change in precipitation 
and temperature is applied to current weather to 
simulate future conditions, can provide insight as 
to how snow regimes may change in response to 
climate change (Rasouli et al., 2015).

5.7.2 Changes to glaciers

Multiple studies have estimated rates of past 
and current glacier area and volume change in 
mountain ranges in Canada. These include global 
assessments (Hugonnet et al., 2021; Pfeffer et 
al., 2014) to regional studies (Bolch et al., 2009; 
Menounos et al., 2019) and to specific mountain 
ranges such as the Canadian Rockies (Henoch, 
1971; Tennant et al., 2012; Tennant & Menounos, 
2013, DeBeer and Sharpe, 2007), the Torngats 
(Barrand et al., 2017; Way et al., 2014, 2015), the 
Cariboos (Beedle et al., 2015), the St. Elias Moun-
tains (Clague & Evans, 1993; Flowers et al., 2014), 
the Canadian Arctic Archipelago (Dowdeswell 
et al., 2007; Thomson et al., 2011), and southern 
Baffin Island (Svoboda & Paul, 2009). There are 
also visual comparisons from repeat photography 
that help illustrate the change (Sansaverino et al., 
2016). 

Overall, there is large agreement that glaciers 
in Canada are shrinking and losing area, volume, 
and mass (Gardner et al., 2013; Hugonnet et al., 
2021; Schiefer et al., 2007; Wouters et al., 2019), and 
that rates of glacier thinning and area change are 
accelerating. Long-term mass balance estimates 
from models and observation data show sustained 
mass loss since the 1960s in Arctic Canada (Noël 
et al., 2018; Sharp et al., 2011), the Pacific Cordil-
lera and Montane Cordillera (Menounos et al., 
2019; Moore & Demuth, 2001; Pradhananga et al., 
2021; Shea et al., 2013), and the Boreal Cordillera 
(Barrand & Sharp, 2010; Chesnokova et al., 2020). 
Comparisons between individual approaches and 
studies are challenging as the time periods and 
study regions are rarely consistent. 

Rates of glacier mass change, calculated from 
repeat digital elevation models derived from 
spaceborne remote sensing, have been published 
for all mountain glaciers using the common 
period 2000–2019 (Hugonnet et al., 2021). Here, 
we extract the average rate of glacier mass 
change over the period 2000–2019 for all glaciers 
in the individual mountain regions, and calculate 
regional averages (Fig. 5.11). 
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Average rates of glacier mass change (ex-
pressed as metres of water equivalent [m w.e.]) in 
mountain ranges in Canada are consistently neg-
ative, and vary between -0.36 and -0.56 m w.e. yr-1. 
Also known as specific mass balance, these rates 
can be thought of as the average annual thinning 
(when negative) or thickening (when positive) 
over the glacier area. The highest average thin-
ning rates in Canada are found in the Eastern 
Subarctic, Boreal Cordillera, and Montane Cordil-
lera regions. The rates of mass change in Canada 
for the period 2000–2019 are less negative than 
those observed in Alaska, Iceland, New Zealand, 
and Central Europe, but more negative than in 

Central Asia and the Russian Arctic (Hugonnet et 
al., 2021).

The specific mass balance differs from the total 
mass balance or mass change, which is calculated 
from the specific mass balance times the glacier 
area. Due to its extensive glacierized area, the 
Arctic Cordillera experienced the greatest mass 
loss in Canada over the last two decades. From 
2000–2019, glaciers in Canada lost ~2.2 million 
cubic kilometres of ice, for a total mass loss of 
~1900 GT, which is enough to raise global average 
sea level by 5 mm. 

As the current total glaciated area in west-
ern Canada is greater than what was present 
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Figure 5.11: Rates of glacier mass change across Canada between 2000 and 2019, expressed in metres of water 
equivalent. Each dot represents an individual glacier. Data from Huggonet et al., 2021.
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7000–8000 years ago at the peak of deglaciation 
(Briner et al., 2016; Menounos et al., 2009), gla-
cier changes today reveal landscapes and cultural 
practices frozen in time. An 8000-year history of 
caribou harvesting on Thandlat mountain, for 
instance, was recently exposed in the southern 
Tutchone territory of Kluane National Park due 
to glacier retreat (Cruickshank, 2005). 

Projections of future glacier change in Canada 
are limited. In a regional simulation of glacier re-
treat across western Canada, Clarke et al. (2015) 
found that by 2100, glaciers of the western Ca-
nadian Cordillera will experience ~70% (RCP2.6) 
to ∼95% (RCP8.5) reductions of both area and 
volume, relative to 2005 values. Only a few gla-
ciers are predicted to remain in the Interior and 
Rocky Mountain regions by the end of the 21st 
century. For example, Haig Glacier, located on the 
eastern slopes of the Canadian Rockies, is esti-
mated to completely disappear by 2080 (Adhikari 
& Marshall, 2013). South of the Canadian Rockies, 
glaciers of the Blackfoot-Jackson Basin of Glacier 
National Park, in Montana, are expected to com-
pletely disappear by 2030 (Hall & Fagre, 2003). 
On the other hand, coastal maritime glaciers, 
in particular those in the northwestern Coast 
Mountains of British Columbia, are predicted to 
survive but in a diminished state (Clarke et al., 
2015). Estimates of glacier mass loss by 2050 are 
not sensitive to the climate scenario used in the 
simulation, but the extent of glacier retreat in the 
second half of this century depends on the mag-
nitude of ongoing climate change. 

There are no comparable studies for the glacier-
ized regions of other mountain ranges in Canada, 
but estimates can be obtained from global stud-
ies. For example, Shannon et al. (2019) assessed 
global glacier volume change relative to 2011 con-
ditions under the RCP8.5 climate change scenario. 
Within their global scenario, they project a com-
plete (100%) retreat of glaciers in western Canada 
and a decline of 47 ± 3% for glaciers and ice caps 
in Arctic Canada, with the survival of these ice 
masses linked to an increase in snowfall relative 
to the present day. Estimates for these regions are 
consistent with global studies from Huss & Hock 
(2018) and Radic & Hock (2014). 

While these large-scale studies of glacier evo-
lution over the upcoming decades provide a 
consistent overview of glacier behaviour, they 

do not include local phenomena and various 
glaciological and climate processes that could 
either accelerate or slow down the retreat of in-
dividual glaciers, which limits their usefulness 
for local, basin-specific adaptation. Large-scale 
models often employ simplified melt models, for 
instance, rather than a full description of surface 
energy balance processes. Effects of katabatic 
winds, changing cloud cover, snow avalanching 
and redistribution, and many other local pro-
cesses are complex and are not resolved at large 
scales, so are commonly neglected. 

As a specific example, realistic representations 
of glacier albedo and its evolution over space and 
time are rarely included in models. Wildfire ac-
tivity can lead to the deposition of soot on the 
glacier surface, and increase surface melt through 
a reduction in surface albedo (Aubry-Wake et 
al., 2022; Keegan et al., 2014; Marshall & Miller, 
2020). Williamson & Menounos (2021) show that 
mountain glacier albedo is declining across North 
America, and the decline is correlated not only 
with rising temperature but also with the depo-
sition of soot from wildfires. Aubry-Wake et al. 
(2022) found that glacier albedo at Athabasca Gla-
cier in the Canadian Rockies gradually decreased 
after the onset of regional wildfires, and re-
mained low for two years. Forest fire occurrence 
in western North America is increasing, in part 
due to warmer spring and summer temperatures 
and earlier snowmelt (Gillett, 2004; Westerling et 
al., 2006), and future fire activity under climate 
change scenarios is projected to increase extreme 
fire danger (Abatzoglou et al., 2019; Bedia et al., 
2014; Stocks et al., 2003). Understanding the link-
age between wildfire activity and glacier melt will 
be important to improve predictions of glacier 
melt. 

Alpine glacier terminus collapses are also be-
coming a common sight on glaciers, and are 
attributed to the collapse of subglacial channels 
in combination with ice thinning and reductions 
in ice flux (Egli et al., 2021; Stocker-Waldhuber et 
al., 2017). Large blocks of ice are lost during such 
collapses, but this calving process is rarely ac-
counted for in mass balance estimates of alpine 
glaciers. While most reports of these processes 
are in the Alps, similar features have been ob-
served in western Canada. A related phenomenon 
that has been studied for Alberta’s Columbia 
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Glacier is glacier detachment (Rippin et al., 2020). 
Glacier detachment and subsequent fragmenta-
tion lead to loss of ice supply to lower reaches of 
the glacier, which can then become stagnant. The 
remnants of the glacier tongue then waste away 
over a period of years to decades. This process 
seems to be underway for other glaciers of the 
Columbia Icefield as well. 

Where the lower glacier is heavily debris-cov-
ered, it can be insulated from the sun and warm 
air, allowing the remnant ice to persist much 
longer. Many glacierized regions in Canada fea-
ture relict/buried ice or ice-cored moraines of 
this type, which are slowly melting and subsiding 
but may well outlive the main glacier that used 
to nourish them. Wenkchemna Glacier, behind 
Moraine Lake in the Canadian Rockies, is a good 
example of this kind of feature (Gardner, 1987), 
but buried ice and ice-cored moraines are wide-
spread (e.g., Hayashi, 2020; Langston et al., 2011). 
These types of buried ice at the edge of the gla-
cier can lead to instability and mass wasting in 
the marginal area of the glacier, as observed for 
Boundary Glacier (Mattson & Gardner, 1991).

Glacier retreat opens new terrain for proglacial 
development, a change already occurring globally 
(Shugar et al., 2020). A proglacial lake appeared 
in 2006 at Peyto Glacier in the Canadian Rockies, 
and has continuously expanded in concert with 
ongoing glacier retreat (Pradhananga et al., 2021). 
New proglacial lake development as glaciers re-
treat were also observed by Geertsema and Clague 
(2005) at the Tulsequah Glacier in northwestern 
British Columbia. The presence of proglacial 
lakes can impact glacier retreat by increasing 
ice volume loss through calving. There has been 
an increase in the number of studies examining 
the response of lake-calving glaciers to climate 
change, but limited studies focus on Canadian gla-
ciers (Chernos et al., 2016). Overall, a combination 
of growing proglacial lakes and thinning glaciers 
is likely to enhance calving rates and accelerate 
glacier retreat. Proglacial or subglacial lake devel-
opment is also linked to hazards such as glacier 
lake outburst floods (Clague & Evans, 1997).

Glaciers are also spaces of human connectivity 
and identity, with particular historical significance 
for Indigenous communities in the montane west 
and north (Cruikshank, 2005b). Many human sys-
tems such as agriculture, fisheries, hydropower, 
potable water, recreation, spirituality, and demo-

graphy adjacent to and beyond the glacierized 
regions of the mountains in Canada are impacted 
as glaciers progress towards near-complete dis-
appearance (Carey et al., 2017; Drenkhan et al., 
2022; Milner et al., 2017). In addition to threat-
ening water resources by decreasing streamflow 
in summer, glacier retreat increases the risk of 
natural hazards affecting mountain communities, 
especially glacial lake outburst floods (Frey et al., 
2010). Glacier retreat also impacts biochemical 
processes in alpine lakes and streams (Milner et 
al., 2017). As agents of erosions, glaciers deliver 
sediments and nutrients downstream (Hood et al., 
2015; Hudson & Ferguson, 1999). They also help 
to maintain cooler temperatures in glacier-fed 
lakes and streams, supporting aquatic ecosystems 
and fish habitat that are adapted to these condi-
tions (Lencioni et al., 2015; Milner et al., 2001). 
Glaciers, as hotspots of mountain recreation and 
tourism, provide opportunities for visitors to the 
mountains to engage with the consequences of 
anthropogenic climate change. As they continue 
to retreat, so too do these educational and en-
gagement opportunities. 

5.7.3 Changes in permafrost

“In the north we have permafrost. It’s melting at a rate that 
we can’t even keep monitors in it without them starting 
to sink away.”—Brandy Mayes, Kwanlin Dün First Nation, 
Yukon (Boreal Cordillera) (LC 5.23).

Permafrost in Canada is warming and thaw-
ing (Biskaborn et al., 2019; Derksen et al., 2018), 
though few long-term borehole temperature re-
cords exist in mountains, and there, even fewer 
above the valley floors, to quantify the rate of 
warming (Gray et al., 2017). As Elder Mary Jane 
Johnson, Lhu’ààn Mân Ku Dań First Nation, and 
Brandy Mayes, Kwanlin Dün First Nation stated, 
Indigenous Knowledge Holders are keenly aware 

Brandy Mayes, Kwanlin Dün  
First Nation, 2022, LC 5.23
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of ongoing permafrost thaw, which has serious consequences for build-
ings, roads, and infrastructure, in addition to the increased risk of mass 
movements in the mountains (LC 5.24, LC 5.25). Wanda Pascal of the 
Teetl’it Gwich’in Nation also highlighted the implications of mountain 
permafrost thaw and other climate change-related hazards for the safety 
of using traditional trails in mountain areas, describing a large sinkhole 
she and her grandson encountered while travelling in her Traditional 
Territory (LC 5.26).

Because air temperature is the major driver of permafrost change, 
most permafrost in mountains in Canada will undergo warming during 
and beyond the 21st century, with stronger consequences expected for 
higher greenhouse gas emission scenarios (Hock et al., 2019). Permafrost 
warming is usually accompanied by permafrost thaw, the loss of some or 
all of the ice in a volume of ground. For example, when the active layer, 
which freezes and thaws seasonally, thickens, some part of the under-
lying permafrost will thaw during summer. This may lead to a lowering 
of the ground surface, or to landslides. Alternatively, if temperatures 
many metres deep gradually approach 0°C, the proportions of ice and 
water present in soil change. Less ice and more water in the soil reduce 
its mechanical stability and make it more permeable for water. As a con-
sequence, a location can be underlain by thawing permafrost for a long 
time while impacts arising from the gradual loss of ice in the ground de-
velop and persist. This can include impacts on ecosystems, water quality, 
geohazards, and livelihoods. Some are easily visible, such as the retro-
gressive thaw slumps of the Peel plateau (Kokelj et al., 2021), whereas 
many others, such as impacts on food security (Calmels et al., 2015) are 
gradual and often hidden from view.

Permafrost in mountains, its changes, and related impacts have 
been observed and studied in more detail in the European Alps and in 
the Scandes. While climate, geology and human interaction with the 
land are different in Europe, some inference about permafrost change 
in mountains in Canada, and its consequences, can be made based on 
this research (similar to the inference in Gruber et al. (2017). Permafrost 
thaw will affect sediment budgets and geohazards, hydrology, water 
quality, and ecosystems. The specific character and diversity of impacts 
and the pathways connecting climate to permafrost to physical impacts 
to impacts on people in Canada (for example as reduced food security 
and health) are important gaps in research. 

Anticipating future impacts often relies, in part, on computer simu-
lations. While coarse-scale Earth-system model simulations agree on a 
global reduction of permafrost extent and volume (Fox-Kemper, 2021) 
with further climate change, the regional and topographic patterns 
of these changes in mountains can only be understood with high-res-
olution simulations that are not currently available for mountains in 
Canada, except in few limited studies (e.g., Bonnaventure & Lewkowicz, 
2011; Way et al., 2018). Methods for simulating permafrost change in 
mountains exist and their application in Canada is underway (Sec. 2.3.3).

The very sparse monitoring, the lack of simulation products for 
informing the assessment of (future) hazard regimes related to perma-
frost, and the near absence of research that explicitly considers how 
mountain topography affects permafrost and its change are important 

Brandy Mayes, Kwanlin Dün 
First Nation, 2022, LC 5.25

Wanda Pascal, Teetl’it 
Gwich'in, 2022, LC 5.26
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Lhu’ààn Mân Ku Dań, 

2022, LC 5.24
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gaps in knowledge about permafrost in moun-
tains in Canada. In a 2014 workshop (Gruber et al., 
2015), experts from diverse fields in science and 
engineering found that little was known about 
permafrost in the mountains of Canada and that 
research and public perception in Canada were 
biased towards lowland areas. Likely, this is due 
to the concentration of infrastructure and settle-
ments in valleys or in gentle terrain, and to easier 
access on gentle slopes. It is, therefore, not sur-
prising that in much of the literature cited in this 
assessment, research on permafrost in mountains 
in Canada does not investigate the influence of 
mountain topography on permafrost. As a con-
sequence, our ability to understand permafrost 
environments in mountains in Canada, and to an-
ticipate their future changes is severely limited. 

5.8 Threats and Impacts from 
Changing Water Resources 

5.8.1 Changes in water supply

Hydrological change in the mountains of Canada 
has been studied on multiple time scales. Over 
centuries to a few millennia, hydrological changes 
are recorded in the sediments of mountain lakes 
and valleys (Desloges & Gilbert, 1998; Desloges & 
Gilbert, 1995; Heideman et al., 2018; Menounos & 
Clague, 2008; Schiefer et al., 2011; Wilkie & Clague, 
2009; Wolfe et al., 2011), and in tree rings (Fleming 
& Sauchyn, 2013; Hart et al., 2010a, 2010b; Mood 
& Smith, 2021; Sauchyn et al., 2015). Sediment 
cores from Lake Athabasca indicate that the last 
several hundred years have been a period of rela-
tively high water availability in the Montane and 
Boreal Cordilleras, subsidised by glacier retreat 
since the end of the Little Ice Age around 150 
years ago. Lake levels 2000–5000 years ago may 
have been 2–4 m lower than present (Wolfe et al., 
2011). Paleoclimate reconstructions from tree-
rings in the Oldman and South Saskatchewan wa-
tersheds indicate that droughts in the montane 
Cordillera had similar frequency but greater se-
verity in the pre-instrumental period (before we 
measured precipitation and streamflow) back to 
1400 years before present (Axelson et al., 2009). 
A tree ring reconstruction for two rivers near 
metro Vancouver in the Pacific Maritime moun-
tain region found that more multi-year low-flow 

conditions occurred recently (1992 to present) 
than the pre-instrument reconstruction period 
from 1711–1992 (Mood & Smith, 2021). The Pa-
cific Decadal Oscillation has a marked influence 
on these long-term hydrological proxy records 
(Hart et al., 2010b).

Over recent decades, the volume and timing 
of water flowing down from the mountains in 
Canada has changed as the climate changes. Rood 
et al. (2005) found decreasing annual streamflows 
in the southern Canadian Rockies over the last 
century. However, these changes are not applied 
equally over the year. While late summer stream-
flows were declining, winter streamflow was 
found to be increasing due to more frequent rain 
or snowmelt events. The hydrological changes ex-
perienced in individual mountain regions depend 
on the basin characteristics, and whether they 
are dominated by glacial melt or snow. 

In mountains where glaciers are present, long-
term trends in streamflow are often tied to the 
concept of “peak water.” As glaciers retreat, they 
initially produce more meltwater, causing a grad-
ual increase in streamflow. As glaciers continue 
to retreat, they cross an area threshold, which 
results in an overall decrease in glacier melt con-
tribution to streamflow. This decrease is expected 
to be especially noticeable in late summer flow, 
when glacier melt contributions are at the high-
est but other sources of water, such as rainfall and 
snowmelt, are reduced (Clarke et al., 2015). The 
point at which a glacier switches from increasing 
to decreasing melt contribution is termed “peak 
water,” and this signal helps assess how glacier 
contribution to streamflow is evolving over time. 

Multiple studies have observed decreasing 
trends in streamflow from glacierized water-
sheds in central and southern British Columbia 
and in southwestern Alberta which implies that 
peak water has passed in this region (Bliss et al., 
2014; Casassa et al., 2009; Demuth et al., 2008; 
Rood et al., 2005; Stahl et al., 2008; Stahl & Moore, 
2006). However, conflicting evidence highlights 
the complexity of these systems. For example, 
both Clarke et al. (2015) and Moore et al. (2020) 
predicted a peak water for the Columbia River 
headwaters near 2020, and Moyer et al. (2016) 
suggested that Bridge Glacier was near or at peak 
water, contradicting the decreasing trend ob-
served in southern Alberta and British Columbia. 
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Similarly, Naz et al. (2014) did not identify a sig-
nificant trend in annual or summer glacier melt 
for the Bow River above Banff from 1891–2007. 

A few studies have sought to project future 
streamflow conditions in glacial watersheds 
using hydrological models. Chernos et al. (2020) 
estimated that peak water would occur mid-21st 
century, along with a decrease of up to 58% in 
late summer streamflow by 2100 for the Upper 
Athabasca River basin. Marshall et al. (2011) pro-
vided an estimate of future glacier contribution 
to streamflow on the eastern side of the Canadian 
Rockies using a statistical analysis of past con-
ditions, finding a near disappearance of glacier 
volume by the end-of-the-century and a strong 
reduction in late summer flow. As glacier melt 
helps to buffer streamflow variability, both at 
the inter-annual, seasonal scale and at the event 
scale, the predicted glacier retreat will leave 
downstream environments more vulnerable to 
hot and dry periods (Fig. 5.12).

While many studies observe and/or project 
declining late summer streamflow in glaciated 
mountains in Canada, these trends become harder 
to detect—or may even show contradictory 
changes—in smaller catchments. This is because 
streamflow is controlled by more than just glacier 
change, and multiple processes and interactions 
occur within a watershed that can enhance or di-
minish observable changes in streamflow. 

Hydrological changes are also occurring in 
snow-dominated mountain watersheds, with and 
without glaciers. DeBeer et al. (2016) conducted 
a review of hydrological changes for the interior 
of western Canada, within the Montane Cordil-
lera. They found statistically significant declines 
in annual flows for smaller river basins, including 
those draining the eastern slopes of the southern 
Canadian Rockies. However, they do not distin-
guish between mountain and prairie landscapes 
in their synthesis. Furthermore, the timing of 
peak snowmelt runoff is shifting earlier in the 
year (Aygün et al., 2020a; DeBeer et al., 2016; 
Zhang et al., 2001). The magnitude of peak runoff 
either shows no significant trend or a negative 
trend, typically attributed to decreased snow 
accumulation due to a shift from snow to rain. 
This is supported by (Cunderlik & Ouarda, 2009), 
who find that annual peak flows are constant or 
declining in much of western Canada. Addition-
ally, some natural hydrographs are exhibiting a 
decline in late summer flows, and an increase in 
winter flows (Rood et al., 2008; Zhang et al., 2001), 
attributed to lower melt contributions in late 
summer and increased winter streamflow from 
increased winter rainfall and snowmelt. 

Downstream effects from Arctic mountain re-
gions are also impacting northern communities. 
Mountains are drivers of weather, the sources 
of rivers and sediment, and create aquatic en-

Figure 5.12: Change in simulated streamflow in the Peyto Glacier Research basin, for heavily glacier-covered (50% in 
2005) and near complete glacier retreat (3% glacier-cover in for the 2085–2100 period) under an RCP 8.5 scenario. 
Adapted from Aubry-Wake et al., 2023. 
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vironments that support cold-water ecological 
habitats. While in some of the mountains of Arctic 
Canada the human footprint is limited, changes 
occurring in the mountains do affect downstream 
communities and aquatic ecosystems. Changes to 
snowpacks and glaciology across the mountains 
of Baffin Island, and other islands in the Eastern 
Arctic may alter char fisheries in low-elevation 
coastal rivers and streams, with consequences 
for the livelihoods of Inuit communities who fish 
there.

Although hydrological research in the Montane 
Cordillera has established that groundwater is 
an important, sometimes dominant, contributor 
to low-flows (e.g., Hayashi, 2020) and references 
therein; see Chapter 2), there is little informa-
tion on how groundwater storage and discharge 
are changing across the mountains in Canada. The 
drivers of mountain surface hydrological change 
have implications for groundwater dynamics 
too. In particular, groundwater recharge may 
be changing as snowmelt occurs earlier in the 
year, and higher temperatures cause increased 
evapotranspiration. In colder/higher mountains, 
changes in glacier melt and permafrost are likely 
to alter groundwater dynamics (Somers & McK-
enzie, 2020). One of the only Canadian studies on 
this topic found slightly declining late-summer 
groundwater levels in British Columbia observa-
tion wells over 20–30 years of observation (Allen 
et al., 2014). This presents a substantial research 
gap in our understanding of mountain water re-
sources in canada and improved observation well 
coverage would be an asset to advancing our 
understanding. 

Observed changes in flood or drought fre-
quency are difficult to establish due to their 
infrequent occurrence and typically poor quality 
data (Whitfield, 2012). For the Bow River at Banff, 
a well-studied and long-term mountain hydro-
metric station, Whitfield & Pomeroy (2016) found 
a significant negative trend for all floods over the 
last 100 years. However, when distinguishing be-
tween generation processes (either rain on snow 
or snowmelt), no trends were detected. Increas-
ing extreme precipitation and flooding events are 
expected in western mountain regions in Canada 
as the atmosphere continues to warm (Pacific 
Climate Impacts Consortium, 2021). Landscape 
changes can compound climate-driven changes 
in flooding intensity. For example, catchments 

disturbed by wildfire experience significantly 
higher peak flows than undisturbed catchments 
in the eastern Rocky Mountains (Mahat et al., 
2016). Learning Circle participant Brandy Mayes 
(Kwanlin Dün First Nation) described experienc-
ing higher flood frequency and intensity in the 
Yukon River Basin: 

In the last couple of years, Whitehorse and 
the Yukon has had more snow and rain than 
we’ve ever had. And we used to be a very 
dry climate. And they figure it’s because 
the oceans are warming and creating more 
precipitation in our environment because it 
flows through this whole valley. This year, 
some areas are 180% more snow than ever 
historically recorded. And we’re all pre-
paring for floods—big time. We got flooded 
last year, in some areas really badly and 
this year they figure it’s going to be worse 
[....] We’d call that part of climate change 
and how it’s affecting our environment.” 
(LC 5.27)

The trends observed in glacier-free, snow-dom-
inated basins are expected to continue in the 
coming decades, with earlier snowmelt and 
higher winter flows. These shifts will be more 
pronounced in regions near the freezing tempera-
ture than in very cold regions (Aygün et al., 2020; 
Barnett et al., 2005; Rasouli et al., 2019; Stewart et 
al., 2004). This means that low elevation mountain 
basins are more susceptible to climate change. 
The predicted change in magnitude of peak snow-
melt streamflow is not consistent across studies, 
due to the high sensitivity to the winter precipi-
tation phase under a warmer climate (Minville et 
al., 2008; Wang et al., 2016). Snowmelt rates are 
also expected to change. In the “slower snowmelt 
in a warmer world” hypothesis, Musselman et al. 
(2017) suggested that shallower snowpack will 

Brandy Mayes, Kwanlin Dün  
First Nation, 2022, LC 5.27
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A’Ą̈Y CHÙ’ (SLIMS RIVER) DIVERSION, KLUANE NATIONAL PARK AND RESERVE,  
YUKON TERRITORY

Glacier retreat is one of the most visual manifestations of 
global climate change, with well-documented impacts on 
water supply in mountain areas. In Kluane National Park 
and Reserve, Yukon Territory, the retreat of Kaskawulsh 
Glacier has led to an even more profound impact on gla-
cial runoff: water diversion to an entirely different drain-
age system (Clague & Shugar, 2023).

Kaskawulsh Glacier is one of the largest glacier 
systems in Canada, spanning a total area of about 
1095 km2 (Foy et al., 2011). A vast accumulation area in 
the St. Elias Icefields feeds several tributary glaciers which 
converge to create the main trunk of the Kaskawulsh, 
which is about 70 km in length. Like most glaciers in 
Canada, the Kaskawulsh has been thinning and reced-
ing, and in May 2016, retreat of the Kaskawulsh terminus 
passed a drainage divide and resulted in an episodic shift 
in meltwater routing from a northward direction, via A’ą̈y 
Chù—the Slims River—to a southern drainage route into 
the Alsek River system. A’ą̈y Chù feeds Lhù’ààn Mân’ (Klu-
ane Lake) and the Yukon River system, so this drainage 
reorganisation means that the vast amount of meltwater 
running off from the Kaskawulsh system is now routed to 
the North Pacific Ocean south of Dry Bay, Alaska, rather 
than the Bering Sea (Shugar et al., 2017).

This water piracy event has hydrological and eco-
logical impacts that are still evolving (McKnight et al., 
2021). The level of Lhù’ààn Mân’, Yukon’s largest lake, 
has dropped by more than 2 m and A’ą̈y Chù is largely 

dried up. In combination with decades of fine silt and 
sediment deposition from the glacier runoff in this valley, 
this aridification and exposed sediments along the lake 
shore have created a large reservoir of readily-mobilised 
dust. The region experiences persistent, often gusty, ka-
tabatic winds from the St. Elias Icefields which are chan-
nelled down A’ą̈y Chù, generating frequent dust storms 
with significant air-quality impacts on the southern shores 
of Lhù’ààn Mân’ (Bachelder et al., 2020).

Changes in the level of Lhù’ààn Mân’, reduced inflow, 
and greater wind-blown sediment are having impacts on 
lake ecology and access to the lake for fishing activities. 
There are also direct impacts of dust storms on air quality 
and visibility for residents of Kluane First Nation (e.g., 
Figure 5.13), as described by Elder Mary Jane Johnson, 
Lhu’ààn Mân Ku Dań First Nation (LC 5.28).

Figure 5.13: A dust storm at the A’ą̈y Chù (Slims River) inflow to Lhù’ààn Mân’ (Kluane Lake) in August 2018. Photo by 
Gertrudius, CC-BY-SA 4.0.

Gùdia Mary Jane Johnson, Lhu’ààn Mân  
Ku Dań, 2022, LC 5.28
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melt earlier and more slowly compared to deeper 
and later-lying snowpacks. This is due to declin-
ing snow-covered areas and a snowmelt season 
shifting toward earlier periods with lower avail-
able energy. No consistent signal is expected for 
summer streamflow in snow-dominated basins: 
increased evapotranspiration could result in a 
decrease in summer flows, but increased precip-
itation could also lead to an increase in flow. 

These predicted changes are exemplified by 
the snow-dominated Saint Charles River basin 
with headwaters in the hills of Charlevoix, QC, 
studied by Cochand et al. (2019). In the basin, 
winter stream discharges are predicted to in-
crease by about 80, 120, and 150% for low, medium 
and high emission scenarios due to warmer win-
ters, leading to more liquid precipitation and 
more snowmelt, for the 2071 to 2100 period com-
pared to 1970–2000 period. The summer stream 
discharges were predicted to fall by about 10, 15, 
and 20% due to earlier snow-melt runoff and an 
increase in evapotranspiration. The annual mean 
stream discharge showed little change. Addition-
ally, intense rain events on frozen ground could 
cause more frequent high winter flows in the 
future. 

Similar changes were discussed by Rasouli et 
al. (2019) in a study of the hydrological response 
to climate change in three mountain basins in 
the mountain west. They projected an increased 
rainfall fraction of precipitation, and a hydrolog-
ical regime shifting towards rainfall dominated, 
with the largest shifts in basins that are currently 
warmer. Annual streamflow did not change de-
spite an increase in precipitation, as reductions 
in snow sublimation and increased evapotranspi-
ration offset the changes in precipitation. 

In addition to retreating glaciers, shifting 
precipitation phase and volume, increasing tem-
peratures and evapotranspiration, the mountain 
landscape is also evolving. Changing land cover 
complicates the predictions of how water will be 
stored and flow in the upcoming decades. For ex-
ample, the growth of proglacial lakes as glaciers 
retreat increases water storage in the basin, po-
tentially increases evaporation, and influences 
the streamflow temperature (Bird et al., 2022). 
Vegetation colonisation of recently deglaciated 
areas also changes the hydrological functioning of 
the basin by increasing evapotranspiration (Car-
nahan et al., 2019). The primary succession and 

soil development in the proglacial environment 
has been well-studied, with multiple case stud-
ies in varied glacierized environments (Burga et 
al., 2010; Glausen & Tanner, 2019; Jones & Henry, 
2003; Schumann et al., 2016).

Trends in mountain streamflow are the integra-
tion of many interacting hydrological processes 
which can obscure the basin response to climate 
change. For example, Harder et al. (2015) found 
no trends in streamflow in the Marmot Research 
Basin between the 1970s and 2010s, in southern 
Alberta. This lack of change in streamflow oc-
curred despite substantial changes in the basin 
forest cover due to large cut block or small forest 
gap clearing and increasing air temperature, and 
a shift in precipitation patterns and decreas-
ing snow accumulation at lower elevation in the 
basin, despite ongoing changes in both land cover 
and climate in the region.

Understanding of hydrological change in the 
mountains in Canada has advanced in recent 
years, but remains limited by the short time series 
available with which to conduct trend analysis. 
These short records make it difficult to distin-
guish long-term trends, such as those linked to 
anthropogenic change, from natural variabil-
ity linked to phenomena like the pacific decadal 
oscillation. Another general gap in streamflow 
change assessment is the lack of studies out-
side of western Canada. However, some studies 
may have been missed in our assessment if they 
do not explicitly refer to mountains. This is 
even more pronounced when considering other 
mountain regions in Canada, such as the Atlantic 
Maritime and Boreal Shield, where hydrological 
assessments might include mountain regions but 
not explicitly characterise their study area as 
mountains (e.g., Assani et al., 2021). Finally, we 
have very limited information of past or future 
changes in mountain groundwater dynamics 
across Canada as available observation wells have 
shorter time series available than surface water 
gauging stations. 

5.8.2 Water quality 

For many, mountain streams evoke a sense of 
pure, cold flowing waters, setting a standard for 
freshwater quality (i.e., the phrase “as clear as 
a mountain stream”). Those that travel in the 
mountains know that glacial runoff that is routed 
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through subglacial environments is another thing 
entirely, commonly running brown (i.e., highly 
turbid) due to a high suspended sediment load. 
Given time for the silt and clay to settle out, these 
waters do develop into clear mountain streams, 
joining snowmelt, rainfall runoff, and ground-
water springs to supply resplendent alpine lakes 
and ultimately flow downhill to feed most of the 
major river systems of Canada. 

Moreover, glaciers and permafrost are poten-
tially important sources of contaminants to alpine 
streams, rivers and lakes as glaciers melt and per-
mafrost thaws. Glacial meltwaters, in particular, 
have been shown to dramatically increase fluxes 
of mercury and persistent organic pollutants to 
downstream lakes, observations consistent across 
the Montane Cordillera (Blais et al., 2001; Blais et 
al., 2001; Lafreniere et al., 2006), Boreal Cordillera 
(Zdanowicz et al., 2018), and Arctic Cordillera re-
gions (MacInnis et al., 2019; St. Pierre et al., 2019; 
Sun et al., 2020). Considerably less is known about 
the potential for mobilisation of contaminants 
by permafrost thaw to waterways, but its impact 
is likely heterogeneous across mountain envi-
ronments, with some areas experiencing high 
concentrations of largely particle-bound contam-
inants with thaw (e.g., St. Pierre et al., 2018) while 
others may experience little to no impact.

In addition to their role as ‘water towers’, 
mountain waters are a source of cold water that is 
essential to the aquatic ecosystems and fish hab-
itat in mountain and downstream environments 
(Isaak et al., 2010; Richter & Kolmes, 2005; Wehrly 
et al., 2007), including essential salmon spawning 
areas in eastern and western Canada (e.g., Moore 
et al., 2013). Stream temperature is a critical 
factor for aquatic ecological health, including in-
fluences on aquatic biodiversity, the distribution 
of species, nutrient turnover, dissolved oxygen 
levels, and metabolic activity (Demars et al., 
2011; Isaak et al., 2015; Moore et al., 2013). Snow 
and glacier melt are a source of ‘ice water’ that 
helps to maintain lower stream temperatures and 
support aquatic habitat, buffering the effects of 
climate warming (Isaak et al., 2015, 2016). This 
source of cold water is diminishing as mountain 
snow and ice recede from the landscape and as 
snowmelt runoff shifts to earlier in the summer, 
leading to warmer maximum stream tempera-
tures in July and August (Isaak et al., 2016; Moore 
et al., 2013).

Stream temperature is not routinely or system-
atically monitored in mountain regions in Canada, 
so there is limited understanding of the seasonal 
and altitudinal evolution of temperatures and 
how these are changing as a consequence of at-
mospheric warming, reduced glacier inputs, 
and changing seasonality of snow melt. Moore 
et al. (2013) describe a statistical model to esti-
mate maximum stream temperatures in British 
Columbia, with percentage of glacier cover in a 
catchment included as one of the variables. This 
builds on well-developed observation networks 
and statistical models for stream temperature 
in the U.S. Pacific Northwest, including several 
contributions specific to mountain streams (e.g., 
Isaak et al., 2017). Other applications in western 
Canada include statistical stream temperature 
modelling of Daigle et al. (2010) in the Okanagan. 
These efforts relate the seasonal temperature 
evolution to air temperature and a range of em-
pirical environmental influences. 

MacDonald et al. (2014) measured and modelled 
two summers of temperature data for Star Creek, 
a forested mountain-slope setting on the eastern 
slopes of the Rockies, and discussed the impor-
tance of groundwater inputs in maintaining low 
water temperatures. Roesky and Hayashi (2022) 
discuss the complexity of generalisations for a 
groundwater-fed stream in a different setting 
on the eastern slopes of the Rockies. Groundwa-
ter inputs at this site are sourced from a seasonal 
alpine lake, and summer warming of lake waters 
leads to the transmission of relatively warm water 
through the groundwater system. This indicates 
that alpine lake hydrological inputs and thermal 
conditions need to be considered along with gla-
cier, snowmelt, rainfall, and groundwater inputs 
in modelling of stream temperatures.

These studies provide insights into empirical 
and process-based models of stream tempera-
ture in alpine environments, though such models 
and the observations to inform and constrain 
the models are restricted to a small number of 
research studies, primarily in the Montane Cor-
dillera. Systematic monitoring of these alpine 
hydrological systems at select sites is needed to 
advance understanding and support of water 
resources and fisheries managers, and further in-
vestment in process-based models is likely needed, 
given the rapidly changing climate, cryosphere, 
and hydrological conditions in these catchments. 
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These changes can undermine statistical models 
that are based on historical conditions. As noted 
in other chapters of the CMA, primary research 
studies are also needed in eastern and northern 
Canada, especially involving the integrated im-
pacts of climate, hydrological, and ecological 
changes and site-specific stressors.  

Intensive, exploitative human activities have 
had profound impacts on water quality in the 
mountains. Dam construction for hydropower 
generation or water resource management is 
one of the most dramatic manifestations of this. 
Dam construction necessitates the building of 
access roads and the dam itself, clear cutting and 
slashing/burning, as well as the flooding of sur-
rounding areas during reservoir creation, all of 
which can influence water quality. During the 
construction phase, these activities are associ-
ated with increased soil erosion and leaching 
of nutrients and carbon into lake environments 
(Kelly et al., 1980). Longer term impacts of dams 
on water quality in Canada have included reduced 
fish production due to drastic water level fluctu-
ations (Stockner et al., 2005), and the enhanced 
production of greenhouse gases and neurotoxic 
methylmercury in flooded soils (Kelly et al., 1997) 
with the subsequent bioaccumulation of methyl-
mercury through reservoir food webs (Bodaly et 
al., 1984; Hall et al., 2005). 

5.9 Risks and Vulnerability from 
Changing Mountain Hazards 

The mountain regions in Canada are subject to a 
host of natural hazards, including earthquakes, 
landslides, avalanches, floods, debris flows, storms 
and extreme precipitation events, wildfires, epi-
demics, heatwaves and cold temperatures, which 
have caused injury, death, damage and destruc-
tion. People have inhabited the mountains since 
time immemorial, living with and anticipating 

the dangers posed by natural hazards (Cruik-
shank, 2001). For example, Hayden Melting Tallow 
(Siksika Nation, Blackfoot Confederacy) speaks of 
the Piikani being aware that the mountains were 
shaking, and anticipating the Frank Slide (LC 5.29).  
Today, growing numbers of people are inhabit-
ing, travelling through, and visiting mountain 
regions, increasing exposure to the increasingly 
volatile dynamics of mountain environments 
(Hock et al., 2019). Likewise, proximate human 
pressures such as mining, forestry, and infra-
structure development are degrading mountain 
environments and, consequently, intensifying 
the frequency and magnitude of natural hazards 
(e.g., Gardner & Dekens, 2007, Hetu et al., 2015, 
Roberts et al. 2004). This tight coupling between 
environmental and social dynamics is at the heart 
of vulnerability research (Adger 2007), although 
such research per se is still limited in the context 
of rapidly changing mountain systems in Canada. 

The magnitude and frequency of landslides, av-
alanches, floods and wildfires have predominantly 
increased due to climate change, deforestation/
logging practices, and mining (e.g., Geertsema et 
al., 2006; Germain et al., 2005, 2011; Guthrie et al., 
2010; Roberts et al., 2004). For instance, the high 
mountains of western Canada and high latitudes 
of northern Canada are experiencing some of the 
greatest warming rates on Earth and are some 
of the most sensitive areas to climate change, in 
part because ecosystems and natural processes 
in these areas are intimately linked to changes in 
the cryosphere. Evidence is mounting that warm-
ing will further reduce permafrost and snow and 
ice cover in high mountains (Huss et al., 2017), 
which in turn destabilises many slopes due to gla-
cier debuttressing, alpine permafrost thaw and 
displacement, changes in rainfall regimes, the 
formation and sudden drainage of glacier- and 
moraine-dammed lakes, avalanches and glacier 
surges (Chiarle et al., 2021; Clague & Shugar, 2023; 
Sobie, 2020). This unravelling of slopes alters 
water and sediment delivery to and transport by 
streams, with impacts on subalpine and alpine 
ecosystems. 

Large landslides and debris flows in western 
Canada in particular appear to be on the increase 
(Cloutier et al., 2016; Evans & Clague, 1994; Geert-
sema et al., 2006; Huggel et al., 2012), especially 
in recently deglaciated terrain (Holm et al., 2004; 
Deline et al. 2021) and regions of permafrost thaw. 

Hayden Melting Tallow, Siksika Nation, 
Blackfoot Confederacy, 2022, LC 5.29
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As Lhu’ààn Mân Dań Elder Gùdia Mary Jane John-
son shared in the CMA Learning Circle, “you could 
see where the mountainside had come down, and 
that’s happened in all kinds of areas where I live 
because of the melting permafrost” (LC 5.30). 
Brandy Mayes, Kwanlin Dün First Nation, also 
spoke of the effects of melting permafrost on crit-
ical infrastructure, with sinkholes appearing in 
the access road to the airport (LC 5.31). 

The frequency and magnitude of avalanches 
in the eastern and western mountain regions 
also appear to be on the increase, in part due to 
expanding logging, transportation, and pipeline 
infrastructure in mountain regions, in addition to 
changing snowpacks (Anderson & Mcclung, 2012; 
Clarke & McClung, 1999; Germain et al., 2009, 
2011; Fortin & Hetu, 2009). Mining and related 
activities in the mountains also destroy much of 
the natural forest cover, leading to an increase in 
the extent of avalanches and mass movements 
(Sinickas et al., 2016). Moreover, the frequency of 
extreme and fluctuating meteorological events, 
such as droughts, heatwaves, wildfire, and ex-
treme precipitation events is increasing. Such 
events can also compound, resulting in increased 
vulnerability to major flood events, such as 
those experienced in the Bow Valley, Alberta in 
June 2013 and southwestern British Columbia in 
November 2021. The latter was associated with 
atmospheric rivers that advected warm, humid 
air masses from the subtropical Pacific to south-
ern BC, leading to heavy orographic rainfall when 
the air masses were forced upwards by the Coast 
Mountains.

Although documentation of such dynamics in 
mountain systems in Canada is relatively limited 
to date in the peer-reviewed literature, observed 
and expected increases in mountain hazards calls 
attention to the importance of research capable of 
identifying, and informing responses to address, 
the root causes of vulnerability. In most cases, 
this will involve close collaboration with local 
and Indigenous communities, including studies 
initiated/conducted by those at the frontlines of 
mountain hazards (and other pressures affecting 
people in and adjacent to mountain areas). Here, 
well developed literature related to social vulner-
ability (e.g., Adger, 2006; Turner et al., 2003; Ribot, 
2011), risk (e.g., Simpson et al., 2021), and resil-
ience (e.g., Berkes et al., 2003; Folke et al., 2010) 
could be instructive, particularly such work that 
has been carried out in other mountain regions 
worldwide (e.g., Carey et al., 2012; Ford et al., 
2013; Huggel et al., 2020, McDowell et al., 2021a) . 

5.10 Threats and Impacts on 
Ecosystems 

5.10.1 Changes in treeline and shrubification

A significant amount of attention has been given 
to understanding how treelines have changed 
over the past century (Harsch et al., 2009), and 
more specifically, over the last few decades when 
the impacts associated with climate change have 
been more pronounced. Treeline position is con-
trolled by a number of different factors, including 
herbivory, snow, and temperature, with soil tem-
perature postulated to be the most significant 
predictor of treeline position (Körner & Paulsen, 
2004). The advance of treeline higher up moun-
tains requires the production of viable seed, uphill 
dispersal, germination and establishment. The 
expectation with climate change is that the upper 
limit of where trees can survive, and ultimately 
establish, will increase as warming continues. 

An advance of treeline has occurred in the 
MacKenzie Mountains of the Taiga Cordillera 
mountain region (Mamet & Kershaw, 2012), in the 
Kluane Region of southwest Yukon (e.g., Danby 
& Hik, 2007; Dearborn & Danby, 2020), and in the 
Pacific Maritime mountain region on Vancou-
ver Island (Jackson et al., 2016). In the Montane 
Cordillera mountain region, treeline advance 
has occurred across the Rocky Mountains (e.g., 

Gùdia Mary Jane 
Johnson, Lhu’ààn Mân 

Dań, 2022, LC 5.30

Brandy Mayes,  
Kwanlin Dün,  
2022, LC 5.31
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Trant et al., 2020; Davis et al., 2020). In the Eastern 
Subarctic mountain region, treeline advance has 
occurred in the Mealy Mountains (Simms & Ward, 
2013; Trant & Hermanutz, 2014). However, there 
are also examples where treeline advance has not 
occurred, including in the Atlantic Maritime and 
Boreal Shield mountain region where treelines 
in Gaspesie show densification but not advance 
(Dumais et al., 2014), perhaps due to the short du-
ration of snow cover (Renard et al., 2016). While 
treeline advance has been documented in the 
Montane Cordillera mountain region, variability 
and limitations of more extensive advance may 
be limited to soil quality and availability beyond 
the current location of treeline as well as geomor-
phic and topographic processes (Davis et al., 2018; 
Macias-Fauria & Johnson, 2013). Other reasons for 
observed limitations in treeline advance include 
seed predation, competition with existing vegeta-
tion, and the presence (or absence) of disturbance 
events, such as fire.

In addition to changes in treelines, the density 
of trees has also increased across many mountain 
regions of Canada. This increase in density can 
take different forms including the encroachment 
of trees into previous open areas and the infill-
ing of open canopy forests. Infilling of trees in the 
forest-alpine-tundra transition over the past cen-
tury, and in many cases, over the past few decades, 
has occurred in the Rocky Mountains (Montane 
Cordillera mountain region) (Davis et al., 2020; 
Stockdale et al., 2019; Trant et al., 2020), on Van-
couver Island (Pacific Maritime mountain region; 
(Jackson et al., 2016), MacKenzie Mountains (Taiga 
Cordillera mountain region; Mamet & Kershaw, 
2012), in Gaspésie (Atlantic Maritime and Boreal 
Shield mountain region; Bailey et al., 2015), and 
in the Mealy Mountains of Labrador (Eastern 
Subarctic mountain region; Trant & Hermanutz, 
2014). There are also reports of krummholz (<2 
m in height) changing to trees (>2 m in height) 
in the Rocky Mountains (Montane Cordillera 
mountain region (Trant et al., 2020), a phenom-
enon attributed to changes in winter wind and 
snow transport, not just more favourable growing 
season temperatures, that allow for this shift to 
occur (Maher et al., 2020). The causal relationship 
between winter snow and ice damage leading to 
stem mortality, and in many cases krummholz 
with multiple leaders, has been documented in 

Mont Mégantic, QC (Atlantic Maritime and Boreal 
Shield mountain region; Lemieux & Filion, 2004).

There are many ecosystem consequences 
related to treeline and shrub advance, with im-
plications on alpine-tundra species. As forest 
and woody shrub species’ ranges expand higher 
in elevation, there is limited area for the al-
pine-tundra species to expand into, as land area 
decreases with elevation. For the Pacific Maritime 
mountain region, and parts of the Montane Cor-
dillera and Boreal Cordillera mountain regions, 
alpine-tundra habitat is predicted to decrease 
by approximately 97% by 2065, based on shifts 
in biogeoclimatic zones (Hamann & Wang, 2006). 
Thus, the fate of many alpine-tundra species is 
precarious. An example of this occurred in Gla-
cier National Park (Montana, just south of the 
Montane Cordillera mountain region) where four 
of seven alpine-tundra plant species declined sig-
nificantly over a 13-year period at the lower edge 
of their range (Lesica & McCune, 2004). While the 
majority of discussion, up to this point, has re-
volved around vegetation, the resulting changes 
to habitat have important implications for most 
animals using these areas. For example, in Torn-
gat Mountains National Park (Eastern Subarctic 
mountain region), there have been increased 
sightings of boreal bird species, as the habitat 
and climate become hospitable to more southern 
species (Whitaker, 2017). Elder Gùdia-Mary Jane 
Johnson (Lhu’  ààn Mân Ku Dań), explains how 
greening of the mountains in Kluane National 
Park is affecting the range of bighorn sheep, and 
how the proliferation of grasses are impacting 
the abilities of gophers (Arctic ground squirrels) 
to avoid predation (LC 5.32).

In northern mountain regions (Boreal Cordil-
lera, Taiga Cordillera, Arctic Cordillera, Interior 
Hills North, Eastern Subarctic), where shrubs are 
the dominant woody vegetation at lower eleva-

Gùdia Mary Jane Johnson, Lhu’ààn  
Mân Ku Dań, 2022, LC 5.32
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tions, changes in shrub abundance and cover—
termed ‘shrubification’—are an important driver 
of mountain ecosystems. Similar to the changes 
in trees observed south of the latitudinal treeline, 
shrub density and biomass often decreases with 
elevation. For example, in Torngat Mountains Na-
tional Park (Eastern Subarctic mountain region), 
shrubification was most noticeable in low eleva-
tion riparian areas, with less changes observed at 
higher elevation (Davis et al., 2021a). This pattern 
has also been seen in the Arctic Cordillera and 
Taiga Cordillera mountains regions.

Positive aspects of shrubification include in-
creased above and below ground carbon storage 
and potential increase in summer forage for cari-
bou. However, increased shrubification has other 
consequences for alpine-tundra ecosystems, 
including increased snow depths around taller 
shrubs, decreased albedo, soil nutrient dynam-
ics, and changes in quality and quantity of light 
reaching the surface as canopy closure increases 
(Myers-Smith et al., 2015). Increased shade from 
shrub canopies alters the moisture regime and 
the competition dynamics of nearby plant and 
animal communities. For example, observations 
from across the Arctic (including many locations 
within the Arctic Cordillera, Taiga Cordillera 
and Eastern Subarctic mountain regions) show 
decreased lichen and moss abundance as shrub 
height increased (Elmendorf et al., 2012). These 
changes in mountain vegetation are being de-
tected across scales from plot level observations 
to regional analyses using remotely-sensed data 
products, such as Normalised Difference Vegeta-
tion Index (NDVI) and also across Knowledges, 
specifically Inuit Qaujimajatuqangit (Inuit Tradi-
tional Knowledge).

Changes in alpine-tundra related to shrubifi-
cation have important consequences for north-
erners. Inuit Knowledge in Nunatsiavut (Eastern 
Subarctic mountain region) has documented 
increased shrub growth (Siegwart Collier, 2020) 
with important implications around travel safety. 
There are also increased travel risks for north-
erners as shrubification creates better hiding 
places for polar bears and complicates summer 
and winter travel. There is also a lot of attention 
being paid to the changes that shrubification 
has on access to foods. Inuit Qaujimajatuqangit 
(Knowledge) on changes to berry quality and 

quantity has been extensively documented across 
the Arctic Cordillera and Eastern Subarctic moun-
tain regions (Boulanger-Lapointe et al., 2020). 
Using ecological experiments and approaches, in-
creased shade under shrub canopies can decrease 
the amount and quality of berry plants that are 
an important cultural food for people across Iniut 
Nunangat (Boulanger-Lapointe et al., 2020).

5.10.2 Changes in stream ecosystems

Rapid glacier loss has altered mountain stream 
ecosystems. Mountain streams historically fed by 
cold, turbid, and rapid glacial meltwater are tran-
sitioning to warmer, clearer, and slower states 
as glaciers disappear (Brahney et al., 2021). This 
shift towards more benign streams could promote 
the upstream colonisation of species previously 
intolerant of harsh mountain glacial waters. For 
example, Brahney et al. (2021) found that benthic 
algal communities were more diverse in streams 
within catchments less influenced by glaciers 
in the Montane and Pacific Cordillera. However, 
while the upstream recruitment of species should 
benefit general mountain stream biodiversity, in-
creased colonisation could also result in loss of 
highly specialised species adapted to glacial melt-
water (Cauvy-Fraunié & Dangles, 2019). Increased 
biomonitoring of aquatic ecosystems across 
mountain regions in Canada is needed to better 
understand the rate of specialised meltwater di-
versity loss and upstream colonisation as glaciers 
continue to disappear.

A consequence of species colonisation into 
mountain streams is the potential for biotic in-
vasion. Nuisance and invasive species, previously 
constricted to lowland aquatic environments 
because of overly harsh headwaters, could move 
into mountain streams as they become warmer 
and clearer. Indeed, nuisance algae species have 
begun to bloom in mountain streams with de-
clining glacial meltwater inputs in the Montane 
Cordillera (Brahney et al., 2021). The diatom 
Didymosphenia geminata, while native to North 
America, can form pervasive blooms in clear, 
cold-water streams with low phosphorus con-
centrations (Bothwell et al., 2014; Brahney et al., 
2021). Also known as rock snot, these blooms can 
clog potential macroinvertebrate and fish hab-
itat while also producing an unattractive odour 
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and appearance (Brahney et al., 2021). As glaciers 
disappear, subsequently lowering phosphorus 
availability, mountain streams could become 
increasingly susceptible to these blooms with 
potential consequences for higher trophic levels 
(Brahney et al., 2021).

Similarly, glacier ice loss could raise mountain 
stream temperatures beyond the physiological 
tolerances of species adapted to cold waters. In 
the Pacific Cordillera, glacial meltwater inputs 
cool important Pacific salmon migratory path-
ways, keeping waters below the thermal threshold 
of most salmon species (Pitman & Moore, 2021). 
As glaciers disappear, warmer waters thermally 
stress migrating salmon, potentially harming 
their reproductive success (Pitman & Moore, 
2021). Bull and westslope cutthroat trout also rely 
on mountain snow and ice to provide cold water 
habitat (Heinle et al., 2021). The loss of cold-wa-
ter inputs could constrict the range of these 
already at-risk species to headwater streams 
with poorer prey quality (Heinle et al., 2021). Fur-
ther monitoring of headwater streams is needed 
to better quantify thermal habitat loss and its 
consequences for mountain fishes as stream tem-
peratures continue to warm.

Historic introductions of non-native species 
further challenge mountain aquatic biodiver-
sity. Many alpine lakes in the Montane Cordillera 
were stocked with non-native trout species, such 
as brook and brown trout, in the 20th century 
to provide recreational fishing opportunities 
(Donald, 1987). An unintended consequence of 
these introductions is hybridization and competi-
tion between exotic and native salmonids, mainly 
bull, westslope cutthroat, and rainbow trout (Sin-
natamby et al., 2020). These native species are 
now listed as Threatened or of Special concern, 
depending on the population, by the Committee 
on the Status of Endangered Wildlife in Canada 
(Sinnatamby et al., 2020). As warming streams 
further constrict bull and westslope cutthroat 
trout habitat upstream, these native species will 
likely become increasingly stressed with ongoing 
climate change (Heinle et al., 2021).

5.10.3 Changes in mountain wetlands

As mentioned in Gifts of the Mountains, wetlands 
provide unique ecosystem services to various 

species. Wetlands are resilient ecosystems, how-
ever much like other ecosystems in the mountain 
regions, they are suffering the consequences of 
anthropogenic climate change and intervention. 
Moreover, most of the literature on the pressures 
on wetlands has focused on lowland regions. 
The future of mountain wetlands is uncertain. 
Given climate change and other anthropogenic 
pressures, changes in sensitive factors such as 
soil-water balance and biodiversity are unclear 
and are likely to vary across elevations. Predict-
ing what will happen with mountain wetlands in 
future decades is therefore difficult, especially as 
climate change is likely to affect mountain eco-
systems disproportionately, and the extent to 
which mountain wetlands are or will be affected 
by land use change is unknown.

According to the Global Peatland Assess-
ment, agriculture is the main activity degrading 
peatlands in North America, followed by the pe-
troleum industry in Canada (UNEP, 2022). The 
water drainage of wetlands has consequences at 
biological level as well as chemical. Aside from the 
destruction of the surface vegetation, drainage of 
peat is implemented for mining, peat harvesting 
for horticultural use, agriculture and road con-
struction (Wildlife Conservation Society Canada, 
2021). Drained peat promotes the oxygenation 
process, thus emitting carbon dioxide into the 
atmosphere which will otherwise be captured 
under waterlogged conditions. Wetland drainage 
can also leave wetlands vulnerable to wildfires, 
formerly a reprieve from fire, could turn into fuel 
(Turetsky et al., 2011). 

Many wetlands in the mid and high elevation 
areas might not be targeted for agriculture or 
peat harvesting due to the rough topography and 
remote location, however, there are plenty of wet-
lands in the intermountain valleys that are being 
affected by the mining industry (BC Mining Law 
Reform, 2021). Several mining projects are well 
underway, or scheduled to start in the future in 
sensitive wetland areas with contaminated waste 
plans that may not protect wetlands or inade-
quate reclamation plans (BC Mining Law Reform, 
2021). Mining affects wetlands by degrading the 
soil and water quality which has a cascade effect 
from microbial to larger animal and plant com-
munities (Garris et al., 2018; Orr et al., 2006b). 
Peat harvesting in the mountains is uncommon, 
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however, and in British Columbia specifically 
has reduced significantly since its peak at the 
start of the 20th century (Demwell, 2019; North 
American Wetlands Conservation Council Com-
mittee, 2001). Flooding of wetlands for reservoir 
creation for hydroelectricity production is also a 
threat through vegetation loss, and greenhouse 
gas emissions due to methane release (Harris et 
al., 2022).

How climate change will affect wetland carbon 
storage largely depends on the extent to which 
these wetlands have been modified by humans 
through land-use changes (Petrescu et al., 
2015). Small changes in the delicate balance be-
tween long-term climatic conditions, short-term 
weather events, ecology, hydrology, soil biochem-
istry, and geomorphology can cause large shifts in 
the carbon dynamics of wetland ecosystems (Page 
& Baird, 2016), and in peatlands these changes can 
reverse the sign of net carbon fluxes, from uptake 
to emission. 

Degradation due to anthropogenic activities 
are affecting the peatlands’ carbon storage capa-
bilities. Greenhouse gas emissions from degraded 
peatlands in Canada and the United States are es-
timated to equal 89 Mt CO₂eq yr-1 (UNEP, 2022). 
Without a better sense of the extent of mountain 
peatlands, their storage capacity, and conserva-
tion state, we do not know how much of those 
emissions mountain peatlands might be contrib-
uting to global carbon sources and sinks. 

The predicted response of wetlands to climatic 
change will vary across different wetland types: 
rain-fed wetlands might maintain structure and 
function, while wetlands that rely on snow and 
groundwater inputs will likely be more sensitive 
to climate change (Wu & Roulet, 2014). Changes 
in snow cover affect the plant and microbial com-
munity during the growing season, influencing 
biochemistry as changes in water table dynamics 
due to drought do (Bombonato & Gerdol, 2012; 
Coletti et al., 2013; Robroek et al., 2013; Wu et al., 
2020). Sphagnum moss dominated wetlands, how-
ever, have been shown to control their local water 
table, remaining moist under regional drought 
(Kettridge & Waddington, 2014). Which has led 
some scientists to suggest that those wetlands 
may serve as climate change refugia in the future 
(Stralberg et al., 2020). Information about how 
wetlands in the mountains will be affected by 

changes in snow cover, rain patterns, and evapo-
ration rates is scant. 

Warming of other mountain regions and con-
sequent glacier melt has shown to increase the 
mean wetland area, as evidenced in the Boliv-
ian Cordillera Real, where warming and glacier 
melt has been ongoing for the last 30 years (Dan-
gles et al., 2017). Wetland cover showed high 
inter-annual variability which was correlated to 
precipitation intensities. Peat formation, or pa-
ludification, might require a long—thousands of 
years—and steady input of water to these areas, 
however. It is highly probable that multiple basin 
areas below glaciers have been or will transform 
to seasonal wetland areas in mountainous areas 
of Canada.

Peatland restoration and conservation is 
currently being introduced as a nature-based 
solution in global climate policy debates, as a 
viable way for countries to reduce emissions as 
part of their climate commitments. More atten-
tion should therefore be paid to these ecosystems, 
particularly in mountain regions where “Arctic 
and Montane Wetlands are being marked at par-
ticular risk from climate change with profound 
consequences for wetland ecosystem services” 
(Convention on Wetlands, 2021). Canada is one of 
the few countries that has mentioned peatlands 
as part of their Nationally Determined Contribu-
tions; however, Canada is missing key information 
on wetland ecosystems in mountain areas, namely 
inventorying and carbon accounting (FAO, 2022).

5.10.4 Changes in wildlife, human, and 
more-than-human relations

Research studies of the northern mountains in 
Canada have focused primarily on the physical en-
vironment, tracking cryospheric and hydrological 
changes. Caribou populations are an exception to 
this, with numerous studies examining current 
and historical caribou habitat and dynamics in 
Yukon Territory and Nunatsiavut (e.g., Andrews 
et al., 2012; Belanger et al., 2019; Hegel et al., 2010, 
2012; Macander et al., 2020). In the mountains of 
the Yukon, consistently expanding programs of 
resource extraction threaten the integrity of crit-
ical habitat for caribou (e.g., McKay et al, 2021), 
and as a result impact the ability of a variety of 
Indigenous communities including the Inuvialuit, 
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Gwich’in, Trondek Hwech’in, Dene and others to harvest caribou during 
the critical winter period when travel by skidoo into the higher ground 
is possible. Hunters from the Inuvialuit communities of the Mackenzie 
Delta have pursued caribou, wolf, grizzly and other species in the Rich-
ardson Range, while the Vuntut Gwich’in and Trondek Hwech’in have 
used the southern areas of the Richardson Range, the Ogilvie, Wernecke, 
and Dawson Ranges, for hunting and gathering valued resources.

Elder Leon Andrew of the Nę K’ǝ Dene Ts’ıl̨ı Nation told a story from 
his homelands in the Mackenzie Mountains of the relocation of culturally 
important species such as beavers and moose across their Traditional 
Territory as a result of climate change, making it challenging to rely on 
Indigenous knowledges of where animals move in the landscape (LC 5.33). 
Some understand these changes as resulting, at least in part, from a lack 
of adherence to expectations of reciprocal relationships with the land. 
Daniel Sims, Tsay Keh Dene First Nation, shared a story to explain that 
the failure to show respect for mountain environments could lead to the 
mountains getting their revenge on people, by taking the animals away. 
“...If we don’t share the proper respect to the animals, the animals will 
get their revenge. It could be them disappearing, it could also be them 
just getting their revenge in that sense” (LC 5.34). 

For the small non-Indigenous population of the boreal and mountain 
ecosystems of northwestern and Arctic Canada, the mountains exist 
primarily as sites of resource extraction, including oil, gas, coal, min-
erals and timber. These activities are largely currently confined to the 
mountains of British Columbia and the Yukon, where mining and for-
estry are the primary activities. With greater industrial activity in these 
regions, comes increased linear disturbance (in the form of roads and 
transmission lines) and thus increased barriers to animal movement and 
increased human access and disturbance (Apps et al., 2013; Johnson et 
al., 2015; Seip, 1992; Wittmer et al., 2007)). Habitat disturbance resulting 
from resource extraction causes declines in woodland caribou popula-
tions in particular through disturbance-mediated apparent competition 
(Wittmer et al., 2013), whereby disturbance creates favourable condi-
tions for predators (wolves, wolverines) that prey on caribou (Lamb et 
al., 2022; McNay et al., 2022; Serrouya et al., 2021)

Wildlife populations and wildlife-human relations are also changing 
considerably in other regions of Canada. Elder Bernard Jerome, Micmacs 
of Gesgapegiag, observed that caribou populations in the Chic-Choc (Ap-
palachian) Mountains began to decline around 1935, dropping to less 
than 50 animals in the herd, due to losses of habitat and extractive ac-
tivities (e.g., copper mining, oil exploration) in the mountains (LC 5.35).

5.11 Impacts on Socio-Cultural Systems

  Mountain environments are complex and dynamic social-ecological 
and social-cultural systems that face a web of pressures and manage-
ment challenges. Literature addressing the patterns of livelihood, health 
and wellbeing, and subsistence use of the mountains of Canada re-
mains scarce, especially studies of the impacts of changing pressures on 
mountains on the livelihoods and knowledge systems of the many First 
Nations, Métis, and Inuit communities of these regions. 

Leon Andrew, Nę K’ǝ Dene 
Ts’ı ̨l̨ı, 2022, LC 5.33

Daniel Sims, Tsay Keh Dene 
First Nation, 2022, LC 5.34

Pnnal Bernard Jerome, Micmacs 
of Gesgapegiag, 2022, LC 5.35 
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5.11.1 Threats to Indigenous livelihoods and knowledge systems

Mountain communities, most especially Indigenous communities, 
have been impacted via reduced access to traditional resources, 
cultural practices, and food and water security, all of which have 
long-standing and multifaceted effects on individual and community 
health and wellbeing. In a trend observed among Indigenous commu-
nities across Arctic and Subarctic Canada, for example, the rising costs 
of fuel and equipment are enforcing a pattern of wage labour to sup-
port harvesting, which is limiting the time that is available to some 
participants to fulfil their own subsistence needs (Laidler et al., 2009; 
Natcher, 2009; Wenzel, 2013). This changing quantum of available time 
is playing out against a backdrop of changing local environmental 
conditions as a result of anthropogenic climate change, as well as the 
challenges of maintaining, transferring and using Indigenous ecolog-
ical knowledge (Ford et al., 2016; Pearce et al., 2011). All these factors 
are acting to alter patterns of land use, and fundamentally altering 
the role that mountains across Canada are playing in the livelihoods 
of Indigenous communities, most especially those in the North (e.g., 
Ford et al., 2015).

Additionally, the severing of Indigenous knowledges from spaces 
such as mountains means that knowledge on how to contend with the 
pressures that mountain environments inherently present to its in-
habitants—knowledge on how to contend with avalanches, flash floods, 
landslides, sea ice loss etc. are lost or are not able to be transferred 
effectively between groups, presenting new hazards to inhabitants of 
these spaces—increasing the risk for negative outcomes for all (Gear-
heard et al., 2006; Pearce et al., 2011; Whyte, 2016); Learning Circle 
participants, including Patricia Joe (Kwanlin Dün First Nation) and 
Wanda Pascal (Teetl’it Gwich’in Nation) reflected on the importance of 
Indigenous knowledges in learning to adapt to changing environmen-
tal conditions (LC 5.36, LC 5.37). The question is often asked, “What 
can we do/what could we have done to prepare for these pressures?”, 
and it is also too often answered by Indigenous communities, ‘We have 
the answer, but we are not given a platform to share it’ (Whyte, 2016).

Changes in governance of mountain spaces extend to who has the 
right and responsibility to create knowledge about mountain systems, 
what this knowledge looks like, and how it is produced. As Gabrielle 
Weasel Head, Kainaiwa Nation, Blackfoot Confederacy, explains, colo-
nial erasure of Indigenous communities as distinct Peoples obscures 
the root causes of the changes occurring in mountain systems and 
beyond. The violent and destructive changes imposed on Indigenous 
Peoples have affected Indigenous Nations in many different ways, 
and addressing questions of how places are known requires elevat-
ing place-based ways of knowing, embedded in language, and defining 
concepts such as sustainability, wellbeing, and resilience (LC 5.38). 
These experiences take place within a broader context of socio-cul-
tural change occurring in Canada (e.g., The Truth and Reconciliation 
Commission’s 94 Calls to Action), with increasing efforts to decolonize, 
pluralize, and democratise the environmental sciences and related 
fields (Liboiron, 2021; Wong et al., 2020). 

Patricia Joe, Kwanlin Dün 
First Nation, 2022, LC 5.36

Wanda Pascal, Teetl’it 
Gwich'in, 2022, LC 5.37

Gabrielle Weasel Head, 
Kainaiwa Nation, Blackfoot 
Confederacy, 2022, LC 5.38
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Pnnal Bernard Jerome, Micmacs 
of Gesgapegiag, 2022, LC 5.39

Yan Tapp, Gespeg First 
Nation, 2022, LC 5.40

Pnnal Bernard Jerome, Micmacs 
of Gesgapegiag, 2022, LC 5.41

Yan Tapp, Gespeg First 
Nation, 2022, LC 5.42

MOUNTAINS OF THE GASPE PENINSUL A: THE COMPLEX 
INTERACTION BETWEEN RECREATION, CONSERVATION,  
AND FIRST NATION L AND ACCESS 

The mountains of the Gaspe Peninsula showcase the intersecting pressures and 
tensions between conservation, recreational development and Indigenous access 
and stewardship of Traditional Territory. The mountains of the Gaspé Peninsula, in 
south-eastern Quebec, can be grouped under three mountains ranges: the McGer-
rigle mountains, the Mont Albert massif and the Chic-Chocs Range. The name 
Chic-Chocs comes from the Mi’kmaq word, sigsôg, meaning “impenetrable barri-
er” or “rocky mountains.” The area is the traditional land of the Gespe’gewa’gi, the 
seventh District of the Mi’gma’gi that includes two on-reserve Mi’kmaq communities 
(Gesgapegiag and Listuguj) and one off-reserve.

Long cold winters and a short, but warm growing season characterise the region, 
permitting the development of a dense boreal forest cover, except on the steepest 
slopes. Despite reported mean annual snowfall exceeding 6 m on the highest sum-
mit of the Chic-Choc range (1268 m), winter snowpack on the summits is extremely 
thin, due to the strong prevailing northwesterly winds redistributing snow to the 
krumholz and boreal forest below the summits (Davesne et al., 2017; Fortin & Hetu, 
2014). The thin snow cover on the alpine summit sustains  permafrost on the summit 
and the development of patterned ground (French & Bjornson, 2008; Gray et al., 
2009, 2017). No clear evidence of changes in temperature, snow depth, or snow 
density could be found in the study area over the last four decades (Fortin & Hétu, 
2009; Fortin & Hetu, 2014). This snow-dominated climate and steep terrain also 
result in high avalanche hazards, threatening roads and other infrastructure (Dubé 
et al., 2004; Germain et al., 2005, 2009). 

The combination of climate and elevation gradient creates a unique landscape 
with a high diversity of habitat and species, with alpine and arctic tundra vegetation. 
The endemic vascular flora and lichens found in the Chic-Chocs have led to the 
hypothesis that these mountains were nuntakas, or ice-free, during the maximum 
extent of the Wisconsin glaciation (McMullin & Dorin, 2016). The Chic-Chocs are a 
refuge for many species, many of which typically occur in the Arctic and the western 
mountains of North America (McMullin & Dorin, 2016). This unique vegetation 
supports the last herd of caribou south of the St. Lawrence River. This population 
has been in constant decline since the end of the 19th century, and has been the 
focus of multiple studies (Frenette et al., 2020; Nadeau Fortin et al., 2016; Turgeon 
et al., 2018). 

The Chic-Choc and McGerrigle mountains are also at the headwaters of import-
ant rivers crossing the territory. The rivers in the area are also fisheries, with many 
of them supporting Atlantic salmon habitat (Kim & Lapointe, 2011). To protect the 
unique ecosystems of the Gaspe peninsula mountains, the Gaspesie National Park 
provincial park was created in 1937. Additionally, land outside of the provincial 
park boundary falls within a varied system of protected land, from wildlife and 
ecosystem reserves with various restricted access and activities. The Parc de la Gas-
pesie is a prime tourism destination for outdoor recreationalists across the province 
and draws high visitation rates during the summer, supporting the economy of the 
remote region, while supporting conservation efforts within the park. Elder Bernard 
Jerome, Micmacs of Gesgapegiag, described how Mi’kmaq communities in the 
region spoke up to protect declining populations of Atlantic salmon by protecting 
habitat and advocating for a temporary moratorium on recreational sport fishing in 
the region, after which populations rebounded, and now support a healthy recre-
ational fishing economy (LC 5.39). 
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5.11.2 Threats to community health 
and wellbeing 

There is limited literature concerning commu-
nity health and wellbeing specifically within a 
mountain context in Canada. Of the relatively few 
health-related publications that are explicitly set 
in a Canadian mountain context, the majority 
focus on health and safety of those undertaking 
mountain-based recreational activities (e.g., Boyd 
et al., 2009; Curran-Sills & Karahalios, 2015; Stra-
pazzon et al., 2021) or the impacts of wildfire on 

air quality in mountain valleys (e.g., Yao et al., 
2020). Among these, several studies focus on the 
dynamics of health and injury around specific 
recreational activities (e.g., climbing, mountain 
biking, snowblading, skiing, snowboarding) (Ash-
well et al., 2012; Bratton et al., 1979; Bridges et al., 
2003; Cameron et al., 2011; Needham et al., 2004) 
while others discuss hazards and health outcomes 
related to avalanche survival, and search and 
rescue incidents (Boyd et al., 2009; Curran-Sills 
& Karahalios, 2015; Strapazzon et al., 2021; Wild, 
2008).

The Chic-Chocs and McGerrigle mountains, both 
within and in the surrounding area of the provincial 
park, are key recreation areas for the surrounding 
towns and cities. In winter, it is a hub for ski touring. To 
increase participant safety of this recreational activity, 
an avalanche forecasting centre, Avalanche Quebec, 
was founded in 1999. It is the only avalanche forecast-
ing system east of the Canadian Rockies. In addition, 
multiple guided ski touring operations have since de-
veloped in private, leased public lands or within the 
provincial park boundaries. Through adventure tour-
ism, the revitalization of towns in this remote region 
has been fostered. For example, Murdochville, a cop-
per mine and smelter, that closed in 1999, has seen 
redevelopment in recent year linked with ski tourism, 
and is now a well-developed ski destination for Que-
bec residents.

These different uses of the territory, the homeland 
of First Nations, the protection of natural ecosystems 
with conservation effort, and tourism revitalising a 
remote region, are individually all beneficial endeav-
ours. However, the interaction between these three 
uses leads to tensions. For example, in wintertime, 
tensions arise between the different users and goals of 
the park, with concern for caribou habitat conserva-
tion and ski touring access. In winter 2022, two pop-
ular ski touring areas were closed as the caribou herd 
moved in the area, reducing access to recreation. 
This increasing conservation effort and privatisation 
of the land has significant consequences for the local 
First Nations, who are seeing access to their tradition-
al land for community hunting and fishing reduced. 
These tensions results in confrontations between the 
government officials enforcing the conservation rules 
on crown land, the local landowners, and the Indig-
enous Peoples, as shared by Yan Tapp, a member of 
the local Gaspeg First Nation, who spoke of restricted 
river access for fishing and the lack of communication 

and difficult interactions between private landowners, 
game wardens and First Nation members (LC 5.40) 
and Elder Pnnal Bernard Jerome, who described 
historical restrictions on hunting and fishing rights 
(LC 5.41). 

There is a lack of communication between the 
conservation and recreation policy decision-making 
and the access to the land that exists for the Mi’kmaq 
People. The tensions regarding land access were also 
re-surfacing during the Covid pandemic when visita-
tion numbers in the Gaspésie region increased due 
to the suspension of international and inter-provincial 
travel. In response to the overwhelming numbers of 
visitors, many recreation facilities were closed to pre-
vent the degradation of the sites. These restrictions 
also applied to local people, such as members of the 
Gaspeg First Nation, who had been using these sites 
and showing good stewardship. Yan Tapp discussed 
the rise of tourism due to Covid and subsequent land 
restrictions, highlighting their impacts on his commu-
nity’s ability to access important places in their Tradi-
tional Territory for activities like hunting and fishing 
(LC 5.42). 

The mountains of the Gaspe Peninsula highlight 
the complexities in assessing mountain systems across 
Canada based on language and peer-reviewed lit-
erature only. Many reports and assessments of con-
servation efforts in the region are in French, making 
them more difficult to find and integrate in large, En-
glish-based assessments such as this current effort. 
Multiple sources of information to understand the 
intersecting pressures occurring in the mountains of 
the Gaspe Peninsula also occur in non-peer reviewed 
publications. Not including French language or grey 
literature, such as government reports, would indicate 
a limited understanding of this landscape, when in 
fact, a reasonable volume of work has been complet-
ed in the region. 
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Additionally, there are certain topic areas 
where a cohesive mountain literature is lack-
ing, but which are more broadly applicable. For 
example, there is a growing literature on nega-
tive mental health impacts (e.g., reduced well-
being, trauma, anxiety, depression, suicide and 
substance use) related to acute and chronic ex-
periences of disaster (e.g., wildfires, floods) and 
climate change, and there is strong likelihood 
that these will increase in the future in mountain 
regions, as elsewhere (Bratu et al., 2022; Cunsolo 
& Ellis, 2018; Obradovich et al., 2018). 

5.11.3 Threats to mountain tourism and 
recreation

As discussed in the Mountains as Homelands 
chapter, mountains are host to recreational pur-
suits that contribute to mountain cultures and 
drive many Canadian mountain economies. More 
and more people want to visit mountains. This 
fact is made evident by the popularity of outdoor 
culture, through National Geographic and Lonely 
Planet, and online platforms like YouTube or Ins-
tagram. With greater numbers seeking mountain 
experiences and thus the materials and infra-
structure to access these experiences, the unique 
requirements for mountain travel have led to the 
proliferation of goods and services for outdoor 
recreational pursuits. 

However, these fragile environments are sub-
ject to intense climatologic and anthropogenic 
pressures, the cumulative impacts of which 

threaten the very conditions upon which the 
mountain tourism industry was built, as Learning 
Circle participants Elder Gùdia Mary Jane John-
son, Lhu’ààn Mân Ku Dań, and Dawn Saunders 
Dahl (Métis, Red River Ojibwe) described (LC 5.43, 
LC 5.44).

While the literature on the physical impacts 
of climate change in mountainous environments 
is well-established (Hock et al., 2019), studies 
examining the implications of this change on 
mountain tourism and recreation in Canada are 
lacking. Of the existing literature, an overwhelm-
ing proportion has focused on the ski resort 
industry, primarily in Eastern Canada (Scott et 
al., 2003, 2019), and suggests that due to warmer 
temperatures and shifting hydrological regimes, 
ski season length will likely decrease, potentially 
limiting operations to the degree that some re-
sorts will no longer be viable (Steiger et al., 2022).

Beyond impacts to the ski resort industry, the 
direct impacts of climate change on mountain 
tourism and recreation in Canada is relatively 
under-studied. There is limited literature explor-
ing the impacts of glacial retreat and permafrost 
thaw on mountain tourism and recreation, a con-
sequential gap given the growing global body of 
literature which highlights increases in natural 
hazards (rockfall, slope instabilities, emergence 
of proglacial streams and lakes) occurring in 
these environments (Deline et al., 2021; Mourey 
et al., 2019; Purdie & Kerr, 2018; Ritter et al., 2012; 
Watson & King, 2018), and the recent decision to 
dismantle the iconic Abbot Hut due to safety con-
cerns related to cryospheric degradation (Hik et 
al., 2022). The impacts of changing ecosystems 
on mountain tourism has received similarly little 
attention. For example, despite modelling projec-
tions that suggest forest fires could increase in 
frequency and magnitude throughout mountain-
ous regions in Canada (Global Climate and Health 
Alliance, 2021), the impacts on tourism and 
recreation in these areas appears to have been 
under-studied both in terms of the short term 
(Hystada & Keller, 2006) and long-term impacts 
(Hystad & Keller, 2008).

Even less understood in the Canadian context 
are adaptations to, and opportunities that arise, 
as a result of climate change. The most studied 
adaptations stem from the ski resort industry, 
where advances in snowmaking has allowed re-
sorts to overcome shorter and more variable ski 

Gùdia Mary Jane 
 Johnson, Lhu’ààn Mân 

Dań, 2022, LC 5.43

Dawn Saunders Dahl, 
Métis (Red River 

Ojibway), 2022, LC 5.44
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seasons, and the development of summer tourism 
opportunities such as chairlift-assisted moun-
tain biking and hiking (e.g., Gilani et al., 2018; 
Needham et al., 2004) has provided alternative 
revenue streams. Globally, this topic has been 
comparatively better studied, revealing a range of 
adaptation strategies the mountain tourism and 
recreation industry have employed, including the 
use of geotextile blankets to slow glacier retreat 
by increasing albedo (e.g., Huss et al., 2021), the 
installation of ladders to maintain iconic climbing 
routes and access to alpine huts (e.g., Mourey & 
Ravanel, 2017), and the introduction of boat tours 
on large pro-glacial lakes (Purdie et al., 2020).

Climate-related change has been demonstrated 
to impact visitation in mountain tourism des-
tinations. For example, a study in the Canadian 
Rocky Mountain Region projected that because 
of warmer weather visitation would increase up 
to 36% by 2050, but would decrease by 2080 due 
to significant environmental change (Scott et al., 
2007), such as a reduction in perceived aesthetics 
(Groulx et al., 2019; Weber et al., 2019). However, 
change in landscape aesthetics, particularly gla-
cier retreat, has also been identified as a key 
factor motivating tourists. ‘Last chance tourism’, 
the idea that visitors are attracted to destinations 
threatened by climate change because their visit 
represents a unique opportunity to experience 
a place before they disappear, is an import-
ant phenomenon prompting tourists to visit to 
the Athabasca Glacier in the Canadian Rockies 
(Groulx et al., 2019). 

While visitation appears to be increasingly 
studied in the Canadian context, a great deal 
of uncertainty persists due to a lack of under-
standing regarding the relationship between 
visitation and the impact of climate-related 
change on shifts in seasonality (Hoy et al., 2016), 
hazards (Frank, 2000), environmental conditions 
required for specific tourism activities (e.g., Pick-
ering et al., 2010), and cultural loss (Hock et al., 
2019). The dearth of such research constrains 
the ability of mountain communities, planners, 
and local organisations to anticipate changes in 
visitation and inhibits their ability to develop 
plans capable of securing desirable and sustain-
able futures. For example, the majority of visits 
to Canadian national parks are to the country’s 
mountain parks with approximately $1.48 billion 
generated annually from tourism activities in the 

communities of Canmore, Banff, and Jasper alone 
(Alberta Government, 2012). Thus, the potential 
economic impacts associated with climate change 
and mountain tourism are substantial (Gössling & 
Hall, 2017), but are under-studied in Canada.

5.12 Adaptation to Changing 
Pressures

Adaptation refers to response to challenges and 
opportunities associated with changing envi-
ronmental and social conditions, and is often 
associated with responses to climate change 
(Smit et al., 1999). While there is limited evidence 
of a cohesive body of literature on climate change 
adaptation in mountain regions in Canada, global 
scale systematic review work shows that adap-
tation is indeed occurring in many mountain 
regions globally (McDowell et al., 2019) (note that 
this differs considerably from the Canadian Arctic, 
where adaptation has been widely documented, 
see: Ford et al., 2014). Documented adaptations in 
mountain areas are commonly implemented in re-
sponse to cryospheric and hydrological changes, 
increased hazards, warming temperatures, and 
changing seasonality combined with non-cli-
matic stimuli such as new or expanding economic 
activity (e.g., tourism, mining, energy genera-
tion) (McDowell et al., 2019). Notwithstanding 
emerging evidence of significant adaptation ef-
forts in mountain areas globally (again, not well 
reported/documented in Canada), evidence of 
shortcomings in these adaptations relative to the 
nature of current and projected socio-ecological 
changes in mountain areas as well as core tenets 
of keystone global agreements (e.g., Paris Agree-
ment; Sustainable Development Goals) is spurring 
concern (McDowell et al. 2021b). For example, a 
recent scoping review by Aylward et al. (2022) 
highlights literature gaps related to climate-men-
tal health adaptation strategies and future mental 
health risks. Accordingly, there has been a recent 
push to better recognize and include mental 
health as a dimension of both climate change im-
pacts and adaptation assessments (Harper et al., 
2022; Hayes & Poland, 2018). 

In mountain regions, as elsewhere, Indigenous 
Peoples and communities have long histories 
of responding to environmental variation and 
change, and are known to exhibit significant re-
silience in this context (Ford et al., 2020). As such, 
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rural communities have much to contribute to 
adaptation policy and decision-making (AMAP, 
2017). Local-scale adaptation is place-based 
and commonly draws on local and Indigenous 
knowledge, and historical experience with re-
sponding to variability and change. A study of 11 
Indigenous communities in the Pacific Northwest 
(whose territories are both coastal and mountain-
ous) highlight how communities are adapting to 
broader climatic changes, as well as to changing 
access and availability of resources, harvesting 
and processing techniques, knowledge systems, 
and co-management processes (Wyllie De Eche-
verria & Thornton, 2019). Recognizing the impacts 
of changing biodiversity and provisioning eco-
system services to Indigenous livelihoods, the 
authors promote a Cultural Keystone Indicator 
Species approach, which focuses on “critical spe-
cies of both cultural importance and perceptual 

salience in relation to environmental change” 
(Wyllie De Echeverria & Thornton, 2019, p. 1449), 
as a framework for embedding Indigenous knowl-
edges in climate and adaptation research in a way 
that is holistic, meaningful and empowering. 

In another study with four coastal British Co-
lumbia First Nations, despite colonisation and 
industrial fishing pressures which restricted In-
digenous management rights and stewardship 
capacity, evidence shows that core steward-
ship strategies and teachings around important 
cultural species remains intact, offering a founda-
tion for reinvigorating local governance practices 
to support cultural and biological conservation 
(Eckert et al., 2018). Evidence from other commu-
nities highlights certain enablers of adaptation, 
including strong Indigenous culture and knowl-
edge systems, locally-tailored climate education, 
collaborative decision-making, and mainstream-

KLUANE FIRST NATION ADAPTIVE FOOD SECURIT Y STRATEGY

“I remember my dad and my mom always had meat in their 
fish frame. [...] We can remember people coming and just 
cutting meat off and my mom and dad would just sit back. 
[...] I said, ‘Dad, why are you letting everybody take meat 
from your fish frame?’ He said, ‘I’m not worried because the 
more I give, the more I get back.’” —Kluane First Nation, 
2014, p. 24

In southwest Yukon, in response to observed chang-
es on the land and recognized impacts on traditional 
food systems, Kluane First Nation (KFN) developed a 
community food security strategy in 2014. Recogniz-
ing both the strong connection between KFN citizens 
and the land, and the threat of climate and landscape 
change not only to the natural environment, but also 
to the survival of First Nations as a people, the strategy 
emphasises the importance of protecting KFN home-
lands, waters and resources to build a healthy and 
sustainable food system for the future. 

Participants highlighted many activities that are al-
ready taking place to strengthen food security in the 
community, and recommended action items in sev-
eral areas. To protect the Traditional Territory in the 
face of climate change, participants encouraged both 
conservation and the monitoring of key areas and of 
impacts on culturally important species. Strengthening 
cultural practices was a key theme, specifically related 

to community-wide sharing and trading of traditional 
foods, community-organised harvesting and food dis-
tribution, and the application of ancient wildlife con-
servation methods. Relatedly, improving engagement 
with outfitting concessions and improving processes to 
procure donated meat were deemed priorities. A focus 
on youth empowerment was also deemed essential, 
including opportunities for youth to engage in cultur-
al activities and to learn from Elders and Knowledge 
Holders. Participants also supported the promotion of 
healthy eating including a wider range of tradition-
al foods within a mixed food system. Improving local 
food production was also supported, including rec-
ommendations to support home and community gar-
dening and greenhouse growing, as well as broad-
er agricultural production, including raising animals 
for food. Complementarily, a community store and 
storage facility were proposed, to improve food ac-
cess. Finally, participants recognized the importance 
of periodic community celebrations and get-togethers 
as opportunities to come together and share cultural 
activities, and engage children and youth.

This adaptive food security strategy is one example 
of a grassroots community effort to adapt to a chang-
ing environment and set a positive path forward for 
the future.
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ing climate adaptation into existing programs 
(Gauer et al., 2021). 

While local-scale autonomous adaptation ap-
pears to be especially important in mountain 
regions, municipalities and higher-level govern-
ments are also instituting adaptation plans to 
provide a framework for decision-making and 
action. Mountain communities are often dispro-
portionately susceptible to the impacts of climate 
change due to their isolation, tendency toward 
resource-based economies, and political under- 
representation (e.g., McDowell & Koppes, 2017). 
Their reliance on vulnerable mountain gifts and 
benefits (see Chapter 4), such as the supply and 
storage of fresh water (Aggarwal et al., 2021) or 
provision of the assets that fuel tourism-based 
economies (Knowles, 2019; Scott & McBoyle, 
2007), is also a factor. 

There is a small but growing body of peer- 
reviewed literature related to community-scale 
adaptation in Canadian mountain regions, as well 
as evidence stemming directly from local adapta-
tion plans and projects. Reports from the Canada 
in a Changing Climate platform review adaptation 
progress across the various regions of Canada, 
including mountain regions. Stories from the 
North tell of the experience developing Yukon’s 
first adaptation plan in Dawson City (Govern-
ment of Canada, 2021). The plan was created as 
part of a project that brought together three mu-
nicipalities in the interest of building adaptive 
capacity. Similar regional projects have happened 
elsewhere in mountain regions in Canada—for 
example a project in the Columbia Basin in Brit-
ish Columbia assembled nine local governments 
to assess adaptation progress and build skills and 
knowledge related to identified gaps (Nadeau & 
Rethoret, 2021). These examples, rooted in their 
specific mountain geographies and climates, 
demonstrate the value of place-based approaches 
to adaptation. The critical role of place-specific 
information in successful climate action points to 
a need to expand documentation of community 
risks, responses, and adaptation experiences in 
many geographies across Canada. 

As detailed in McDowell et al. (2021b), there 
are significant gaps between known adaptation 
needs and actual adaptation actions in mountain 
regions, and there are pervasive issues constrain-
ing progress. At an institutional level, a study of 
four North American regions (some of which are 

mountainous) identified both barriers and oppor-
tunities to adaptation actions. Barriers included a 
lack of political support and financial resources, 
as well as challenges in translating knowledge of 
complex, interacting factors into management 
actions. Opportunities were identified when col-
laboration, funding and strong leadership were 
present (Lonsdale et al., 2017). These findings 
align with the broader, non-mountain-specific 
body of knowledge on community climate adap-
tation planning in Canada (see e.g., Burch, 2010; 
Dale et al., 2020; Vogel et al., 2020). Lessons from 
the growing literature on rural climate adapta-
tion (see e.g., Drolet & Sampson, 2017; Vodden & 
Cunsolo, 2021) are relevant to mountain regions, 
given that many mountain communities are rural 
and share some similar adaptation challenges 
(e.g., small tax bases, demographic changes) and 
opportunities (e.g., high amounts of local and/or 
Indigenous knowledges, high rates of community 
participation).

The management of complex social-ecological 
systems through periods of change, which can be 
conceptualised as a form of adaptation (McDow-
ell et al., 2016), is challenging, and tensions and 
conflicts can often emerge due to differing rep-
resentations and relationships between diverse 
stakeholder/rights-holder groups with mountain 
environments. In this context, different forms 
of co-management (collaborative management) 
and/or scenario planning (AMAP, 2017) are com-
monly used to bring stakeholder and rights-holder 
groups together to share their visions, priori-
ties and decision-making power in an effort to 
achieve more holistic and effective management 
outcomes (Clark & Joe-Strack, 2017; Cruickshank 
et al., 2019; Danby et al., 2003; Staples & Natcher, 
2017). Some such arrangements have been in-
stitutionalised as a result of modern land claim 
agreements, ensuring Indigenous representation 
in decision-making regarding environmental re-
source management on their Traditional Territo-
ries. While these regimes are imperfect and often 
critiqued, it is important to recognize that they 
are in a process of maturation, and that signifi-
cant gains have been achieved (Clark & Joe-Strack, 
2017). In the Yukon context, Staples & Natcher 
(2017) highlight the important role of gender in 
such processes, recognizing the importance of 
women’s participation in achieving a positive in-
stitutional culture and holistic decision-making, 
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while noting that women and men experience 
barriers to participation in distinct ways. The vi-
gnette on Kluane First Nation above highlights 
the potential for First Nations to increase their 
influence on co-management decisions by using 
food security as a lens through which to re-frame 
resource issues (Cruickshank et al., 2019).

Despite the efforts and successes noted above, 
the relatively limited extent of adaptation re-
search and initiatives in the mountain areas of 
Canada calls attention to the need for increased 
efforts to study and collaboratively work to-
wards enhanced adaptation action in mountain 
systems in the country. Here, relatively well de-
veloped adaptation research and initiatives from 
other mountain areas globally (see McDowell 
et al., 2019)—including engagement with co- 
development, the political economy of adaptation, 
community-based adaptation, ecosystem-based 
adaptation, maladaptation, and adaptation gaps 
and limits—could prove instructive. However, we 
also see tremendous opportunity for researchers 
and communities in Canada to stimulate mean-
ingful innovation in adaptation theory and prac-
tice by way of novel insights from the Canadian 
mountain context.

5.13 Conclusions

The climatic and anthropogenic pressures on 
mountains in Canada and the resulting threats 
and impacts described in this chapter are both 
interconnected and increasing, raising import-
ant concerns around the future governance and 
sustainability of mountain regions. Threats to 
mountain ecosystems and communities vary 
considerably across mountain regions in Canada, 
and are unevenly distributed within and among 
each region, as well as among downstream com-
munities. The impacts of the pressures of climate 
change, land use change, and resource devel-
opment on mountain landscapes described in 
Mountain Environments (Chapter 2), their polit-
ical, cultural and spiritual significance elucidated 
in Mountains as Homelands (Chapter 3), and their 
contributions to human communities covered 
in Gifts of the Mountains (Chapter 4), are all in-
creasing as the population in Canada grows and 
the cascading effects of climate change become 
more extreme. These pressures are also becom-
ing increasingly entangled, requiring adaptation 

efforts to consider the interdependencies and 
tradeoffs among various biophysical and so-
cio-cultural systems. 

Mountains are often conceptualised as the 
water towers of the world, supplying a substan-
tial part of ecological and anthropogenic water 
demand. The effects of ongoing climate change on 
water supply and water quality due to glacier and 
snowpack decline in mountain areas in Canada 
will only intensify over the coming decades. 
Changes to ice, snow, and water in the mountains 
will exert increasing pressures on humans and 
ecosystems via increasing risks to natural haz-
ards, changes in water resources, and increasing 
transport and deposition of contaminants. The 
pathways connecting climate change to changing 
snowpacks, freshwater supply, and the impacts 
on people in the mountains and downstream re-
gions are important gaps in our understanding, as 
are the lack of systematic observational data and 
simulation products for informing hazard assess-
ment and adaptation.

Colonialism brought non-Indigenous popu-
lations to mountain regions in Canada, which 
generated and continues to exert pressures in 
new ways. This is especially true in the areas of 
governance, consultation, and overall viewpoints 
on who the mountains are for—or, more specifi-
cally—who has the right and responsibility to 
guide the trajectories of mountain systems in an 
era of rapid and profound environmental change. 
These questions also extend to who has the right 
and responsibility to create knowledge about 
mountain systems, what this knowledge looks 
like, and how it is produced and communicated. 

While there is a limited body of literature fo-
cused on community health and wellbeing in the 
context of mountain regions in Canada, there is 
growing awareness of the negative mental health 
impacts related to experiences of natural disas-
ters and climate change (Aylward et al., 2022), 
which are likely to increase in mountains in the 
future. Of the few health-related publications that 
are explicitly set in a Canadian mountain context, 
the majority focus on health and safety of those 
undertaking mountain-based tourism and recre-
ational activities. Indeed, mountains are host to 
recreational pursuits that contribute to mountain 
cultures and drive many mountain economies in 
Canada. As climate change and land use change 
continues to impact mountain environments, 
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information on how socio-cultural and economic 
systems are responding and adapting will be 
key. Given that visitation to mountain regions in 
Canada is on the rise, the lack of literature at the 
nexus of tourism, visitation, community health 
and wellbeing, and the natural environment rep-
resents an important gap. 

Overall, the pressures facing mountains in 
Canada—namely those of climate change, land 
use change, resource extraction, development, 
tourism and recreation demands, and gover-
nance of mountain spaces—need to be considered 
together in evaluating the combined and cumu-
lative impacts of these multiple stressors on the 
mountain systems of Canada, and in devising 
and assessing the associated adaptive responses. 
This is especially needed for local, communi-
ty-scale adaptation plans and projects, which are 
commonly implemented in response to climatic 
drivers combined with non-climatic stressors 
such as new or expanding economic activity 
(McDowell et al., 2019). Future research seeking 
to understand these connections will benefit not 
only from additional data and monitoring, but also 
from greater attention to, and better inclusion 
of, community members and context-depen-
dent cultural information, which has to date has 
been largely overlooked in favour of modelling 
approaches that seek to find generalizable pat-
terns. This will require further cross-training and 
cross-pollination among academic and govern-
ment researchers and decision-makers engaged 
in adaptation and mitigation planning, as well as 
continued engagement with mountain communi-
ties, most especially Indigenous communities.

This assessment is not comprehensive, and nu-
merous aspects of mountain pressures were not 
thoroughly assessed given gaps in author exper-
tise and time constraints (Table 5.4). 

Notwithstanding these gaps in our assessment, 
the CMA found that the existing literature on 
the changing pressures in mountains gravitates 
toward the mountains of the west. The Pacific 
Maritime, Montane Cordillera and Boreal Cor-

dillera regions account for the bulk of research 
and scholarship on mountain environmental and 
socio-ecological change, and pressures unique 
to eastern and Arctic Canada, as well as interior 
mountain regions, require greater attention. The 
knowledge gaps described in each section of this 
chapter are key areas for future research, but one 
overall priority is the need for more interdisci-
plinary and transdisciplinary studies in mountain 
regions in Canada, particularly with respect to 
questions about the interconnected aspects of 
pressures, threats, vulnerabilities, and adapta-
tions in mountain regions in Canada. Such efforts, 
at the intersection of Indigenous knowledges and 
natural, social, and health sciences, are needed 
if we are to successfully navigate the rapid and 
compounding changes affecting mountain sys-
tems in Canada.

Table 5.4: Examples of topics not thoroughly assessed in 
this chapter

Paleo-environments and natural forcings that have driven 
past changes in mountain regions over timescales of 
centuries to millennia.

Stresses on mountain ecosystems associated with climate, 
cryosphere, and hydrological change, and associated 
implications for biodiversity and ecological integrity.

Changing mountain hazards and extreme weather in 
mountain regions in Canada associated with climate 
change.

Recent remote sensing and modelling tools that are 
creating new capacity to monitor mountain environments, 
including early warning systems for mountain hazards. 

Patterns of migration and population pressures in different 
mountain regions of Canada.

Initiatives/policies and funding mechanisms to reduce 
vulnerability and support adaptation in mountain 
communities.

Recent changes in the governance structures of protected 
areas and other lands, which show promise for increasing 
self-determination and sustainable land use practices. 
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Glossary

Ablation: Processes by which snow or ice are removed, 
inclusive of melting, sublimation, wind erosion, and 
mechanical losses such as calving of icebergs or mass 
loss through avalanches.

Accumulation: Processes by which snow or ice are added  
to a system, including precipitation, condensation/de- 
position, wind deposition, and mass deposited through  
avalanches.

Albedo: The reflectivity of a surface in the solar (short-
wave) radiation spectrum, calculated from the ratio of 
the reflected vs. incoming solar radiation.

Bioaccumulation: The gradual accumulation of chem-
icals or contaminants within a living organism, often 
magnified through the food chain.

CanESM5: The Canadian global climate (Earth system) 
model used for the CMIP6 future climate change pro-
jections; CanESM is developed and run by the Canadian 
Centre for Climate Modelling and Analysis, a research 
group within Environment and Climate Change Canada.

Clear-cut: A previously forested area where most trees 
have been harvested and removed, leaving bare ground 
or stumps.

Climate downscaling: The process of interpolating cli-
mate data or climate model output to finer scales where 
it may better represent local processes and conditions.; 
this includes a wide range of statistical methods and 
dynamical (physics/model-based) approaches. 

CMIP: Coupled Model Intercomparison Project—an in-
ternational project that invites the global climate 
modelling community to perform simulations of his-
torical and future climate change under specified and 
standardised boundary conditions, allowing an in-
tercomparison of model projections under different 
climate forcing and emissions scenarios. These results 
feed into the IPCC analyses and the most recent exer-
cise was CMIP6, feeding the IPCC 6th Assessment.

Downwelling longwave radiation: Infrared radiation 
emitted from the sky (primarily from clouds and from 
greenhouse gases) towards the Earth surface.

Elevation-Dependent Warming (EDW): Systematic 
differences in the rate of warming at different eleva-
tions in association with climate change. This is often 
assumed to mean higher rates of warming at higher el-
evations, but the relation is more complex than that; 
there may be no altitudinal pattern, or the greatest 
degree of warming may be at lower elevations. The 
research community is now considering this concept 
more generally as elevation-dependent climate change 
(EDCC), inclusive of other meteorological variables.

Empirical- and process-based models: Empirical 
models are statistically based, grounded in obser-
vations with a statistical relation that essentially 
describes a fit to the data. Process-based models are 
rooted in a physical/mathematical description of the 
system, typically following principles of conservation 

of mass, momentum, and energy. These are intrinsi-
cally more transferable between sites, but are often 
limited by an incomplete understanding or represen-
tation of the physics at the relevant scales (i.e., by the 
intrinsic complexity of nature).

Evapotranspiration: Water loss through a combination 
of evaporation (e.g., for soil or surface water) and tran-
spiration (e.g., vapour loss through plant stomata).

Forcing(s): Drivers of change to a system, typically refer-
ring to external agents. For instance, climate forcings 
include solar radiation (i.e., changes in solar irradi-
ance), volcanic influences (e.g., releases of sulphate 
aerosols, which have a cooling effect), anthropogenic 
drivers (greenhouse gas emissions), and many other 
forcings. 

Glacier terminus: The lowest point of a glacier. Glacier 
ice flows to this point from higher elevations, as ab-
lation exceeds accumulation at lower elevations in 
glacial systems.

Hydrograph: A graph depicting the discharge of water 
with time within a river system. This can be over a 
short period (e.g., a storm hydrograph) or over a year 
(an annual hydrograph). 

Hydrological catchment: The area of land from which 
water flows into a river, lake, or reservoir.

In situ: Direct observations or measurements from 
ground control sites, in contrast with remotely sensed 
or modelled estimates of ground conditions.

IPCC: Intergovernmental Panel on Climate Change
Isotherm: Points with a common temperature, which can 

be illustrated by a line or surface on 2D or 3D represen-
tations of the terrain.

Invasive species: Organisms that are not native to a 
particular region. They may be benign but this term is 
usually used for intrusive species that disturb the re-
gional ecosystem dynamics.

Katabatic winds: Downslope winds associated with 
drainage of air from high-elevation plateaus, where 
cold air masses create dense air (a thermal high pres-
sure) that drives the cold-air drainage. These are 
common on large icefields, but are not restricted to 
glacier environments.

Proglacial lake: Water body adjacent to a glacier termi-
nus, often occupying a basin created through glacial 
erosion which becomes exposed when the glacier re-
treats. These are often dammed by glacier moraines. 
Glacier lake outburst floods usually involve proglacial 
lakes.

Radiative balance: The net solar (shortwave) and in-
frared (longwave) radiation balance at a point or av-
eraged over the planet. This includes incoming minus 
reflected solar radiation and the incoming infrared ra-
diation from the sky/clouds minus outgoing infrared 
radiation emitted from the surface. Radiation balance 
is usually positive by day and negative overnight. 
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Snow cover: The spatial extent or area of snow on the 
ground. 

Snow water equivalent (SWE): The thickness of a water 
layer one would produce by melting all of the snow at 
a given location. This essentially converts from the av-
erage density of the snowpack to the density of water, 
to represent the volume of water within the snowpack.

Snowpack: The amount of snow on the ground, ex-
pressed through its depth (in cm or m) or its snow- 
water equivalence.

SSPs: Shared socio-economic pathways: Greenhouse gas  
emissions scenarios for the 21st century based on 
various assumptions about global population growth, 
economic development, and the carbon intensity of 
the world’s energy, transportation, and agricultural 
systems.

Sublimation: Phase change of snow or ice to water 
vapour.
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“The fox brought the daylight. All of the other animals came 
after the sun and moon had gone into the sky. All of the 
animals had come together to make the day, because the 
earth was covered, like a really foggy day. All of the animals 
started to jump up to try to tear away that covering on the 
earth. If you’ve ever watched in the autumn and winter, 
the ńthe (fox) jumps high and lands deep in the snow to get 
what they’re hunting. They’re very light and they can jump 
very high. So it was the ńthe (fox) that tore the membrane 
on this earth. We call that, kamba k’anchäl. When the earth 
is torn from the membrane and you have the light on the 
edge of the mountains, or over the prairies, or the ocean. 
The Raven gave a piece of that sun to the ńthe (red fox). 
That’s why when you look at the tail, it’s got white with red 
all around it, like the sun. That was his gift for giving us the 
daylight here on earth. The kind of work that everybody has 
been part of for this mountain assessment, and has thought 
carefully and critically about, and has celebrated over these 
last three years, it’s sort of like that time, where that day-
light is just opening over the side of the earth and the sky. 
That’s the kind of work that this assessment has done, it’s 
given us a little bit of that daylight.”—Elder Gùdia (Mary 
Jane Johnson), Lhu’ààn Mân Ku Dań, 12 January 2023

We have learned a great deal in these three years 
of the Canadian Mountain Assessment (CMA). 
Much was already known but not widely shared 
across the divides of Indigenous and Western 
knowledge systems. Some was new learning; not 
new research, but new insights from working to-
gether in a project that spanned time, cultures, 
and landscapes. 

We learned that mountains are Homelands. 
Mountains are unimaginably diverse. Mountains 
are changing. Mountains are humbling in their 
vast extents and the scale of cultural knowledge 
about them. Mountains are boundary zones 
between peoples, languages, species, and move-
ment, but yet they connect us as well as divide 
us. Mountains are water towers that nourish 
lower and drier lands. Mountains are sources 
of livelihood. Mountains are places of envy and 
awe, which is why so many people flock to them. 
Mountains are places where we come to challenge 
ourselves and seek insight. Mountains are sources 
of inspiration for art, music, stories and writing. 
Mountains are spiritual both through long tradi-
tion and contemporary wonder. Mountains bear 
testament to colonial injustices, and cast long 
shadows.

The CMA had its early glimmers in 2020 as 
the COVID-19 pandemic was settling in. Moun-
tain researchers and communities in Canada had 
not taken collective stock of mountains and the 
importance they place in people’s lives, despite 
efforts to do so in other mountain areas globally; 
notably, in the Hindu Kush Himalaya. A com-
prehensive assessment of mountain regions in 
Canada was overdue. Motivated by the vision of 
the Project Leader, and with a remarkable team 
of national and international Advisors, the CMA 
began to take shape.

CHAPTER 6

Desirable Mountain Futures

CO-LEAD AUTHORS: Keara Lightning, Eric Higgs

CONTRIBUTING AUTHORS: Leon Andrew, Stephen Chignell, Megan Dicker, Erika 
Gavenus, Murray Humphries, Lawrence Ignace, Aerin Jacob, Gùdia Mary Jane Johnson, 
Stephen Johnston, Michele Koppes, Shawn Marshall, Graham McDowell, PearlAnn 
Reichwein, Joseph Shea, Daniel Sims, Niiyokamigaabaw Deondre Smiles, Madison 
Stevens, Hayden Melting Tallow, Andrew Trant, Gabrielle Weasel Head
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It was a daunting task. An early commitment 
was made to an inclusive approach that brought 
together people from diverse backgrounds and 
ways of knowing. This was not to be an assess-
ment of Western academic knowledge alone; it 
was also about elevating Indigenous knowledges 
and making space for what might be learned by 
bringing the two into respectful conversation. 
Guided by five principles (see Chapter 1, Fig. 
1.10)—Service, Inclusivity, Humility, Responsi-
bility, and Action—the work began. Much of it 
was done in the confines of virtual spaces dotted 
across mountain areas in Canada, but a face-to-
face gathering in Banff in May 2022 brought 
people and ideas together (Fig. 6.1).

Each core chapter of the CMA was co-led by 
Indigenous and non-Indigenous individuals to 
support equitable knowledge co-creation, with 
many additional Contributing Authors support-

ing the preparation of CMA chapters. Mountain 
Environments (Chapter 2) described the physical 
characteristics and environmental significance 
of mountains in Canada, including their geolog-
ical evolution and the importance and impact of 
mountain systems on local and regional climate, 
and ecosystems and biodiversity. Mountains 
as Homelands (Chapter 3) provided a vibrant 
account of those who live among or near moun-
tains, and the complicated legacy of colonial 
governance, protected areas, private property, 
access to culturally important lands and waters, 
and “how science, labour, recreation, and art 
have shaped perceptions and experiences of 
mountains as places.” Gifts of the Mountains 
(Chapter 4) accounted for that which mountains 
provide, as gifts of sustenance, spiritual and cul-
tural expression, and enjoyment. The chapter 
also acknowledged the importance and obligation 

Figure 6.1: CMA contributors coming together in Banff to discuss their diverse knowledges of mountains in Canada, 
May 2022. Photo courtesy of David Borish.
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of reciprocity, as well as difficulties in manifesting 
reciprocity in the context of extractive resource 
activities. Mountains Under Pressure (Chapter 5) 
examined drivers and impacts of environmental 
and social change in mountains, including devel-
opment, recreation, resource extraction, and the 
cascading consequences of climate change.

More than twenty CMA participants combed 
through draft versions of these chapters during 
a workshop on 12 January 2023 to seek emergent 
themes that might guide us towards desirable 
futures for mountain people and places. The 
intention was not to chart exact futures or to de-
scribe one path against another, but to articulate 
how to think about desirable mountain futures. 
We dug deeper into the lessons that the Assess-
ment taught us and emerged with four themes: 
connectivity; elevating Indigenous knowledges; 
access and barriers to relationships; and humility. 
These are ways of approaching the future, ways 
of guiding the work of people who think and care 
deeply about mountains.

6.1 Connectivity

Mountains bring connectivity into focus in sev-
eral ways. The valleys and plains near mountains 
are places of habitation and use, while at the same 
time they are forbidding topographic barriers 
that can restrict those living in these regions from 
accessing adjacent mountainous regions. Moun-
tains shape the way people and animals move 
across landscapes. Low points in mountain passes 
and corridors along ridges and valleys make 
travel easier. Daunting ranges of mountains, such 
as those along the Continental Divide, influence 
cultural, environmental, ecological, hydrological, 
and climatological transitions. Rivers flow from 
mountain sources to connect communities and 
ecosystems hundreds of kilometres apart.

Thinking about connectivity in mountain land-
scapes also highlights the challenges of fragmen-
tation. Anthropogenic disruption of connectivity, 
through the building of roads, dams, pipelines 
and other oil and gas extraction infrastructure, 
mines, and the harvesting of forests, can pro-
duce restricted spaces and isolated communities. 
This loss of connectivity results in the separa-
tion of people and animals from Homelands and 
homes, isolation from places of learning and from 
other-than-human teachers and kin, and leads 

to a divided and an impoverished understand-
ing of mountains and mountain peoples. Polit-
ical boundaries also disrupt connectivity when 
people dwell across mountains that are divided 
by imposed borders. Likewise, fragmentation of 
space through private ownership and jurisdiction 
can separate people from access to important 
mountain places. As well, researchers working on 
specific problems in the mountains can find it dif-
ficult to connect their work because knowledge 
is often organised by discipline and not by place. 
Such disciplinary fragmentation challenges ef-
forts to understand mountain systems in more 
holistic ways. It can also be difficult to connect 
research insights across space, as most mountain 
research is focused on specific study areas, limit-
ing understanding that comes from landscape (or 
larger) scale analyses. 

There is a temporal dimension to connectivity, 
too. People cherish stories and accounts of the 
past as a way of maintaining deep connections to 
mountain places. Physical fragmentation disrupts 
long-standing place-based systems of knowledge 
transmission and separates people from each 
other, which can make it harder to share and 
maintain stories. The persistence of such knowl-
edge requires connection between generations, 
yet legacies of colonialism, rapid changes in 
mountain livelihoods, and compromised access to 
the Land disrupt this continuity. Fragmentation 
invites us to consider how to reconnect spatially 
and temporally, ecologically and socially, to allow 
future generations to find refuge, enjoyment, and 
meaning in special mountain places.

6.2 Elevating Indigenous Knowledges

This assessment set out to work towards braiding 
Western academic and Indigenous knowledges of 
mountains. The relationships that have been built 
from this process have impacted us all. As authors 
we believe it important to bring our voices to-
gether to enhance our collective understanding 
of mountains. Throughout this assessment, we 
observed how many of the pressures and barriers 
in mountain areas have been caused by the impo-
sition of colonial rule, whether manifest through 
knowledge systems, economic systems, or land 
management. In order to create a better future, 
we must come to terms with and address these 
issues. 
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We observed many strengths, but also lim-
itations in the Western academic paradigm. 
Disciplinary approaches are inherently limited 
compared to more encompassing approaches 
that approach mountains as complex systems, 
including human elements. Many mountain re-
searchers (Indigenous and non-Indigenous) are 
driven by a felt sense that is not acknowledged in 
the traditional scientific/academic systems of re-
cording knowledge. Several authors spoke about 
their own deep spiritual connection to moun-
tain places. There is also a sense that something 
is deeply wrong in the way mountain spaces are 
currently treated, an awareness that drives many 
of us in this work. Non-Indigenous researchers 
spoke of academic knowledge alone failing to 
account for the diversity of ways people experi-
ence mountains. The process of working across 
and between knowledge systems is also an inter-
nal process of deconstructing key assumptions to 
evaluate what is worth keeping and what is best 
to let go.

While the original language used in our process 
was “knowledge co-creation” and “knowledge 
braiding,” our discussions during the workshop 
highlighted the importance of elevating Indig-
enous knowledge systems. This does not mean 
elevating Indigenous knowledges to the exclusion 
of Western academic knowledge, but rather seek-
ing to unpack such discursive boundaries while 
prioritising Indigenous-led efforts. For example, 
the language such as co-creation and braiding can 
reinforce a binary that obscures the ways that In-
digenous knowledge and science have long been 
entangled and co-produced, such as the presence 
of processes similar to those used in Western aca-
demic inquiry that are already within Indigenous 
knowledge systems, as well as the widespread 
scientific methods used by Indigenous communi-
ties to benefit their governance and livelihoods. 
In discussing the importance of building com-
munity capacity through scientific training, 
Gabrielle Weasel Head acknowledged, “Some of 
the knowledge that [science] is now generating is 
knowledge that has been held in our communities 
for thousands of years... there’s a lot of stories in 
our Nations [and] they are the blueprint for our 
scientific worldview” (LC 6.1). 

By casting certain forms of technical and aca-
demic knowledge as exclusively non-Indigenous, 

a binary view can reinforce a static notion of 
Indigenous knowledges and constrain the cre-
ative capacity of Indigenous knowledge systems 
in ever-shifting global systems of governance. A 
few of the Knowledge Holders participating in 
the Learning Circle referred to the importance 
of scientific and technical training to support 
their communities’ governance systems. Brandy 
Mayes (Kwanlin Dün First Nation) described how 
Kwanlin Dün First Nation members were trained 
in the skills necessary to run their own resource 
management projects in their territory: “taking 
that science-based information and teachings to 
mentor our own people so we could do this on our 
own... we are using that science, but we’re also 
being led by some of our own traditional knowl-
edge” as well as “a lands vision from our Elders 
and our citizens” (LC 6.2). The binary also fails to 
recognize the individuals who are informed by 
both Western academic training and Indigenous 
ways of knowing, which includes many of this 
CMA’s authors, as well as the distinctions between 
different Indigenous knowledges and distinct 
Western academic traditions. Many Indigenous 
scholars have made significant contributions and 
theoretical interventions into Western academic 
disciplines, which can inform the methods and 
frameworks used in such disciplines and offer 
productive avenues of inquiry. Western knowl-
edge systems are similarly diverse, with markedly 
different cultures and approaches in natural, 
social, and health sciences.

Gabrielle Weasel Head, 
Kainaiwa Nation, Blackfoot 

Confederacy, 2022, LC 6.1

Brandy Mayes,  
Kwanlin Dün First 
Nation, 2022, LC 6.2 
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Elevating Indigenous knowledge systems takes 
many forms (see e.g., McGregor, 2021). Some ideas 
of what this looks like are: directing resources to-
wards research and training opportunities within 
Indigenous communities, supporting Indigenous- 
led documentation of Indigenous knowledges, en-
abling the resurgence of Indigenous stewardship 
practices, and conducting collaborative projects 
in a way that cultivates Indigenous communities’ 
capacity. For Indigenous students and scholars, 
employing the tools and techniques of Western 
scientific methods, in a manner aligned with 
their philosophies and protocols while address-
ing questions their communities define, may also 
serve this purpose. These efforts are necessary 
to allow research that, rather than using decon-
textualized Indigenous knowledges to satisfy 
non-Indigenous curiosities, can instead pursue 
the questions and issues that are important to In-
digenous communities. 

Importantly, a focus on elevating Indigenous 
knowledges does not preclude advancement and 
continued learning within the context of Western 
academic institutions and paradigms. Indeed, this 
assessment has illustrated that among Western 
academic fields of inquiry there is much we still 
do not know about the mountains in Canada. For 
example, this assessment has demonstrated that 
humanities and social science inquiries into the 
pressures affecting mountain systems remain lim-
ited compared to work in the physical sciences. 
Limitations in long-term monitoring networks in 
mountains mean that there is also considerable 
uncertainty in what the future could hold for 
mountain hydrological systems, biodiversity, and 
snow and ice amid rapid environmental change. 
Enhancing Western academic understandings of 
mountain systems—particularly by urging aca-
demics to work across siloed disciplines and to 
approach their scholarship with awareness of 
its underlying assumptions and limitations—will 
also be crucial to realising desirable mountain 
futures. Ultimately, we aspire to ensure that “all 
boats float” when it comes to supporting diverse 
ways of knowing mountain systems in Canada.

We argue that achieving equitable sharing of 
knowledges across ways of knowing requires par-
ticular attention to elevating First Nations, Métis, 
and Inuit knowledge systems which have long 
been delegitimized in the dominant paradigm of 

producing knowledge. Given the asymmetries in 
how knowledge is currently defined, a desirable 
future requires all of us to dig deeper than the 
goal of acknowledgement or inclusion—to think 
beyond Western academic constructs to see how 
different ways of knowing hold a different un-
derstanding of where we place ourselves in this 
world. This is also relevant to thinking about what 
sustainability might look like as “sustainability 
requires recognition and restoration of reciprocal 
relationships between peoples and places (Wild-
cat, 2013).” 

6.3 Access and Barriers to 
Relationships

Many authors and Learning Circle participants 
stressed the importance of fostering relationships 
between people and the mountains. Indigenous 
contributors expressed the importance of moun-
tains as spaces for ceremony, medicines, food, and 
as storied places with deep generational connec-
tions that are vital for their survival. And most of 
us depend on mountains for clean water, spiritual 
connection, mental health and wellbeing, foods 
and medicines, and more. 

Recreational activities such as mountaineering, 
climbing, skiing, running, canoeing, and kayaking 
have led many people to develop an apprecia-
tion for the gifts of the mountains. Developing 
this sense of connection to mountain landscapes 
through recreation can engender a respect and 
emotional connection to mountains. However, 
there is also a history of mountains being gov-
erned as exclusive spaces. Recreation, tourism, 
resource development, and sport hunting were 
encouraged to the exclusion of Indigenous Peo-
ples’ access and livelihoods. This exclusivity of 
space has also extended to exclusion on the basis 
of racialization, gender, age, class, and ability. 

Intergenerational relationships are especially 
important to uplift going forward, to carry for-
ward the knowledge of the older generations and 
mentor new generations in mountain knowledge 
and relationships. Lhu’ààn Mân Ku Dań Elder 
Gùdia Mary Jane Johnson spoke of how young 
people generally have more energy and physical 
strength than older people, while elders carry 
mental and spiritual strength developed through 
their years. Just as we bring different forms of 
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knowledge together to enhance understanding, bringing these different 
experiences and abilities together makes our collective efforts stronger 
and supports the action needed to move forward (LC 6.3).

There is a balance still to be found in considering the negative im-
pacts of human access to mountain places. The language of access can 
imply an entitlement to the gifts of the mountains. We emphasise that 
the issue of access is one of identifying barriers to relationships, and 
importantly, finding ways to enact these relationships that respect the 
presence and needs of diverse human values in the landscape as well as 
the needs of other-than-human beings that dwell in mountain places. Nę 
K’ǝ Dene Ts’ıl̨ı Elder Leon Andrew describes this need to co-exist in part-
nership between different peoples and wildlife: “One thing we know for 
sure is Mountain Dene people coexist with wildlife for how long—we’re 
like partners. So now you guys learn to coexist with us too” (LC 6.4).

Animals and plants also depend on mountain spaces. As people take up 
more and more space, the relative remoteness of mountains has provided 
vital habitat even to species not originally associated with mountain 
environments. For the future of ecologically and culturally important 
species, such as bison and grizzly bears, mountain-dwelling remnant 
populations and the relative connectivity found across mountain hab-
itats make these places vitally important for the success of ecological 
restoration efforts. Building relationships to the mountains should thus 
also embody an ethic of care, reciprocity, and gratitude.

Barriers to relationships include not only those which limit physical 
access to land in a recreational sense, but also the lack of access to polit-
ical power needed to carry out the responsibilities of land stewardship 
that maintain intergenerational relationships to place. Both parks and 
private land ownership have imposed distant governance systems on 
Indigenous homelands in mountain spaces. Gabrielle Weasel Head high-
lighted the ways in which such impositions have infringed on the rights 
set out in treaties: “Our treaty rights with regards to land access have 
been infringed on... We need to get a really good understanding of how 
the legalities of access are structured, and really tie that back to treaty... 
People’s responsibilities to treaty [are] not common knowledge” (LC 6.5). 
However, as Dr. Daniel Sims (Tsay Keh Dene First Nation) reminds us, 
not all Indigenous nations in Canada have treaties with the Crown, and 
many still maintain inherent Indigenous rights. While for treaty Na-
tions, treaties set out a Nation-to-Nation relationship with the Crown, 
without a treaty, Canada has no legal standing to enforce its presence: 
“There’s no pretence of treaty. It’s just we are here, we have always been 
here, and you guys are the new arrivals” (LC 6.6). This also reminds us 
that lands that have been constructed by Western culture as wilderness 
have in reality been occupied by Indigenous Peoples for a very long time. 
The restoration of such ecosystems is intertwined with the restoration 
of Indigenous knowledge systems, stewardship, and governance. Some 
promising areas where this is advancing are Indigenous Protected and 
Conserved Areas (Artelle et al., 2019; Zurba et al., 2019) as well as In-
digenous governance established through land claims such as in Tongait 
KakKasuangita SilakKijapvinga (Torngat Mountains National Park).

Gùdia Mary Jane Johnson, 
Lhu’ààn Mân Ku Dań, 2022, LC 6.3 

Leon Andrew, Nę K’ǝ Dene 
Ts’ı ̨l̨ı, 2022, LC 6.4 

Gabrielle Weasel Head, 
Kainaiwa Nation, Blackfoot 

Confederacy, 2022, LC 6.5 

Daniel Sims, Tsay Keh Dene 
First Nation, 2022, LC 6.6 
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6.4 Humility

Mountains are sacred, old places of ceremony 
and story, creation and rebirth; they humble us 
in their size and stature. Looking up at the moun-
tains, they remind us of how small we are as 
individuals, of how short a time we have to make 
our contribution in this life.

This assessment set out to evaluate what we 
know, what we do not know, and what we need to 
know about mountains in Canada. This has been a 
humbling task. Over and over again we have come 
back to recognizing just how much we do not 
know. We’ve come across many people and places 
that are under-represented in the academic liter-
ature that is currently available. With humility, 
the CMA aimed to identify those gaps in order to 
point directions for future projects and necessary 
partnerships to move forward together.

This humility extends to the relationships that 
have been built during the assessment, as we have 
worked to create a shared body of knowledge 
from a team of 75 authors from different disci-
plines, backgrounds, and geographies. Nurturing 
these relationships with a shared desire to learn 
and build trust has been crucial to working to-
gether to bring together a systematic review of 
the literature with the knowledge shared in the 
Learning Circle. The content of this report is the 
result of collaboration and compromise, and the 
humility required to allow multiple perspectives 
and understandings to coexist.

Humility is important in acknowledging the 
changing dynamics of mountain ecosystems. In 
writing about desirable mountain futures, we op-
erate from humility and respect for how little we 
can know about the future. While collecting the 
best information to plan for the future, we em-
brace uncertainty. As mountain systems change, 
we must also change. Lhu’ààn Mân Ku Dań Elder 
Gùdia Mary Jane Johnson described how to shift 
our approach to planning: “You need to start 
from [observing] the roots of the trees and the 
plants, the soil, the water that comes and feeds 
them. What kinds of animals come, and need life 
and sustain themselves on that land and water. 
And then, you put people beside that, and you say 
I’m going to manage the people’s activity, not the 
animals. You are not managers of any animals, 

any other ones except for yourself” (LC 6.7). As 
much as we try to plan for, predict, and shape the 
future, we are going to be living with mountain 
ecosystems that are full of novelty: novel ecosys-
tems and assemblages of species, as well as new 
ways of relating to and being in the mountains. 
Humility calls for each of us to take on our in-
dividual and collective responsibilities to the 
mountains from our respective positions, under-
standing that while no one person alone can see 
the whole picture, together with many perspec-
tives, the view becomes clearer.

6.5 Endings as Beginnings

This chapter concludes the Canadian Mountain 
Assessment, but endings are also beginnings. 
The CMA brought together people from diverse 
backgrounds and viewpoints to assess, for the 
first time, mountain systems in Canada. In the 
writing of this assessment, boundaries separat-
ing disciplines and cultures were traversed, and 
the result is something new: an account of land-
scapes where history and experience are shaped 
by mountains. In many ways this constitutes a 
baseline, a moment in time, against which future 
efforts will be compared. In the future we hope 
people will look back upon this compilation as a 
reservoir of helpful knowledge, and as a starting 
point (Fig. 6.2).

Thinking about the assessment as a baseline 
focuses attention on the product of the knowl-
edge and less on the process by which it came 
about. While always intending to present multi-
ple ways of knowing mountains, few participants 
were prepared for how profound this exchange of 
knowledges would be, and what it would spark. 
Working in this space was new terrain for many 

Gùdia Mary Jane Johnson, Lhu’ààn  
Mân Ku Dań, 2022, LC 6.7 
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who contributed to the Assessment, and it has 
been a learning journey for all involved. As with 
many significant journeys, the final outcome was 
often uncertain. As Gùdia remarked, “[S]ome-
times when we undertake hard work, we want 
to see the end result, we want to get it done, but 
sometimes it doesn’t happen quickly. We have to 
pass it along to the next generation, like a good 
story.”

A mark of accomplishment for the CMA will 
be the extent to which it finds its way back into 
the hands of scholars, communities, and policy 
makers, and from there stimulates efforts that 
address the needs and opportunities identified in 
the assessment. As a starting point:

• We ask that mountain researchers, commu-
nities, and policy makers in Canada reflect 
on the findings of the CMA, and resolve to 
attend to key issues in ways that manifest 
the spirit and intent of the CMA.

• We emphasise that appropriate and effec-
tive inclusion of Indigenous knowledges 
in these efforts requires recognition of 
the governance systems and worldviews 
that underpin such knowledges, which 
in turn requires support for Indigenous 
self-determination. This should be fore-
grounded in conversations about ethical 
engagements with Indigenous Peoples and 
their diverse knowledges.

• We challenge the national research 
community to embrace transdisciplinary 
approaches to advancing understanding 
of mountain systems in Canada. Here, 
meaningful collaboration with local and 
Indigenous communities; decision-makers; 
and humanities, social, natural, and health 
sciences scholars provides an opportunity 
to improve understanding of many 
dimensions of mountain systems in the 
country.

Figure 6.2: The CMA provides an opportunity to learn, reflect, and be inspired to work for desirable mountain futures. 
Photo courtesy of Paul Zizka, 2014.
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• We call on the Government of Canada to 
outline commitments to action for moun-
tains in their next Sustainable Development 
Strategy (and other relevant policy frame-
works), and, furthermore, to join the UN’s 
Mountain Partnership. These are important 
steps in formalising Canada’s commitment 
to the health, well-being, and resilience of 
mountain systems in the country, and are 
cogent actions given the findings of the 
CMA, including the fact that Canada is the 
4th most mountainous country globally. 

• We request that all levels of government, 
intergovernmental and non-governmental 
organisations, and philanthropic groups 
increase their support for mountain com-
munities and mountain researchers in their 
efforts to better understand and steward 
mountain systems in Canada. 

• We propose that the CMA should be an 
ongoing initiative, and that subsequent 
assessments be conducted every ten years. 
Like other large-scale assessment platforms 
(e.g., IPCC, IPBES), this approach will sup-
port efforts to track progress in addressing 
gaps and opportunities identified in earlier 
reports. Importantly, subsequent iterations 
of the CMA should build upon and improve 
(rather than duplicate) the methodology 
followed herein according to feedback based 
on this report and in accordance with future 
norms and aspirations. 

• We suggest the establishment of a national 
institute for mountain studies, which 
would serve to support, mobilise, and grow 
the network of mountain researchers, 
Indigenous Knowledge Holders, and prom-
inent thinkers that the CMA has convened. 
Such an institute would be a champion for 
mountain systems in Canada, interface with 
international efforts such as the Mountain 
Research Initiative and the UN Mountain 
Partnership, and could coordinate future 
iterations of the Canadian Mountain 
Assessment. 

• Finally, we invite those involved with major 
assessment activities in Canada and abroad 
to consider how the CMA’s approach might 
inform their own activities going forward. 
The CMA is not a blueprint to be mapped 
onto other contexts, but its normative 
commitments, attendant methodologies, 
and subsequent findings are instructive and 
can inform future knowledge assessment 
initiatives.

We are grateful for the opportunities and learn-
ing that the CMA has provided for each of us. Our 
hope is that what we have prepared will inspire 
new research, relationships, and actions that help 
to secure desirable futures for mountain systems 
in Canada, and beyond. The story is yours to carry 
forward.
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Carolina Adler
I am a dual national from Chile and Australia, 
living in Switzerland, and enjoy a close relation-
ship with mountains, having lived, played, and 
worked among them for most of my life. I am 
an Environmental Scientist and Geographer by 
training, and obtained my PhD at Monash Uni-
versity (Australia) in 2010, focusing on climate 
change adaptation and policy processes in moun-
tain regions, receiving the Lasswell Prize for best 
thesis. In 2017, I became Executive Director at 
the Mountain Research Initiative (MRI), a global 
research coordination network based in Switzer-
land, through which I not only support regional 
and thematic networks on global change research, 
but also foster partnerships with various entities 
including with Future Earth, the Belmont Forum, 
UN Environment Programme, UNESCO and the 
Man and the Biosphere Programme, Mountain 
Partnership, the World Meteorological Organiza-
tion (WMO), and the Group on Earth Observations. 
I am also a member of the WMO Executive Council 
Panel on Polar and High Mountain Observations, 
Research and Services, and serve as Indepen-
dent Board Member at the International Centre 
for Integrated Mountain Development. In 2017 I 
was appointed as Lead Author for the Intergov-
ernmental Panel on Climate Change, writing and 
coordinating assessment content on mountains 
and climate change in its sixth assessment. It is 
in this capacity that I was also involved in sup-
porting the CMA by sharing these experiences 
and insights.

Leon Andrew
I am a Shúhtaot’ın̨ę elder with the Tulıt́’a Dene 
Band. I am Research Director and Chair of the Nę 
K’ǝ Dene Ts’ıl̨ı ̨(Living on the Land) Forum. I served 
as a Special Advisor to the Ɂehdzo Got’ın̨ę Gots’ę ́
Nákedı (Sahtú Renewable Resources Board) for 
many years. I have been an advisor to Aboriginal 

Affairs and Northern Development Canada and 
the Government of the Northwest Territories 
(GNWT) on Transboundary Water negotiations 
with Alberta. I was an Access and Benefits nego-
tiator and served on the Canol Heritage Trail 
Committee for the Tulıt́’a District during 2004–
2006. I have also served on the Board of the Tulıt́’a 
Land and Financial Corporation. I have provided 
my research expertise on numerous traditional 
knowledge studies, assisted and advised GNWT 
Archeologists from the Prince of Wales Museum, 
and am also an experienced interpreter in Dene 
and English languages. I was an active trapper 
in the Tulıt́’a area and have first-hand experi-
ence of both the positive and negative effects of 
exploration activities on the environment and 
traditional economy of the Northwest Territories. 
Recognized as one of the Sahtú Region’s most ex-
perienced researchers, I now serve in a leading 
capacity in various regional, national and inter-
national research programs involving research 
and monitoring: the NWT Water Stewardship 
Strategy, Mackenzie River Basin Board, the Cana-
dian Mountain Network, Northern Water Futures, 
and Ărramăt: Biodiversity Conservation and the 
Health and Well-being of Indigenous Peoples (a 
network proposed to the New Frontiers in Re-
search Fund of Canada’s research Tri-Agency). I 
represent the SRRB on the NWT Conference of 
Management Authorities and the NWT Species At 
Risk Committee 

Caroline Aubry-Wake
I am passionate about studying the movement of 
water in mountain landscapes, encompassing gla-
ciers, snowpack, lakes, and rivers. The captivating 
beauty of mountain glaciers initially drew me in, 
but as I delved deeper into their significance for 
water resources, I became immersed in the field 
of mountain hydrology. My research journey 
has taken me across diverse mountain ranges, 
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including the Canadian Rockies, where I currently 
reside, as well as the Alps, the Andes, and the Hi-
malayas, where I am conducting my postdoctoral 
research in collaboration with Utrecht Univer-
sity. Among these ranges, the Chic-Chocs of the 
Gaspé Peninsula hold a special place in my heart 
as my first encounter with mountains. Explor-
ing these mountain ranges, both scientifically 
and recreationally, continually deepens my fas-
cination with their unique characteristics. I have 
come to appreciate that water represents just one 
facet of the intricate and diverse systems found in 
these mountains. Moreover, I am grateful for the 
opportunity to contribute my expertise in moun-
tain water through my involvement in the CMA, 
enabling me to further explore mountain his-
tory, culture, and gain insights from Indigenous 
perspectives.

David Borish
I am a social science researcher and filmmaker 
with the Torngat Wildlife, Plants, and Fisheries 
Secretariat in Labrador, Canada. My work focuses 
on using audio-visual methodologies to document 
and communicate Indigenous Knowledge, as well 
as to explore the human dimensions of ecological 
change. During my doctoral work, I directed HERD: 
Inuit Voices on Caribou, a research-based documen-
tary film about the impact of caribou population 
declines on community well-being in Labrador. I 
am now a core lead on the Nanuk Narratives proj-
ect, which aims to leverage documentary film as 
a tool to preserve and communicate Inuit knowl-
edge of polar bears across the Eastern Arctic. As 
part of these initiatives, I developed a method 
that blends video editing, qualitative analysis, 
and community co-creation—all with the goal of 
making Indigenous Knowledge more accessible 
and influential in ecological management. Build-
ing on this experience, my work with the CMA 
focused on visually documenting the knowledge 
shared during the Learning Circle. I have helped 
to manage and make this audio-visual knowledge 
accessible for authors to explore in more detail, 
and ultimately inform various sections of the 
final assessment. 

Stephen Chignell
I am a PhD Candidate in the Institute for Resources, 
Environment and Sustainability at the University 

of British Columbia. My interest in mountains 
stems from my experience growing up in the 
diverse physical landscape and colonial (knowl-
edge) politics of Hawaiʻi Island. I have a back-
ground in geospatial analysis, social-ecological 
systems, and critical physical geography, as well 
as research experience in the Colorado Rocky 
Mountains, the Bale Mountains in Ethiopia, and 
the Dry Valleys of Antarctica. I am a White settler, 
and relatively new to the mountains in Canada, 
but bring to the CMA an interdisciplinary per-
spective, curiosity, and excitement to contribute 
to an effort that reflexively considers knowledge 
production practices and attempts to weave to-
gether multiple ways of knowing.

Ashley-Anne Churchill
Weytkp, xwexweytep, Ashley-Anne Churchill 
ren skwest. Secwépemc-ken ri7. Te Simpcw re 
st̕7é7kwen. My professional background is in In-
digenous Title, Rights, and Interests, working as 
a technical and research consultant for Indige-
nous communities and nations for over a decade. 
I design and facilitate custom technical training 
for referrals and Consultation staff directly in 
community and have previously taught the CSTC 
Referrals Officer Training Program. Recently, I’ve 
been collaborating on open-source software for 
referrals and community data management with 
the University of British Columbia. I hold an As-
sociate’s degree in Environmental Studies and 
a BA in Geography with a minor in Indigenous 
Studies. I have academic interests in forest and 
mountain biogeography, and I have traditional 
training and interest in genealogy, storied topon-
ymy, and Indigenous plants from the river valleys 
to the subalpine areas within Secwepemcúl’ecw 
(Secwépemc territory). I am currently in an in-
terdisciplinary MA program (Geography, Anthro-
pology, Indigenous Law), and a member of the 
Geographic Indigenous Futures (GIF) lab at the 
University of Victoria (UVic). My thesis is focused 
on Secwépemc land-centered relational (kinship) 
axiology and praxis, in the context of Indigenous 
Title, Rights, and Interests. Mountains hold em-
bodied stories and relational knowledge, shaping 
our existence and guiding our movement and 
dwelling throughout our territory and with our 
extended kin relations. Secwépemc relational 
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axiology and praxis are inextricably tied to our 
connection with mountains.

Dawn Saunders Dahl
I am of Red River Ojibway and European (UK, 
Scandinavian, French) ancestries and am a 
member of Métis Nation of Alberta. I attended 
the final TRC in Edmonton and continue to be 
guided by the responsibilities to care for the land 
and ensure Indigenous perspectives are present 
in my projects. I live in Canmore, Alberta, and am 
an artist creating artwork that reflects my sur-
roundings, my deep interest in place, genealogy, 
and reconciliation/action. I develop public art 
opportunities, art exhibitions, and projects with 
Indigenous arts communities. I attended Univer-
sity of the Arts majoring in painting and ceramics 
(BFA 1998–99). I started my administration work 
in art school, volunteering for Untitled Art Soci-
ety (the Bows) until 2006. I developed The Works 
Art & Design Festivals’ Indigenous Art Program 
in 2008 and worked in the public art depart-
ment at the Edmonton Arts Council (2012–15). I 
currently work at the Whyte Museum of the Ca-
nadian Rockies (Banff), and am curator at Galerie 
Cite (Edmonton) and Indigenous Public Art for 
Adisoke (Ottawa—opening 2026). I am a board 
member for the Alberta Craft Council and a BUMP 
juror (mural festival—Calgary). I am developing 
Listen Studios and Retreats and am a contributing 
member of Canmore Land—a not for profit com-
munity land trust in Canmore, Alberta.

Goota Desmarais
I grew up on the south shore of Baffin Island in 
Cape Dorset, Nunavut. My early childhood was 
spent in a modern Inuit settlement during the 
winters and in a traditional camp during the 
summers. I am now an urban Inuk, living in Sher-
wood Park, Alberta for the past 30 years. I stay 
connected to my Inuit culture through frequent 
visits to Nunavut and my involvement on the 
board of the Edmonton Inuit Cultural Society and 
Edmontonmiut Inuit. Through my business, Inuit 
Connections, I have been educating people about 
Nunavut and Inuit culture for over 20 years. I 
share personal stories of growing up in the North 
that illustrate the unique Inuit way of life. I am 
currently working with Alberta Teachers’ Asso-
ciation in their Walking Together: Education for 
Reconciliation Project.

Megan Dicker
I am an Inuk from Nain, Nunatsiavut on the north 
coast of Labrador. My family comes from Nain 
and Makkovik, with roots in Hebron and Nutaak 
south of the Torngat Mountains. I have been for-
tunate to spend a lot of time on the land growing 
up and I still try to get out on the land as much 
as possible. I am a social-change enthusiast and a 
climate advocate. For the past two years I worked 
as the youth leadership program coordinator at 
the Torngat Mountains base camp and research 
station, bringing Inuit youth to our ancestral 
homelands for cultural and leadership activities. 
It is this program that gave me the opportunity to 
travel to the Torngait in 2014 and my life has for-
ever changed since then. My love and admiration 
for the Torngat Mountains led me to where I am 
today—the connections I have made personally 
and professionally eventually led to working with 
the CMA to document the importance of moun-
tains in our homelands.

Karine Gagné
I am an Associate Professor in the Department of 
Sociology and Anthropology at the University of 
Guelph. I obtained a PhD in Anthropology from 
University of Montreal (2015) before holding a 
Banting Postdoctoral Fellowship at Yale Univer-
sity (2015–2017). My research work is based in 
the Indian Himalayas where I study a range of 
issues, including climate change, ethics of care, 
human-animal relations, state production, citi-
zenship, and climate knowledge. My research has 
thus far focused on two areas of study. First, I am 
interested in how climate change is experienced 
by Indigenous Himalayan communities and how 
these experiences contend with state rational-
ity. Second, I am interested in the relationships 
between humans and animals in the Himalayas, 
and I also aim to understand the political and 
economic structures that threaten habitats and 
generate human-animal conflicts. My research 
work is carried in collaboration with local schol-
ars, artists, farmers, herders, guides, and porters. 
I am also passionate about visual methodologies 
and graphic ethnography. My book, Caring for Gla-
ciers: Land, Animals, and Humanity in the Himalayas 
(University of Washington Press) was awarded 
the 2019 James Fisher Prize for First Books on the 
Himalayan Region.
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Erika Gavenus
I learned to love mountains and all they share 
with us growing up in Southcentral Alaska sur-
rounded by the Kenai Mountains on lands long 
stewarded by Nichiłt’ana, Dena’ina, and Sugpiaq 
peoples. I am currently a PhD candidate at the 
University of British Columbia within the Institute 
for Resources, Environment and Sustainability. 
Through my research I use a lens of food justice 
to examine how fisheries regulations can chal-
lenge food access for coastal First Nations. I bring 
academic training in public health, nutrition, and 
food security to this research and deep appre-
ciation for the role of collective well-being and 
relationships with place. I spend most of my time 
and research on the ocean and in coastal commu-
nities looking up at mountains, and I am thankful 
the opportunity to travel more intentionally into 
the mountains through the CMA and Learning 
Circle. I am a settler-researcher and am grateful 
to live and learn on the traditional, ancestral, and 
unceded territory of the Musqueam.

Stephan Gruber 
In my work I aim to support wise decisions 
about adapting to permafrost thaw and to train 
new experts. I investigate permafrost in polar 
and mountain areas, and have a deep personal 
connection to cold environments through wil-
derness travel and mountaineering. My research 
bridges field observations and computer simula-
tion aiming to turn the insight derived from both 
together into products to inform adaptation de-
cisions. I have lived in ten countries, and after 12 
years in Switzerland, I came to Canada in 2013 as 
the Canada Research Chair in Climate Change Im-
pacts/Adaptation in Northern Canada. I work as 
a Professor of Geography at Carleton University 
in Ottawa and enjoy the many new relationships, 
conversations, and insights coming with get-
ting to know and help connect the very diverse 
Canadian permafrost community better. My ex-
perience includes research aimed at discovery 
and at application, contributions to major assess-
ment reports such as the mountain chapter of the 
IPCC Special Report on the Ocean and Cryosphere 
in a Changing Climate or the Hindu Kush Hima-
laya Assessment, editorial roles, and leadership 
in large research initiatives such as NSERC Per-
mafrostNet and NSERC CREATE LEAP. Learning 
makes me happy.

Jiaao Guo
I am a research assistant at Canadian Mountain 
Assessment (CMA) since 2020. Currently, I’m a 
full-time geospatial research coordinator work-
ing for both University of Calgary and Alberta 
Biodiversity Monitoring Institute (ABMI). Most of 
the works that I have done for CMA were during 
the time when I was a remote sensing analyst 
at Northwest Territories Centre for Geomatics 
(2020–2022), in Inuvik, Northwest Territories— 
a traditional land of Gwich’in First Nations and 
Inuvialuit Settlement Region. I hope to search 
and use spatial data/knowledge to better un-
derstand the physical, biological, and cultural 
environments and their interactions within and 
outside the Canadian mountain systems. I had a 
background in environmental science and geo-
graphic information systems (GIS). Apart from 
mountain-related researches, my interests and 
expertise also expand to urban GIS, wildfire and 
flood mapping, remote sensing analysis using 
earth-observation satellites, and Light Detection 
and Ranging (LiDAR) data analysis.

Katherine Hanly
I am a PhD Candidate at the University of Calgary, 
studying and living in the Bow Valley. My re-
search focuses on the impacts of, and adaptations 
to, climate-related cryospheric change on moun-
tain recreation in the Canadian Rocky Mountains. 
Having spent most of my life in the Bow Valley, 
mountains have always been at the centre of my 
life, and it is on their trails that I have connected 
to and learned from friends, family, and the land-
scape. I approach my research and the CMA with 
great gratitude for the opportunity to continue 
to connect, learn, and hopefully contribute to the 
protection of these magnificent landscapes.

Nina Hewitt
I am an Associate Professor of Teaching in the 
Department of Geography at the University of 
British Columbia. I study biogeographical influ-
ences on plant species dynamics in temperate 
forest and alpine ecosystems, and digital tools 
for experiential field learning within these eco-
systems. I have used data from rare historical 
records and my own contemporary field re-
search to study changes in upper elevation limits 
of alpine species in the Karakoram-Himalaya. I 
am co-investigator on a BC Parks Living Lab for 



APPENDIX I: CONTRIBUTOR BIOS 333

Climate Change and Conservation funded study 
of alpine plant responses to global change drivers 
in Garibaldi Park. A passionate educator, I seek to 
increase accessibility of experiential learning to 
reach across a diverse student body. I have cre-
ated numerous immersive virtual and augmented 
reality experiences in BC forest and alpine envi-
ronments for teaching, and to provide a modern 
baseline with which to track vegetation change.

Eric Higgs
I came to mountains as an adult, having grown 
up in the gently undulating territories near the 
Haudenosaunee Six Nations of the Grand River 
and the Saugeen First Nation. My family and I 
are settlers of northern English, Scottish, Irish 
and German ancestry. Taking up my first regu-
lar faculty position at the University of Alberta 
in 1990 I teamed up with colleagues to develop 
the Culture, Ecology and Restoration project that 
intertwined historical cultural and ecological 
knowledge in what is now Jasper National Park. 
It was uncommon at that time to focus on resto-
ration in a national park, especially one iconic for 
wildness. From this grew the Mountain Legacy 
Project, which uses historic mountain survey 
photographs, the largest collection in the world, 
to study change in mountain landscapes through 
repeat photography (mountainlegacy.ca). Since 
2002 I have been a professor in the School of En-
vironmental Studies at the University of Victoria 
in the territories of Lekwungen & WSÁNEĆ peo-
ples. My work centres on long-term studies of 
mountains in service of ecosystem restoration, 
engaging diverse understanding.

Murray Humphries
I am a Professor of Wildlife Biology at McGill 
University, located in Montreal, Quebec in the 
territories of Haudenosaunee and Anishinaabe 
Peoples. I was born and raised in Brandon, Man-
itoba in Treaty 2 territory. My family and I are 
settlers, of Scottish, Irish, and Welsh heritage; 
the Mitchell side of my family homesteaded and 
farmed south of Arrow River, Manitoba. I am 
a flatlander who loves wildlife and wide-open 
prairie spaces. I came to the mountains looking 
for wildlife and, along the way, have had the op-
portunity to meet other people that love land 
and wildlife in their own way. I am director of 

McGill’s Centre for Indigenous Peoples’ Nutrition 
and Environment and my research emphasizes 
community-based partnerships focused on wild-
life, environmental change, and local Indigenous 
food systems. It has been my honour to serve as 
co-research director of the Canadian Mountain 
Network of Centres of Excellence from 2020–2023 
in support of our mission to support the resil-
ience and health of Canada’s mountain peoples 
and places through research partnerships based 
on Indigenous and Western ways of knowing that 
inform decision-making and action. 

Rod Hunter
I am an elected councillor of the Bearspaw First 
Nation for the last 21 years and an accomplished 
powwow singer. I am the leader of the Eyahey 
Nakoda powwow world class singers. Eyahey 
Nakoda has won several singing championships 
in the last twenty-five years. I have been singing 
since I was nine years old. I have been a master 
of ceremony for numerous powwows, round 
dances, and special events. I am deeply involved 
in the traditional ways of the Stoney Nakoda. I 
am a Sundance Maker and have completed four 
Sundance lodges. I started as a helper for elders 
and eventually became a pipe holder, medicine 
holder, and a Sundance maker. Performing a Sun-
dance is extremely difficult and requires total 
mind and body commitment. The teachings of 
the elders greatly helped me to achieve Sundance 
maker status at an early age. I will continue to 
sing and keep the traditions of my people alive. 
Eyahey Nakoda was formed in September 1994. 
The very first powwow they attended, they took 
home first place in the singing contest. I was edu-
cated at Mount Royal College.

Lawrence Ignace
I am an Anishinaabe from Lac Des Milles Lac First 
Nation in Treaty 3 and grew up in Ignace, Ontario. 
My family has a deep connection to this area in-
cluding our last name. I moved to Whitehorse, 
Yukon about 13 years ago and I have not looked 
back from living in the mountains. My family 
taught me how to approach the world in a good 
way and I have brought this to my work as a PhD 
student at the School of Environmental Studies 
with University of Victoria. 
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Dani Inkpen
I am the product of mixed heritages and I grew 
up in Treaty Six territory in Edmonton, Alberta. 
From a young age I loved exploring the trails of 
the Rocky Mountains and spent much of my early 
adulthood in the Rockies and Coast Mountains. 
Since obtaining my PhD in the history of science 
from Harvard University, I’ve used my training in 
environmental history and the history of science 
to examine the ways that knowledge gets made 
in and of mountain places. I now live and work in 
the unceded lands of the Mi’kmaq people in Sack-
ville, New Brunswick where I am assistant profes-
sor of history at Mount Allison University. I came 
to the CMA with a desire to learn more about how 
people from all walks of life come to know, in-
teract with, and love mountains. It has been an 
honour to work the people who have realized this 
project. 

Aerin Jacob
Much of my life has been in mountainous regions, 
particularly the Rocky, Columbia, Mackenzie, and 
Coast mountains of Canada and the United States, 
and the Albertine Rift, Eastern Arc Mountains, 
and Kenya Highlands of Uganda, Tanzania, and 
Kenya. The juxtaposition of isolation and con-
nectivity in mountain ecology, livelihoods, and 
conservation have shaped how I think about and 
approach my work as a conservation scientist. I 
am the director of science and research and the 
Weston Family Senior Scientist at the Nature Con-
servancy of Canada, and an adjunct professor at 
the University of Northern British Columbia. My 
work includes research on biodiversity, ecolog-
ical connectivity, the benefits people get from 
nature, and the human dimensions of conserva-
tion, as well as science communication and the 
science-policy interface. I was a 2015 Wilburforce 
Fellow in Conservation Science and a 2016–2018 
Liber Ero Fellow, received a PhD from McGill 
University, conducted post-doctoral research at 
the University of Victoria, and frequently serve 
on panels and committees providing scientific 
advice and guidance to governments, communi-
ties, and organizations.

Pnnal Bernard Jerome
I am mostly known as Pn’nal, and am an elder 
in the community of Gesgapegiag. I am a former 
chief and have been in leadership positions for 

my community since 1975. I currently work as the 
Cultural and Language coordinator in my com-
munity and have dedicated my life to the healing 
and teaching of my community through my work. 
I am a co-author of a book named Nta’tugwaqan-
minen: our story. I continue to educate myself and 
others around me about Gesgapegiag’s history 
and culture. 

Patricia Joe
I am from the Tagish Kwan First Nation, the orig-
inal people where the City of Whitehorse, Yukon 
is situated. I am from the Dak’laweide Clan (Killer 
Whale and Wolf Crest) and a proud citizen of the 
Kwanlin Dun First Nation. I am a teacher, elder and 
knowledge keeper and an outspoken person for 
First Nation culture, history, beliefs, and values. 
I specialize in First Nation oral stories, and I am 
passionate about delivering authentic stories to 
students from kindergarten to Grade 12 and to all 
levels of government to advance First Nation edu-
cation in Yukon and throughout Canada. I believe 
that the traditional oral stories will not only de-
velop pride and identity to First Nation students 
but will help non-Indigenous students to have re-
spect for the people whose Traditional Territory 
they reside on. In addition to my professional 
experience as a First Nation Integration Teacher 
I have worked with all levels of government and 
have been instrumental in many projects involv-
ing Yukon First Nation history and culture. I have 
been the former Deputy Chief, Chief Land Claims 
and Self- Government negotiator and I have many 
years of experience in the areas of politics and 
business.

Gùdia Mary Jane Johnson 
I am a Lhu’ààn Mân Ku Dań Ashaw (Elder) who 
worked for Parks Canada and Kluane First Nation 
for over 40 years on protected areas, environ-
ment, cultural, and Indigenous language issues. 
I champion Indigenous language revitalization 
while partaking in a community that actively lives 
their culture. I have contributed an objective per-
spective to the Truth and Reconciliation Commis-
sion Report Response Task Force addressing the 
TRC’s Call to Action #70 reporting to the Stand-
ing Committee on Canada’s Archives; to several 
boards and committees, I sit as an active commit-
tee member on: the Asi Keyi Natural Environment 
Park Management Plan Steering Committee; the 



APPENDIX I: CONTRIBUTOR BIOS 335

Pickhandle Lakes Habitat Protection Area Steer-
ing Committee; the Canadian Mountain Net-
work—Research Management Committee; the 
CMA—Canadian Advisory Committee; the Kluane 
Research Committee; and, the Tutchone Heritage 
Society. I am retired and am a happy and busy 
Grandmother of eleven Grandchildren and one 
Great Grandson.

Linda Johnson
I have lived and worked as an archivist, historian 
and writer in the Yukon for the past five decades, 
building a unique blend of cultural knowledge, 
relationships and contacts with people across the 
territory, Alaska, northern BC and the Northwest 
Territories. I have collaborated with Yukon First 
Nations Elders to record and preserve memories 
of landscapes, travel, languages, culture, and his-
torical events. I combine oral history and archival 
research in the development of public history in-
terpretation projects. I have published four books 
on Yukon history and contributed to several pub-
lications documenting diverse aspects of life in 
Canada’s northern mountainous regions.

Stephen Johnston
I have a B.Sc. in Geology from McGill University 
and an MSc and PhD from the University of Al-
berta (UAb) in Structural Geology. I have worked 
in exploration for Shell Canada Ltd.; as a geologist 
for the BC and Yukon geological surveys; and as a 
professor at the University of Durban-Westville, 
South Africa. In 1999 I joined the School of Earth 
& Ocean Sciences at the University of Victoria, 
BC, serving as the school’s Director from 2011 to 
2015. In 2015 I returned to Alberta to serve as the 
Chair of the Department of Earth & Atmospheric 
Sciences at UAb. My research focus is on the role 
of mountain belts in the development of Earth’s 
continental crust; the relationship between the 
character of our continental crust (for exam-
ple, its endowment of metals and hydrocarbons) 
and mountain building processes; and the links 
between Earth’s climate and biosphere and the 
distribution of continents and mountain systems 
through deep time (paleogeography). My favour-
ite mountain system, and the one I always return 
to, is the Cordilleran system of Alberta, BC, and 
Yukon. I am the son of immigrants, my father a 
Scot and my mother Irish. I am the first on either 
side of the family to have attended university. I 

am extremely privileged to have had the opportu-
nity to research and teach about mountains given 
their central role in the development and evolu-
tion of all the peoples and cultures of Earth.

Knut Kitching
I am a Senior Researcher in the Indigenous 
Knowledge Research team at The Firelight Group, 
an Indigenous-owned consultancy. I am also an 
Elected Fellow of the Royal Geographical Society, 
with an MA in Geography from McGill Univer-
sity. I was born in inner-city Toronto and made 
my way to the mountains of the west coast as 
quickly as I was able. In my role as a consultant 
and advisor to Indigenous communities across 
Canada, I provide strategic advice and research 
to support communities navigating a wide range 
of social, ecological, and legal changes. For over a 
decade, my work has focused on the relationships 
between people, particularly Indigenous commu-
nities, and their environment. Much of this work 
takes place during environmental impact assess-
ment processes, during which my colleagues and 
I are focused on the assessment of impacts to cul-
ture and rights on the land. Many of my clients, 
colleagues, friends, and family inhabit the various 
mountain regions of Canada, and I have seen first-
hand the changes they are experiencing. It’s been 
a privilege to be a small part of this exercise.

Michele Koppes 
An immigrant of mixed heritage, I am a Professor 
of Geography and director of the Climate and Cryo-
sphere lab at the University of British Columbia, 
on traditional and unceded Musqueam territory. 
My passion is forensic geomorphology: the art of 
reading landscapes to decipher their stories and 
the forces that shaped them. My research seeks to 
combine field and remotely-sensed observations 
with local perspectives, oral histories, sound-
scape mapping and storytelling to explore the 
cascading effects of climate change on glaciated 
mountain landscapes, waterscapes and people. I 
have been privileged to have lived in, worked, and 
been inspired by mountains and mountain peo-
ples all over the world, from the Coast Mountains 
of BC to the Swiss Alps, Patagonian Andes, Sierra 
Nevada, Indian and Nepali Himalaya, Tien Shan, 
and the polar ice sheets of Greenland and Antarc-
tica. I believe deeply that if we are to address the 
ongoing climate and nature emergency, we need 
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to elevate place-based, indigenous, and embodied 
understandings of how the lives of the ice, the 
mountains, the rivers, the people and the more-
than-humans who dwell among them are inter-
twined. I am deeply grateful to the CMA for the 
opportunity to engage with and learn from these 
knowledges and knowledge keepers.

Daniel Kraus
I am currently the national director of conser-
vation at Wildlife Conservation Society (WCS) 
Canada where I get to work with a great team on 
initiatives that range from Key Biodiversity Areas 
to the SHAPE (Species, Habitats, Action & Policy 
Evaluations) of Nature. I led the development 
of Canada’s first list of nationally endemic wild-
life (many of which are in mountains!) and have 
published papers on Canada’s “crisis” ecoregions 
and approaches to endangered species recovery. 
I’m currently a member of the federal Nature Ad-
visory Committee and I also research and teach 
about wildlife extinction and recovery at the Uni-
versity of Waterloo. About a decade ago I came to 
the realization that facts aren’t enough halt the 
biodiversity crisis and have been trying to become 
a better science communicator ever since. I live 
and work at the headwaters of Bronte Creek in 
the Lake Ontario watershed where I enjoy chop-
ping wood and raising happy chickens.

Sydney Lancaster
I am a Prairie-born visual artist and writer, and 
I have been based in Amiskwacîwâskahikan (Ed- 
monton) most of my life. I am from settler- 
immigrant-homesteader stock; as such, I perceive 
myself as an uninvited guest on Turtle Island. My 
lineage is bound to migration, Dominion Land 
Survey maps, and the displacement of Indige-
nous people from their territories. I have spent 
considerable time in the Rocky Mountains and 
the foothills over the years, and more recently, 
in close proximity to the Long Range Mountains, 
in western Newfoundland. My ongoing research- 
creation is focused on the potential in liminal 
states and places to expose gaps in understand-
ing: how the relationships between place, objects, 
and different types of memory impact notions of 
history and identity. What is left out of any given 
story is as important as what is chosen. My MFA 
research concerned the influence of Dominion 
Land Survey (DLS) mapping practices on settler 

thinking in relation to ideas of belonging and af-
fective connection to place. I was interested in 
the links between measurement, bordering, and 
Settler-Colonial land ownership as geospatial and 
political structures that have ongoing implica-
tions for relationships between humans, and be-
tween humans and more-than-human beings.

Rosemary Langford
I live on Tsleil-Waututh lands in the beautiful 
space between the ocean and mountains. I have 
had the extraordinary privilege of spending time 
in and coming to know mountainous landscapes 
through my recreational, professional, and ac-
ademic pursuits. I hold a Masters in Resource 
Management from Simon Fraser University, 
where I completed my master’s research cen-
tred on supporting recreationists in enjoying 
the winter mountains safely. My passion exists 
at the intersection of natural sciences, commu-
nications, and decision-making, and I care deeply 
about directing these passions toward efforts 
that support the well-being of both human and 
non-human communities.

Keara Lightning 
I’m a member of Samson Cree Nation in Maskwa-
cis, Alberta. I’m currently an MA candidate at the 
University of Alberta, completing a thesis analyz-
ing how scientific constructions of the landscape 
have worked to obscure Indigenous presence. I am 
a member of the Indigenous Science, Technology 
and Society lab at the University of Alberta, a his-
torian laureate with the Beaver Hills Biosphere, 
and a Lillian Agnes Jones Fellowship recipient. I 
write about the historic and ongoing role of sci-
ence in colonization, as well as the potential of 
Indigenous-led science and environmental man-
agement. I’m moving into PhD research focused 
on wildfire management, with a particular in-
terest in the revitalization of cultural burning 
practices. I’ve previously worked in environmen-
tal and science education programs, as well as in 
landscaping, gardening, and agriculture. Outside 
of the university, I also write interactive stories 
and animation on the themes of kinship, environ-
mental restoration, and surviving apocalypse.

Lachlan MacKinnon
I am an Associate Professor and Canada Research 
Chair in Post-Industrial Communities at Cape 
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Breton University. My research focuses on areas 
connecting working-class experiences and place 
identity, including workers’ environmentalism, 
ecological awareness, and occupational memory. 
In Cape Breton, the deindustrialization of the is-
land’s coal and steel industries in the 20th century 
coincided with the rise of the tourist gaze and the 
re-making of the province into a premiere travel 
destination. Part of this process included the re-
conceptualization of the mountains in the north-
ernmost parts of the island into “the Highlands” 
a Scottish-tinged representation that occluded 
other histories—both Indigenous and settler. My 
participation in this project has given me the op-
portunity to reflect upon how convergent notions 
of mountain landscapes found expression across 
cultural forms in 20th century Cape Breton, and 
the collaborative nature ensured that connec-
tions could be drawn to similar landscapes across 
Canada.

Christopher Marsh
Originally from the Canadian Prairies, I have 
always been drawn to the mountains both rec-
reationally and scientifically. I grew up skiing 
throughout the Canadian Rockies and Coast 
mountains, and later in life started hiking and 
back country camping. I have had the privilege 
to travel and work throughout the Canadian 
Cordillera region and Mackenzie mountains, the 
Pyrenees, and the Alps. My research has focused 
on how to improve simulations in these complex 
regions to provide better estimates of snow and 
water resources. This has been via new numerical 
modelling methods that allow for incorporating 
critical process at a high spatial and temporal 
resolution. Backed by observations and field 
work, these methods allow for deeper insight 
into the complex process interactions that drive 
mountain snowcovers. Improving the predictive 
capacity for entire mountain ranges is important 
for water predictions under current climates as 
well as future climates.  

Shawn Marshall 
Mountains were not part of my life, growing up 
in southern Ontario and studying physics at the 
University of Toronto, but I had the good fortune 
to “go west” to graduate school, and the even 
better fortune to study glaciology with Garry 
Clarke at the University of British Columbia. This 

research exposed me to the wonder of glaciers 
in the St. Elias Mountains, the Canadian Rock-
ies, and Iceland, and I been privileged to spend 
much of my life in the mountains since that time. 
I moved from the University of British Columbia 
to the University of Calgary, where I am a Profes-
sor in the Department of Geography and held the 
Canada Research Chair in Climate Change from 
2007–2017. My research group studies glacier- 
climate processes and glacier response to climate 
change, including field and modelling studies in 
western and Arctic Canada. I served as the De-
partmental Science Advisor at Environment and 
Climate Change Canada from 2019–2023, and also 
had the pleasure of contributing to the inter-
national Mountain Research Institute over this 
period, as a member of their Science Leadership 
Council.

Brandy Mayes
I am a proud descendant of the Tagish Kwan 
people, the original people of Whitehorse, Yukon, 
and a beneficiary of Kwanlin Dün First Nation 
(KDFN). My great-grandparents are Julia Joe from 
Marsh Lake, Yukon, and Johnny Joe from Hutchi, 
Yukon. My great-great grandmother is Seke, the 
eldest daughter of the great Chief Jackie of Marsh 
Lake. I belong to the Dakhl’aweidí Clan, the Killer 
Whale and Wolf Clan Crest. The Clan Crest as-
sures me that I am part of the land and part of the 
water. As a beneficiary of KDFN, my culture is who 
I am and where I come from. I enjoy everything 
outdoors including hunting, fishing, snowmo-
biling, skiing, curling, golfing, and hiking. I also, 
have a passion for gardening, enjoy cooking and I 
have been told I am queen of the BBQ and I smoke 
a mean brisket. My relationship with the moun-
tains goes back to my ancestors. I recall the stories 
from my Great Grandfather on how all things are 
related, how the mountain glaciers and snow feed 
the rivers, creeks, and lakes, which keep all living 
things alive. I am an avid hiker, including in 2015, I 
set a goal to reach 21 peaks in Kananaskis Country 
of Alberta. One of these peaks took me 5 attempts, 
but I finally made it. I live in the most beautiful 
place (in my mind), surrounded by what we call in 
the Yukon, “The Southern Lakes,” and the moun-
tains that feed them. I am grateful everyday to 
my ancestors who took care of this land so we can 
all enjoy it. I am the Manager of Operations and 
Fish and Wildlife for KDFN’s Heritage, Lands and 
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Resources, it is not only my job, but my responsi-
bility as a Yukon First Nations person to respect 
all earth’s creations. Our Elders fought hard to 
get back our land and it’s our responsibility to 
show our respect by practicing good stewardship 
and to protect and conserve the lands resources 
for future generations. Implementing our Final 
Agreements and our citizens’ Lands Vision is key 
in my decisions and how I conduct my work.

Graham McDowell
I live in Canmore, Alberta, on Treaty 7 territory, 
lands of the Îyârhe (Stoney) Nakoda, Blackfoot 
Confederacy, and Tsuut’ina First Nation, as well 
as Métis Nation of Alberta, Region 3. I am a ge-
ographer and environmental social scientist with 
interests in the human dimensions of climate 
change in high mountain areas, as well as formal 
knowledge assessment and co-creation meth-
odologies. I have led community-level projects 
in the Nepal Himalaya, Peruvian Andes, Rocky 
Mountains, Greenland, and the Canadian Arctic, 
as well as numerous large-scale assessment initia-
tives, including the CMA. I have also twice served 
as a Contributing Author with the Intergovern-
mental Panel on Climate Change (IPCC), where I 
led assessments of human adaptation to climate 
change for mountain focused chapters. In addi-
tion, I am an Editorial Board member for the jour-
nal Mountain Research and Development, a Fellow of 
the Royal Canadian Geographical Society, and an 
advisor for numerous initiatives related to moun-
tains and climate change, including as a National 
Steering Committee member for the UN Interna-
tional Year of Glacier Preservation. I completed a 
Banting Postdoctoral Fellowship at the University 
of Zurich and hold degrees from the University of 
British Columbia (PhD), the University of Oxford 
(MSc), and McGill University (BA Hons). I am cur-
rently affiliated with the Department of Geogra-
phy at the University of Calgary. 

Thomas McIlwraith
I am a settler anthropologist at the University of 
Guelph, in Guelph, Ontario, Canada. I am inter-
ested in the stories people tell about their places, 
including particularly, the relationships between 
Indigenous peoples and their communities in 
British Columbia with mountains, animals, water-
ways, and landscapes. I am concerned about local 

perspectives and appreciate the contributions of 
knowledge keepers and community experts on 
sustainable approaches to lands and resources. I 
try to hear and understand the lessons contained 
in stories and oral historical accounts, while ap-
preciating the nuances of community responses 
to development.

Hayden Melting Tallow
I was born and raised on the Siksika Nation part of 
the Blackfoot Confederacy of southern Alberta. As 
Blackfoot people do not live within the Miistakis, 
we are from the prairies but rely on the tributar-
ies that come from the Miistakis that supply us 
with fish and medicines that grow along its banks. 
We also go into the Miistakis to collect our medi-
cines, teepee poles, paints for ceremonies, vision 
quests, to name a few. Although we don’t live 
amongst them, we rely on the abundances they 
offer. Although we don’t live within the Miistakis 
we support the people that do live there.

Charlotte Mitchell
I am a second year PhD student from the Univer-
sity of Alberta in the Faculty of Kinesiology, Sport 
and Recreation with a focus of feminist sport his-
tory. I have a Masters degree in Gender and Social 
Justice from the University of Alberta with under-
graduate degrees from the University of Calgary 
in Social and Cultural Anthropology and Women’s 
Studies. 

Brenda Parlee
I am a settler scholar and research ally for Indig-
enous Peoples. I am honoured to have worked 
with many Indigenous Peoples over 30 years in 
Canada and internationally. I was born and grew 
up in northern Ontario in Mushkegowuk Cree ter-
ritory. The landscape and political economy of 
this provincial north—impacted by mining, hydro 
development, forestry, and climate change—has 
significantly shaped my beliefs and passions for 
research and teaching on issues of social, eco-
nomic and environmental justice. I currently 
share my time between Treaty 6 and Treaty 7 
territories of Alberta and make my home in the 
foothills of the Rocky Mountains. Although I 
would like to spend more time hiking and medi-
tating in the mountains, I am a busy Mom of two 
teenage boys and a Professor in the Department 
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of Resource Economics and Environmental So-
ciology in the Faculty of Agricultural, Life and 
Environmental Sciences at the University of Al-
berta. I also co-hold a UNESCO Chair focused on 
themes of research collaboration, biodiversity, 
and health which I share with Indigenous schol-
ars from Carleton University and the Sahel/
Sahara region of Africa (Tuareg territory). I have 
led and supported many interdisciplinary and 
collaborative, and community-based research 
projects since 2000 on different aspects of social 
and ecological change. Many of these projects 
have been in northern Canada and in the Mack-
enzie River Watershed. In the last ten years, I 
have been invited to work internationally on 
major initiatives such as the Intergovernmental 
Platform on Biodiversity and Ecosystem Services 
Assessment on the Sustainable Use of Wild Spe-
cies. I am also co-leading a major research project 
(2021–2027) funded by the Canadian Tri-Council 
(NFRF) called Ărramăt. (Ărramăt is an Indigenous 
[Tuareg] concept meaning the health of people 
and the environment are interconnected). In the 
next 6 years the Ărramăt Project will support 
more than 140 Indigenous-led projects in 70 eco-
zones/regions around the world to find solutions 
for improving biodiversity and Indigenous health 
and well-being. I have a BA from the University 
of Guelph (1995), an MES in Environmental Stud-
ies from the University of Waterloo (1998) and 
a PhD from the University of Manitoba in Natu-
ral Resources and Environmental Management 
(NREM) 

Wanda Pascal
I am from Teetlit Zheh—Fort McPherson, NWT. 
I was born and raised in Fort McPherson mostly 
by my grandparents, the late John and Annie 
Vaneltsi. I am married to Douglas Pascal and has 4 
children and 11 grandchildren. I worked for Legal 
Services for 16 years off and on. I worked at vari-
ous jobs until I was elected on to Band Council in 
1991, and after doing three full terms I made his-
tory in my Community. I was elected Chief on June 
24, 2016 and re-elected for another term on July 
4th, 2016. Being brought up on the land since an 
early age I have gained a lot of traditional knowl-
edge of my culture as a Teetlit Gwichin woman. I 
love to sew, hiking, picking berries, and teaching 
my grandchildren how to live on the land.

Tim Patterson
I was born Morris Coutlee a member of the 
Lower Nicola Indian Band that belongs to the 
Scw̓éxmx (“People of the Creeks”) a branch of 
the Nlaka’pamux (Thompson) Nation of the In-
terior Salish peoples of British Columbia Canada. 
I grew up in Revelstoke within the Sn-səlxcin 
(Sinixt-Lakes) territory and I continue to hike 
and guide throughout the West Kootenays. I have 
been an outdoor professional for over 15 years 
and have hiked and explored both the western 
parts of Canada and the United States for over 
25 years. I am the Indigenous Studies instruc-
tor with Timberline Canadian Alpine Academy. I 
hold a MA in Environmental Education and a BA 
in Cultural Anthropology, and all have focused 
on the advancement of First Nations oral narra-
tives and Indigenous Knowledge. My company 
Zucmin (Zúc’nm) Guiding was developed through 
the combining of my Academic, Indigenous, and 
Guiding backgrounds where I focus on Indigenous 
Knowledge in the mountainous areas of Southern 
Alberta and British Columbia.

Karen Pheasant 
I am Karen Pheasant-Neganigwane (Anishinaabe) 
of Manitoulin Island of the Wikwemikong First 
Nations. Eldest daughter of my parents, both who 
thrived after their Indian Residential School expe-
rience. Also, a Nokomis of eight beautiful grand-
children. I attribute my audaciousness to both 
my parents, first generation to live successfully 
off-reserve, and remain connected to their land 
base of Wikwemikong First Nations. I draw on my 
lived experience, as a young woman who worked 
in community centres during the height of the 
Civil Rights movement (AIM), in education (K–12, 
Post-Secondary) and my continued involvement 
in the Arts, as an award-winning author, bead’er, 
dancer, and performer. I spent the past fifty years 
attaining, studying, and receiving knowledge 
from the Great Lakes of Anishinaabek of Treaty 
Three, Treaty Six and currently in Treaty Seven. 
In 2023, I was selected as an inductee to the Dance 
Collection Danse: Hall of Fame (Toronto). My ed-
ucation includes a BA in Political Science and 
English Literature. My graduate studies are in 
Educational Policy Studies (MEd). I am currently 
a PhD (c) on the topic of Anishinaabe/Indige-
nous pedagogy at the University of Alberta. I am 
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currently an Assistant Professor at Mount Royal 
University, with Humanities and Liberal Arts Edu-
cation, Calgary, Alberta. 

Sophie Pheasant
My name is Sophie Pheasant (Niigani-Bine). I am 
Bode’wadmi Anishinaabe Kwe, Bineshii dodem 
from Wiikwemkoing Unceded Territory, the 
granddaughter of Isedore-bah Pheasant Negan-
igwane Sr. and Gertrude-bah Nadjiwon and ma-
ternal Moses-bah Lavallee and Rosemary (nee 
Mishibinijima). I am the mother of three chil-
dren, a graduate of McMaster University and 
Laurentian University, presently enrolled with 
Laurier University’s certificate program in Decol-
onizing Education. I received instruction to dance 
the healing dance of the Jingle Dress at a young 
age. Spending time learning about the dress 
and teachings in the Lake of the Woods area and 
throughout Turtle Island. Retracing my ancestral 
lands and maintaining connection to the Land Air 
and Water is of importance to me and my family.

Martin Price
My mountain career started in the Sunshine area 
of Canadian Rockies in the late 1970s, as an MSc 
student at the University of Calgary. A few years 
later, my doctorate at the University of Colorado 
at Boulder considered the forests of the Colo-
rado Rockies and the Swiss Alps. Through these 
degrees, my focus shifted from natural to social 
sciences and I began to consider myself an inter-
disciplinary scientist. During the 1990s, I reviewed 
the activities of UNESCO’s Man and the Biosphere 
(MAB) Programme in Europe’s mountains and 
was the focal point for mountains in IUCN’s Eu-
ropean Programme. In 2000, I established the 
Centre for Mountain Studies within what is now 
the University of the Highlands and Islands 
(UHI), Scotland. In the 2000s and 2010s, I coor-
dinated four assessments of Europe’s mountains 
for different European organisations. Globally, 
I have been closely involved in the formulation 
and implementation of Chapter 13—“Protect-
ing Fragile Ecosystems: Sustainable Mountain 
Development”—of Agenda 21, endorsed by the 
1992 Rio Earth Summit; the International Year of 
Mountains, 2002; the Mountain Forum; and the 
Mountain Partnership. Ensuring that scientific 
knowledge is widely understood and used has 
long been a major concern for me. I have written 

and edited 14 books and over 200 reports, papers, 
book chapters, and articles; and was Book Review 
Editor of the preeminent mountain science jour-
nal Mountain Research and Development from 1994 
to 2020. I became Chairholder of the UNESCO 
Chair in Sustainable Mountain Development in 
2009, and retired from this, and my role at UHI, 
in 2021.

PearlAnn Reichwein
I am a historian and Professor at the University 
of Alberta. My scholarship in Canadian Moun-
tain Studies highlights the history of western 
Canada. The cultural production of mountains is 
the compass for my explorations of landscapes as 
temporally and cross-culturally discursive places 
of social memory. Studies of the Alpine Club of 
Canada, National Parks, and Olympic Winter 
Games, and various individuals, are among my 
projects. My book Climber’s Paradise: Making Cana-
da’s Mountain Parks, 1906–1974 (2014) was awarded 
the Canadian Historical Association’s Clio Prize 
and was a finalist in the Banff Mountain Film 
and Book Festival; Uplift: Visual Culture at the Banff 
School of Fine Arts (2020), co-authored with Karen 
Wall, is my most recent book. Invited guest lec-
tures at University of Innsbruck’s Alpine Research 
Centre Obergurgl and Université Gustave Eiffel 
steeped my thinking about transnational alpine 
worlds. I give public talks at libraries and muse-
ums. Guiding hikes at Plain of Six Glaciers and 
planning for cultural resources in Banff National 
Park and Yoho National Park shaped my early 
practitioner experience in a UNESCO World Her-
itage Site. Advocacy for the heritage and health 
of the North Saskatchewan River—running from 
its Rocky Mountain headwaters across western 
farmlands—is a community-engaged interest.

Rachel Reimer
I am a PhD candidate at the School of Human 
Geography and Sustainable Communities, Uni-
versity of Wollongong. My work is focused on an 
intersectional feminist approach to inclusion, 
risk, and psychological safety in the mountain 
guiding and avalanche professions worldwide. I 
hold a Master’s degree in Leadership Studies from 
Royal Roads University, and completed a study 
focused on gender and leadership in wildland 
fire amongst firefighters in the British Columbia 
Wildfire Service. Prior to that, my work included 
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community-based Action Research in high-risk 
conflict zones across the Middle East and Africa 
for the United Nations and small non-profits. 
I bring a unique perspective to the mountain- 
human relationship as a queer neurodiverse ac-
ademic living in a majority white, cis, hetero 
mountain town; and, also a practitioner, having 
worked operationally as a leader in both wildland 
fire and in the avalanche and guiding industry.

Lauren Rethoret
I am a Faculty Researcher at Selkirk College with 
a portfolio focused on the policy and planning di-
mensions of climate change and the environment. 
My projects are all conducted in partnership with 
community-based organizations in the moun-
tainous and largely rural Columbia Basin, tackling 
issues like climate resilience, land use, and the 
interactions between human communities and 
‘working’ landscapes. I hold a Masters in Resource 
and Environmental Management (Planning) from 
Simon Fraser University and a Bachelor of Arts 
in Geography from Carleton University. I live and 
work in the Columbia Mountains on the territo-
ries of the Sinixt, Ktunaxa, and Syilx peoples. 

Gabriella Richardson
I am a Public Issues Anthropology Masters stu-
dent at the University of Guelph. My Masters 
dissertation examines how conservation strat-
egies affect relationships between jaguars and 
people in Ecuador. My research interests include 
multispecies ethnography, conservation, and the 
Anthropocene. I am passionate about community 
development and engagement. I have completed 
research projects on gender-based violence with 
non-governmental organizations in Papua New 
Guinea. I have also developed environmental/
conservation education programs for youth in 
Ecuador’s Amazonia and on Christian Island in 
Ontario, Canada.

Brooklyn Rushton
I am a PhD Candidate at Wilfrid Laurier University 
living and working in Jasper National Park study-
ing regenerative tourism practices in Canada’s 
mountain regions. My passion for the protection 
of and care for mountain landscapes is shaped 
from my experience recreating in and learning 
from the vast ecosystems that mountain regions 
offer. I find mountains inspiring and believe 

tourism in mountain regions can be an immense 
opportunity to connect people to nature, if done 
in a sustainable and regenerative way that gives 
back to the environment and local communities. 

María Elisa Sánchez
I am a wetland scientist born and raised in the 
Ecuadorian Andes, where finding my love for the 
mountains came as naturally to me as breathing. 
I am interested in understanding how mountain 
wetlands (specifically peatlands) function, and 
how they are being impacted by humans—includ-
ing through the current climate emergency. Since 
2014 I’ve been a student and steward of moun-
tain peatlands. I developed my Masters project 
on carbon flux dynamics in high altitude peat-
lands in the Ecuadorian Andes. I am currently 
a PhD candidate studying how climate change 
is affecting peatlands in the Canadian Rocky 
Mountains. I have also volunteered as Americas 
Representative and most recently as Coordinator 
of Youth Engaged in Wetlands, a volunteer-based 
network committed to the conservation, protec-
tion, and wise-use of wetlands. My objective is to 
bring visibility to mountain wetlands which are 
understudied and might not be as extensive as 
in other ecoregions of the world, but that carry 
great importance in bringing landscape hetero-
geneity, biodiversity, and control of hydrological 
and carbon cycling processes, with far reaching 
consequences in the ecological health at the basin 
scale.

Richard Schuster
I am from Austria and grew up with mountains. 
My whole life mountains have been a fixture for 
me and if I don’t see a mountain something very 
important is missing. I’ve have spent my child-
hood either climbing mountains or riding down 
on my skis. The passion for mountains has never 
left me and most of my vacations are spent on 
or around mountains. I am the Director of Spa-
tial Planning and Innovation at the Nature Con-
servancy of Canada (NCC). I am responsible for 
the development and implementation of NCC’s 
conservation planning framework, strategic con-
servation planning research efforts and new con-
servation technology initiatives. I also provide 
leadership to improve best practices and skills for 
spatial planning practitioners, and to creatively 
respond to new and emerging conservation 
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questions. I have over 15 years of experience 
working on systematic conservation planning 
and spatial modelling for conservation purposes. 
I have developed innovative techniques to priori-
tize conservation areas and strategies and have a 
strong background in technology initiatives such 
as quantitative ecology and statistics; scientific 
software development and computing; big spatial 
data analysis; prioritization and optimization for 
conservation. I hold a PhD from the University 
of British Columbia in systematic conservation 
planning.

Joseph Shea
I am an Associate Professor at the University of 
Northern British Columbia in Prince George, 
on the traditional and unceded territory of the 
Lheidli T’enneh. Mountains are a central theme in 
my research, and I have been fortunate to travel, 
work, and play in the mountains for most of my 
career, with field sites in the Canadian Rockies 
and Interior Ranges, the north and south Coast 
Mountains, and the Himalayas. My academic work 
is focused on the glaciers, snowpacks, meteorol-
ogy, and hydrology of mountain regions, and the 
impacts of climate change on each of these com-
ponents. I bring to the CMA a broad background 
in mountain science and physical geography, a 
curious and interdisciplinary viewpoint, and the 
sense of wonder and humility that the mountains 
have provided me. And the CMA has brought 
me a deeper understanding of the importance 
of Indigenous knowledge and viewpoints, and 
the motivation to work closely and co-generate 
knowledge with Indigenous partners, on whose 
lands I live and work.

Pasang Dolma Sherpa
I am the Executive Director of Center for Indige-
nous Peoples’ Research & Development (CIPRED) 
and have been working with Indigenous Peoples, 
Women and Local Communities for the recogni-
tion of Indigenous Peoples’ knowledge, cultural 
values and customary institutions that contrib-
uted for sustainable management of forest, eco-
system, biodiversity, and climate resilience for 
more than a decade. I obtained my PhD from 
Kathmandu University in 2018 on Climate Change 
Education and its Interfaces with Indigenous 
Knowledge. I have served as Co-Chair of Inter-
national Indigenous Peoples’ Forum on Climate 

Change (IIPFCC), Co-Chair of Facilitative Working 
Group (FWG) of Local Communities and Indige-
nous Peoples’ Platform (LCIP) of the United Na-
tions Framework Convention on Climate Change 
(UNFCCC), and the board of UN-REDD, Participant 
Committee of FCPF, World Bank. Presently, I am 
the Chair of IUCN CEESP Specialist Group on In-
digenous Peoples’ Customary and Environmental 
Laws and Human Rights (SPICEH), visiting fac-
ulty member at Kathmandu University, and am 
involved in representing different forums, net-
works, and institutions at both national and in-
ternational levels.

Daniel Sims
I am Tsek’ehne, a member of the Tomah-Izony 
family of the Tsay Keh Dene nation, and academic 
co-lead of the National Collaborating Centre for 
Indigenous Health. As an associate professor in 
First Nations Studies at the University of North-
ern British Columbia my research focuses on 
northern British Columbia and I have worked ex-
tensively with my own community as well as the 
related communities of Kwadacha and McLeod 
Lake. Both Tsek’ehne and Tsay Keh Dene mean 
people of the “Rocky” mountains. As such, moun-
tains have been central to my work regardless of 
whether I’m examining the impacts of the W.A.C. 
Bennett Dam or considering numerous failed 
economic developments within the Traditional 
Territory.

Niiyokamigaabaw Deondre Smiles
I am Anishinaabe (Leech Lake Band of Ojibwe) and 
a member of the Bullhead clan. I am an Assistant 
Professor in the Department of Geography at the 
University of Victoria. I have a deep interest in 
Indigenous geographies and land/place-based 
knowledge systems. As a visitor to these lands, 
relationships to mountains and their roles in In-
digenous knowledge systems is of keen interest to 
me, as it is important for me to behave in good 
relations with the nations that call these lands 
home. My work in the CMA allows me to act in 
such good relation.

Tonya Smith
I am currently a postdoctoral research fellow at 
the University of British Columbia’s Faculty of 
Forestry, where I recently completed my PhD 
in Forestry. I am a non-binary third generation 
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Canadian settler of Irish-Scottish-German an-
cestry residing on the unceded territories of the 
Lekwungen and Lil’wat Nations. My research is 
about the relationships between human health 
and forests. My dissertation work analysed how 
forestry governance influences these relation-
ships, following lessons from Lil̓w̓at First Nation- 
led research about Indigenous food security and 
sovereignty. I seek to untangle and inspect the 
many ways that settler-colonial land manage-
ment continues to constrain Lil̓watúl (citizens 
of Lil’wat) livelihoods and relationships with the 
land. This work is done with the intention of sup-
porting the restoration of land-based health prac-
tices led by Indigenous peoples. The first of my 
family to attend university, I am passionate about 
accountability, reciprocity and relationships in 
qualitative, community-led research. I am also 
interested in inclusive and accessible approaches 
to instruction in university courses. My previ-
ous research includes performing sustainability 
impact assessments on forestry value chains, as-
sessing provincial government practices regard-
ing scientific integrity, documenting Indigenous 
knowledge about food and medicinal plants 
and analyzing Payments for Ecosystem Services 
programs.

Lauren Somers
I am an assistant professor and hydrology re-
searcher at Dalhousie University in the Civil and 
Resource Engineering Department. My first expo-
sure to mountain research was during my PhD at 
McGill University, where I focused on groundwa-
ter hydrology of the Peruvian Andes. Mountain 
groundwater continues to be one of my core 
research themes, which I approach through his-
torical data compilation, field studies in the low 
mountains of Eastern Canada, and international 
collaborations focused on the Andes and Hima-
layas. My other research areas include wetland 
carbon exchanges and climate change adapta-
tion, all with the goal of supporting sustainable 
management of our water resources and precious 
natural landscapes. 

Chris Springer
I am an independent researcher and a contracting 
archaeologist in British Columbia’s cultural re-
source management sector. Broadly speaking, my 
research interests focus on the social organization 

and interaction of ancestral First Peoples on 
the Pacific Northwest Coast of North America. 
Specifically, my graduate work at Simon Fraser 
University examined the relationships between 
past built environments and social networks 
within the Salish Sea region using a landscape ap-
proach that emphasized the concepts of territory, 
tenure, and territoriality. This experience gave 
me a greater understanding and appreciation for 
how past Indigenous communities engaged with 
their physical world including the high places. 
Mountains were not simply resource locales and 
the frames of travel corridors; they were, and 
continue to be, named places that carry history 
and make manifest the stories of transformation 
and creation.

Kyra St. Pierre
Growing up in eastern Ontario, I never fully ap-
preciated the role that mountains played in the 
landscapes of my youth until I began my under-
graduate studies in environmental science. Since 
then, the mountains have been omnipresent in my 
life, as I relocated first to Alberta and then Brit-
ish Columbia for my graduate and postdoctoral 
studies, spending lots of time in the mountains 
of northern Nunavut, southern Greenland, and 
coastal British Columbia. Now an assistant pro-
fessor at the University of Ottawa, my research 
focuses on the cycles of carbon, nutrients, and 
contaminants from mountain headwaters to the 
coastal oceans and back again. Fundamentally, I 
study connections—between places, land, water, 
and air—and I feel strongly that bringing together 
multiple knowledge systems, disciplines and per-
spectives is what is needed to ensure the health 
and wellbeing of mountain systems now and in 
the future.

Madison Stevens
As a European descendant raised in a rural 
community near Bozeman, on the ancestral 
homelands of the Apsáalooke (Crow), Tséstho’e 
(Cheyenne), Siksikaitsitapi (Blackfoot), and Séliš 
(Salish) Peoples, I grew up profoundly curious 
about the connection between human commu-
nities and the wild mountain places around me. 
This curiosity has led me to pursue research as a 
social scientist, focused on community-led bio-
diversity conservation, ecological restoration, 
and human-wildlife coexistence, particularly in 
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mountain systems. I earned my PhD in 2023 at 
the Institute for Resources, Environment, and 
Sustainability, University of British Columbia, 
where my research explored environmental deci-
sion-making in the contexts of community forest 
governance in the Indian Himalayas and non-
profit conservation planning in Canada. I have 
helped to coordinate the CMA as the Project Assis-
tant, supporting efforts to respectfully bring to-
gether multiple knowledge systems and facilitate 
communication across our large, diverse project 
team. I am currently a Postdoctoral Research 
Scholar at Boise State University working on a 
project on Indigenous-Led Ecological Restoration 
(ILER), researching Blackfoot-led restoration of 
iinnii, buffalo to their transboundary homelands. 
Away from the desk, I take any chance I get to 
play outside in the mountains and connect with 
the wild world. 

Karson Sudlow
I am a graduate student at the University of Al-
berta where I study how melting glaciers affect 
alpine stream ecosystems. As an alpine biologist, 
I explore the Rocky Mountains of Alberta and BC 
to better understand the relationships between 
glaciers, the streams, and lakes they feed, and 
the organisms living within them. Mountains 
have taught me to watch my step crossing alpine 
streams. You never know what, or who, you might 
be stepping on. 

Yan Tapp
Member and elected councillor of the Micmac 
Nation of Gespeg, I am the bearer of various po-
litical files in terms of community hunting and 
fishing, land occupancy and commercial fisher-
ies. I graduated last May from a certification in 
Indigenous governance concerning transforma-
tional leadership, my interest in schooling allows 
me to evolve. Passionate about cultural activities 
in my community, I am involved in negotiations 
with the provincial ministry to obtain a camp and 
a community activity area in the Chic-Chocs re-
serve. We also currently have new hunting and 
fishing agreements in the SEPAQ sectors. Involved 
in commercial fisheries since the Marshall judg-
ment, my experience led me to the organization of 
MWIFMA. Since 2018, I plan and finance training 
in commercial or experimental fishing accord-
ing to the needs of the indigenous communities 

of Gespeg, Gesgapegiag and Walostoqiyik Wahsi-
pekuk. My role as an Indigenous Liaison Officer is 
to collaborate with the Canadian Coast Guard and 
the respective MWIFMA communities.

Julie M. Thériault
I am a full professor in atmospheric sciences 
and a Canada Research Chair in Extreme Winter 
Weather Events at the Department of Earth and 
Atmospheric Sciences at the Université du Québec 
à Montréal (UQAM). I received a bachelor’s 
degree in physics from the Université de Monc-
ton (New Brunswick, Canada) and MSc and PhD 
in atmospheric sciences from McGill University 
(Québec, Canada). My primary research objective 
is to better understand winter precipitation for-
mation, distribution, and evolution with climate 
change. I conducted many research projects to 
better understand precipitation phase transitions 
in complex terrain over western Canada and freez-
ing rain over eastern Canada using atmospheric 
simulations, field experiments, and theoretical 
approaches. I have trained more than 50 stu-
dents, including undergraduate, MSc and PhD 
students, postdocs, and research assistants, many 
of whom were awarded national and provincial 
fellowships for their excellent academic records. 
I published more than 49 publications, along with 
a book chapter on mountain meteorology. I am 
also a member of the International Commission 
on Clouds and Precipitation and the president of 
the Canadian Meteorological and Oceanographic 
Society (CMOS) scientific committee.

Andrew Trant
I am an associate Professor in the School of En-
vironment, Resources and Sustainability at the 
University of Waterloo, in Ontario, on the Tradi-
tional Territory of the Neutral, Anishinaabeg, and 
Haudenosaunee peoples. My research explores 
the ecological and cultural impacts of long-term 
environmental change in mountainous regions 
from the Coast Mountains of British Columbia 
to the Torngat Mountains of Nunatsiavut, north-
ern Labrador. What I am most interested in is 
how these ecological changes affect livelihoods 
and cultural important species, such as caribou. 
To do this, I use a variety of methods including 
ethnoecology, repeat photography, dendrochro-
nology, experimental ecology, and remote sensed 
data analyses. Working closely with Indigenous 
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Nations, and Territorial/Provincial/Federal gov-
ernments, my co-developed research makes con-
tributions to ecological theory at regional and 
global scales, and to the discourse around ecosys-
tem management and conservation policy.

Steven M. Vamosi
I am a second-generation Canadian, born to Hun-
garian refugees who fled Soviet occupation of 
their ancestral homelands seeking a better life 
across the pond. I am Professor of Population Bi-
ology in the Department of Biological Sciences 
and Scientific Director of the Biogeoscience In-
stitute at the University of Calgary. In both roles, 
I strive to work collaboratively with local Indig-
enous communities, primarily in Alberta and 
the Yukon. Between graduate school at the Uni-
versity of British Columbia (1994–2001) and my 
faculty position at the University of Calgary (2003 
to present), I have lived just over half my life near 
mountain ranges (specifically, Coast and Rocky 
Mountains). Mountains and the elevational gra-
dients associated with them have long fascinated 
me. Members of my group and I have published 
research on montane and foothills species, in-
cluding insects, plants, trout, and salamanders, 
often with a focus on evolutionary and conser-
vation ecology. I am particularly concerned by 
the spread of exotic species, habitat loss, and the 
implications of climate change for heat-sensitive 
montane species that are prone to the “escalator 
to extinction”. 

Vincent Vionnet
I am a Research Scientist at the Meteorological 
Research Division of Environment and Cli-
mate Change Canada (ECCC) based in Montréal, 
Québec. I study cold regions hydrology and me-
teorology with a deep passion for snow and how 
it interacts with our environment. I grew up in 
the Jura mountains in Eastern France where I 
discovered the joys of winter and the beauty of 
snowy landscapes. I had the chance to actually 
study mountain snow during my Masters and 
PhD at the French Meteorological Institute where 
I spent 4 years observing and modelling blowing 
snow in the French Alps. I came to Canada for the 
first time in 2013 to study mountain meteorology 
in the Canadian Rockies and to test the next gen-
eration of meteorological models in this region. 
Since 2014, I have worked in several research 

institutions (Snow Research Center, France; Uni-
versity of Saskatchewan, Canada; ECCC, Canada) 
where snow and mountains have always been at 
the core of my research. 

John Waldron
I grew up in the UK, where I became interested 
in Earth science through a teenage enthusiasm 
for collecting fossils. I attended Cambridge and 
Edinburgh Universities and carried out gradu-
ate research in the Taurus Mountains of western 
Turkey. In 1981, I came to Canada as a postdoctoral 
fellow at Memorial University of Newfoundland. 
From 1981 until 2000 I worked at Saint Mary’s 
University, Halifax, Nova Scotia, before moving as 
a professor to the University of Alberta in Edmon-
ton. I teach introductory Earth science, tectonics, 
structural and field geology, and I developed an 
outdoor classroom, the Geoscience Garden, at the 
University of Alberta. My research deals with the 
deformed sedimentary rocks of mountain belts 
from both sedimentary and structural geological 
perspectives, with a particular focus on the Ap-
palachian orogen of Atlantic Canada and its con-
tinuation as the Caledonides of the British Isles. 
I received the Gesner medal of the Atlantic Geo-
science Society in 2009. I have extended this re-
search to studies of sedimentation and tectonics 
in the Archean of the Slave Craton in the Cana-
dian Shield, in the Cordillera of northern British 
Columbia, and in the foothills and foreland basin 
of the Nepal Himalaya.

Gabrielle Weasel Head
Oki my name is Tsa’piinaki, Dr. Gabrielle Weasel 
Head and I am a member of the Kainai Nation, 
Blackfoot Confederacy. An Assistant Professor in 
Indigenous Studies with Mount Royal University, 
my teaching background includes instructing 
on topics around First Nation, Métis, and Inuit 
history and current issues, Indigenous Studies 
(Canadian and International perspectives), Indig-
enous cross-cultural approaches, and Indigenous 
research methods and ethics. Research interests 
include meaningful assessment in higher edu-
cation, Indigenous homelessness, intercultural 
parallels in teaching and learning research, Indig-
enous lived experience of resilience, Indigenous 
community-based research, parenting assess-
ment tools reform in child welfare, anti-colonial 
theory, and anti-racist pedagogy. I am passionate 
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and deeply committed to contributing to Indig-
enous cultural continuity and sustainability. My 
work with the CMA is but one area wherein my 
embodied perspectives on balance and maintain-
ing good relations are mobilized in generative 
and mutually beneficial ways.

Sonia Wesche
I am an Associate Professor in Environmental 
Studies, Geography and Indigenous Studies at the 
University of Ottawa, located on the traditional 
unceded territory of the Algonquin Anishnaabeg 
people. As a scholar of settler origins, I work 
collaboratively with Indigenous communities, 
organizations, and other partners in Arctic and 
sub-Arctic environments to better understand 
local- and regional-scale impacts of environmen-
tal change and pathways for fostering adaptive 
capacity. My interdisciplinary research is primar-
ily community-based, and focuses on linkages 
among environmental change, food and water 
security, and health and well-being. I am hum-
bled and awed by mountain environments and 
am deepening my understanding of human and 
more-than-human relationships in the moun-
tains of Lhùʼààn Mân Ku Dán keyi, Kluane First 
Nation Traditional Territory, through an ongoing 
research partnership in the south-west Yukon.

Philippus Wester
I was born in the Netherlands, a low-lying coun-
try largely consisting of rivers, canals, polders, 
and embankments, but grew up in the mountains 
of the Eastern Highlands Province of Papua New 
Guinea. This intercultural upbringing instilled a 
deep respect in me for Indigenous Peoples and 
cultures and a love for mountains and waters. I 
studied international land and water management 
at Wageningen University in the Netherlands and 
have lived and worked in five continents, some-
times in deltas (Bangladesh, the Netherlands) 
but more frequently in mountains (Papua New 
Guinea, Mexico, Ethiopia, Nepal). I joined the 
International Centre for Integrated Mountain De-
velopment (ICIMOD) in 2013, living and working 
in Kathmandu, Nepal. During this time I coordi-
nated the Hindu Kush Himalayan Monitoring and 
Assessment Programme (HIMAP), producing the 
first Comprehensive Assessment of the Hindu 
Kush Himalaya published in 2019. I also had the 
honour to serve as Lead Author of Chapter 1 of 

the Working Group II contribution to the IPCC’s 
Sixth Assessment Report as well as the co-Lead of 
Cross-Chapter Paper on Mountains in that report. 
Based on my experience with assessments, I was 
honoured to be an international advisor to the 
CMA.

Nicole J. Wilson
I am a white scholar of settler origin. Since 2020, 
I have been an Assistant Professor and Canada 
Research Chair Tier II in Arctic Environmental 
Change and Governance in the Department of 
Environment and Geography and the Centre for 
Earth Observation Science at the University of 
Manitoba. I hold a PhD in Resource Management 
and Environmental Studies from the University 
of British Columbia and a MS in Natural Resources 
from Cornell University. I am an environmental 
social scientist. My research examines the many 
ways that Arctic and sub-Arctic Indigenous peo-
ples are asserting their self-determination and 
revitalizing their governance systems to respond 
to stressors including climate change. Long-term 
partnerships with Indigenous governments and 
organizations are central to my community-based 
research approach. I am passionate about water 
governance and politics. Indigenous water rights, 
responsibilities and authorities are central to my 
research program. I have worked in partnership 
with Yukon First Nations to examine the impli-
cations of the water rights acknowledged in their 
modern land claim agreements for water gover-
nance and decision-making in the territory. I am 
also the co-chair of the UM United Nations Aca-
demic Impact Hub for Sustainable Development 
Goal 6 on Clean Water and Sanitation at the Uni-
versity of Manitoba.

Matthew Wiseman
I am a Lecturer in North American Studies in the 
Department of History at the University of Wa-
terloo. I attained my PhD in History from Wilfrid 
Laurier University and the Tri-University Gradu-
ate Program in History in 2017 before holding a 
SSHRC Postdoctoral Fellowship at the University 
of Toronto (2017–19), an AMS Postdoctoral Fel-
lowship at Western University (2019–20), and a 
Banting Postdoctoral Fellowship at St. Jerome’s 
University (2020–22). As a historian of modern 
Canada and the United States, my research con-
centrates on the history of science, technology, 
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and medical research ethics in northern and 
Arctic contexts. I am the author of a forthcom-
ing monograph entitled Frontier Science: Northern 
Canada, Military Research, and the Cold War, 1945–
1970 (UTP, 2024), which explores the social and 
environmental consequences of acclimatization 
research and other military-sponsored science 
projects carried out in Indigenous communities 
near Hudson Bay. My research on the history of 
science in the Cold War has also appeared in such 
leading journals as the Canadian Historical Review, 
International Journal, and Scientia Canadensis. In ad-
dition to my professional work, I volunteer as the 
Communications Director for the Canadian Sci-
ence and Technology Historical Association.

Kristine Wray
I am the Canadian Mountain Network Fellow in 
Indigenous Knowledge and the Decolonization of 

Science, as well as a PhD Candidate in Environ-
mental Sociology. I am working with Dr. Brenda 
Parlee in the Faculty of Agriculture, Life and En-
vironmental Sciences (ALES) at the University of  
Alberta. A proud member of the Métis Nation  
of Alberta, my graduate work has focused on In-
digenous approaches to resource management, 
specifically commercial and traditional fisheries 
(Great Slave Lake) and caribou co-management 
(Porcupine herd). I have a particular interest in 
the interface of Indigenous Knowledge and sci-
ence. Finally, I am developing and teaching a new 
course in ALES called RSOC 260: Indigenous Foun-
dations for the Environmental and Conservation 
Sciences.

Note: Bios for Melissa Quesnelle and Douglas Kootenay 
were not available at the time of publication
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Andrew, L. Nę K’ǝ Dene Ts’ı ̨l̨ı.̨ Oral teaching, Canadian Mountain Assessment Learning Circle: Mountains as Homelands, 1. 
Banff, AB. May 24–26, 2022. [LC 3.3, LC 3.12] 
https://digitalcollections.ucalgary.ca/AssetLink/68ka5x5bj4vpkq430l5678018qsx0280.mp4

Andrew, L. Nę K’ǝ Dene Ts’ı ̨l̨ı.̨ Oral teaching, Canadian Mountain Assessment Learning Circle: Gifts of the Mountains, 1. 
Banff, AB. May 24–26, 2022. [LC 4.7, LC 5.33] 
https://digitalcollections.ucalgary.ca/AssetLink/a7te0i88l34o3ah24e4n637257k27b0m.mp4 

Andrew, L. Nę K’ǝ Dene Ts’ı ̨l̨ı.̨ Oral teaching, Canadian Mountain Assessment Learning Circle: Desirable Mountain Futures, 
1. Banff, AB. May 24–26, 2022. [LC 6.4]  
https://digitalcollections.ucalgary.ca/AssetLink/4fx685ae11k05keoycfa8087a8381x3f.mp4

Desmarais, G. Inuit, Kinngat, Nunavut. Oral teaching, Canadian Mountain Assessment Learning Circle: Mountains as 
Homelands, 1. Banff, AB. May 24–26, 2022. [LC 3.13] 
https://digitalcollections.ucalgary.ca/AssetLink/8r43by8t82m2o245r0hknpj4v7g6764w.mp4

Desmarais, G. Inuit, Kinngat, Nunavut. Oral teaching, Canadian Mountain Assessment Learning Circle: Gifts of the Moun-
tains, 1. Banff, AB. May 24–26, 2022. [LC 4.10, LC 4.17, LC 4.24] 
https://digitalcollections.ucalgary.ca/AssetLink/11b3046y1n15c4uj3bk1urc8x2a760iw.mp4

Desmarais, G. Inuit, Kinngat, Nunavut. Oral teaching, Canadian Mountain Assessment Learning Circle: Gifts of the Moun-
tains, 2. Banff, AB. May 24–26, 2022. [LC 4.11] 
https://digitalcollections.ucalgary.ca/AssetLink/ib07464n06064738n6433y0n6jq270so.mp4 

Dicker, M. Inuit, Nunatsiavut. Oral teaching, Canadian Mountain Assessment Learning Circle: Mountains as Homelands, 1. 
Banff, AB. May 24–26, 2022. [LC 3.21, LC 4.19] 
https://digitalcollections.ucalgary.ca/AssetLink/05k3e7u7ciqxn58860clwj0d3i2tn22i.mp4

Dicker, M. Inuit, Nunatsiavut. Oral teaching, Canadian Mountain Assessment Learning Circle: Gifts of the Mountains, 1. 
Banff, AB. May 24–26, 2022. [LC 4.31] 
https://digitalcollections.ucalgary.ca/AssetLink/8a3ww703532d11hhgh5qej7ji338u6xo.mp4

Dicker, M. Inuit, Nunatsiavut. Oral teaching, Canadian Mountain Assessment Learning Circle: Gifts of the Mountains, 2. 
Banff, AB. May 24–26, 2022. [LC 2.16, LC 4.28, LC 4.30] 
https://digitalcollections.ucalgary.ca/AssetLink/y3n2wlu3135mgv03n4u3vy0bk486c608.mp4

Jerome, P.N. Micmacs of Gesgapegiag. Oral teaching, Canadian Mountain Assessment Learning Circle: Mountain Environ-
ments, 1. Banff, AB. May 24–26, 2022. [LC 2.10, LC 2.17, LC 5.35] 
https://digitalcollections.ucalgary.ca/AssetLink/8twnorojmbpo6454g7r7066x21x4p0fd.mp4

Jerome, P.N. Micmacs of Gesgapegiag. Oral teaching, Canadian Mountain Assessment Learning Circle: Mountains as Home-
lands, 1. Banff, AB. May 24–26, 2022. [LC 3.4] 
https://digitalcollections.ucalgary.ca/AssetLink/814y8tck8fx63076ii336436x5vx6h02.mp4

Jerome, P.N. Micmacs of Gesgapegiag. Oral teaching, Canadian Mountain Assessment Learning Circle: Mountains as Home-
lands, 2. Banff, AB. May 24–26, 2022. [LC 3.18] 
https://digitalcollections.ucalgary.ca/AssetLink/8i4mle667umac0t2fxl24r8pm2t2bi5q.mp4

Jerome, P.N. Micmacs of Gesgapegiag. Oral teaching, Canadian Mountain Assessment Learning Circle: Gifts of the Moun-
tains, 1. Banff, AB. May 24–26, 2022. [LC 2.4, LC 2.19, LC 3.8, LC 4.8, LC 4.12, LC 4.22, LC 4.27, LC 5.39]
https://digitalcollections.ucalgary.ca/AssetLink/4oiw2okbwy468vpfo54q25f5myqo154y.mp4 

Jerome, P.N. Micmacs of Gesgapegiag. Oral teaching, Canadian Mountain Assessment Learning Circle: Gifts of the Moun-
tains, 2. Banff, AB. May 24–26, 2022. [LC 4.26] 
https://digitalcollections.ucalgary.ca/AssetLink/4nwirbtew5771ph4r02103erpnv1d453.mp4
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The Canadian Mountain Assessment provides a first-of-its-kind look at what we know, do 
not know, and need to know about mountain systems in Canada. The assessment is based 
on insights from First Nations, Métis, and Inuit knowledges of mountains, as well as find-
ings from an extensive assessment of pertinent academic literature. Its inclusive knowl-
edge co-creation approach brings these multiple forms of evidence together in ways that 
enhance our collective understanding of mountains in Canada, while also respecting and 
maintaining the integrity of different knowledge systems.

The Canadian Mountain Assessment is a text-based document, but also includes a vari-
ety of visual materials as well as access to video recordings of oral knowledges shared 
by Indigenous individuals from mountain areas in Canada. The assessment is the result of 
over three years of work, during which time the initiative played an important role in con-
necting and cultivating relationships between mountain knowledge holders from across 
Canada. It is the outcome of contributions from more than 80 Indigenous and non- 
Indigenous individuals and contains six chapters:

1. Introduction
2. Mountain Environments
3. Mountains as Homelands
4. Gifts of the Mountains
5. Mountains Under Pressure
6. Desirable Mountain Futures

By way of these chapters, The Canadian Mountain Assessment aims to enhance appre-
ciation for the diversity and significance of mountains in Canada, to clarify challenges 
and opportunities for mountain systems in the country, and to motivate and inform new 
research, relationships, and actions that support the realization of desirable mountain 
futures. More broadly, The Canadian Mountain Assessment provides insights into applied 
reconciliation efforts in a knowledge assessment context and seeks to inspire similar 
knowledge co-creation efforts in and beyond Canada.
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