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Abstract
Climate change disproportionately affects Indigenous Peoples because of strong connections between
environmental, cultural, and spiritual well-being. While much of the global discourse surrounding
climate change is founded in Western science, the holistic, place-based knowledge of Indigenous
Peoples offers a complementary way of understanding and mitigating climate change impacts. The
goal of this research was to elevate Anishinaabe concerns, observations, and perspectives about
climate change impacts and future research needs. We organized a workshop called “Connecting
Guardians in a Changing World” where participants shared concerns about animal and plant life
cycles, water cycles and water quality, and impacts to ways of life, including reduced capacity to
perform cultural practices and erosion of their knowledge. Participants highlighted the challenge of
prioritizing a single impact of climate change, emphasizing that impacts to the environment and ways
of life are interconnected. Participants also expressed the need for research and policy that move
beyond interdisciplinarity to include intercultural philosophy and research that better reflects
Indigenous worldviews and incorporates Indigenous methodologies. Moving forward, meaningful
partnerships and opportunities for knowledge sharing should be prioritized in climate change
discourse to ensure solutions are generated together, with all of the tools and knowledge available.

Key words: Indigenous Knowledge, knowledge sharing, environmental change, phenology,
monitoring, Indigenous research priorities, socioecological systems

Introduction
Climate change is one of the most important issues facing the globe today. Growing concentrations of
greenhouse gases are causing average temperatures and sea levels to rise, precipitation patterns to
change, snow and ice cover to decrease, and extreme weather events (e.g., heat waves, floods,
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wildfires) to become more frequent and intense (Intergovernmental Panel on Climate Change (IPCC)
2014; Bush and Lemmen 2019). The current environmental crisis is thought to be predominantly
caused by developed nations (i.e., due to higher greenhouse gas emissions; Mattoo and
Subramanian 2012; Matthews et al. 2014), which are often associated with worldviews that view
nature as a commodity to be dominated and (or) managed for the benefit of humans (McGregor
2018). However, the compounding impacts of this crisis fall disproportionately on Indigenous
Peoples, because of their close ties to the land for sustenance, culture, well-being, and the widespread
impacts of colonialism that continue to disrupt and undermine their political, cultural, and socioeco-
nomic systems (Tsosie 2007; Whyte 2017; Chisolm Hatfield et al. 2018; Human Rights Watch
(HRW) 2020).

As the environment continues to change, the socioecological impacts of climate change on Indigenous
Peoples are becoming increasingly apparent. Changes in the distributions, life cycles, behaviour
(e.g., migration), productivity, and health of species used for food and medicine are making it increas-
ingly difficult for Indigenous Peoples to harvest these species and interact with the land in the ways
their families have for generations (Guyot et al. 2006; Ford et al. 2013; Settee and Shukla 2020).
Unpredictable weather patterns and changes in ice and snow conditions are making harvest activities
costlier, more dangerous, and sometimes even impossible (Laidler et al. 2009; Lynn et al. 2013;
Derksen et al. 2019). Reduced access to traditional foods and medicines, less time out on the land,
and water quality issues are all linked to adverse effects on physical health (Richmond et al. 2005;
Harper et al. 2011; Berrang-Ford et al. 2012; Ford 2012). And, ultimately, for people and entire
nations whose sense of community, identity, and well-being emerge from strong connections to the
land and to place (Adelson 2000; Wilson 2003; Parlee and Berkes 2005; Kral et al. 2011;
Mikraszewicz and Richmond 2019), these biophysical changes and disruptions to ways of life are
linked to declining emotional, spiritual, and sociocultural well-being (Berry et al. 2010; Furberg et al.
2011; Cunsolo Willox et al. 2012; Ford 2012; Willox et al. 2015; Cameron et al. 2021).

While Indigenous Peoples are widely acknowledged to be highly vulnerable to the impacts of climate
change, their unique knowledge systems and experiences remain vastly underrepresented in discourse
surrounding climate change impacts and, particularly, solutions for the future (Ford et al. 2016;
Makondo and Thomas 2018; Latulippe and Klenk 2020). Although Indigenous worldviews are
diverse, there are common philosophical and spiritual underpinnings that guide relationships with
the natural world, centered around respectful relationships, environmental sustainability, and persist-
ence for future generations (Simpson 2000; McGregor 2018; Nelson and Shilling 2018; Whyte 2018).
Plus, because of holistic relationships with the environment and associated phenologies, Indigenous
Knowledge has potential to identify changes undetected by Western science, including in-depth,
place-based observations of environmental change over greater time-scales than Western science
allows (Gagnon and Berteaux 2009; Whyte 2017; Chisolm Hatfield et al. 2018). Moreover,
Indigenous Peoples have developed a capacity for adaptation and resilience through generations of
surviving environmental change (Turner and Clifton 2009; Whyte 2017) including the undermining
of political, economic, legal, and governance systems through historical and ongoing colonial policies
and practices of cultural genocide (Reo and Parker 2013; The Truth and Reconciliation Commission
of Canada (TRC) 2015; Makondo and Thomas 2018; National Inquiry 2019). As such, creating space
for Indigenous voices in climate change research and decision-making will provide a more robust and
accurate characterization of environmental change and associated socioecological impacts, as well as
“instructions” for adaptation, sustainability, and living in harmony with the environment (Turner
and Clifton 2009; Ford et al. 2016; Makondo and Thomas 2018; Cameron et al. 2021).

In this paper, we present observations, concerns, and knowledge shared in a regional workshop with
Elders, youth, and environmental professionals representing 12 Anishinaabek communities in the
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Great Lakes region of the Robinson–Huron Treaty Area (Ontario, Canada; Fig. 1). Through a
number of sharing circles, we discussed three main topics related to climate change: (i) key concerns
related to the environment, (ii) key concerns related to community and ways of life, and (iii) future
research priorities. The knowledge and experiences we share throughout this paper are both place-
and context-specific, illustrating unique, local observations of climate change impacts on the Great
Lakes region of Canada and Anishinaabe ways of life. This knowledge is accumulated through gener-
ations of lived experience and particular relationships with the land and cannot be separated from the
people and the places that hold and (or) practice it (McGregor 2004, 2018; Latulippe and Klenk 2020).
However, when considered alongside knowledge shared by other Nations (e.g., Guyot et al. 2006;
Cunsolo Willox et al. 2012; Ford et al. 2013; Brinkman et al. 2016; Cameron et al. 2021), it reveals
how climate change impacts and priorities are both the same and different across locations and

Fig. 1. The locations of the 12 Anishinaabek communities who participated in the “Guardians in a Changing World” workshop.
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contexts. Considering the magnitude of the current environmental crisis, all available knowledge and
expertise, including Indigenous and Western, from local to global scales, will be essential for identify-
ing, understanding, and mitigating the multidimensional impacts of climate change.

Research approach and methods
This research was led and conducted by Indigenous Peoples and communities, and their allied
researchers. It was co-developed and conducted in partnership between the academic research team
and Magnetawan First Nation in response to local concerns, observations, and research needs.
Individuals from Magnetawan First Nation and other participating communities gave approval for
the research and subsequent publications and provided feedback and results validation through
surveys, oral presentations, and feedback forms. We obtained informed consent from all participants
and had Research Ethics Board ethics approval from Mount Allison University and the University of
British Columbia (Okanagan) (H19-01453).

Our approach
The purpose of this paper was to share perspectives, experiences, and knowledge of Anishinaabek
communities and advocate for the inclusion of Indigenous Knowledge, research methodologies, and
priorities in climate change discourse. This research provides an example of truly Indigenous-led cli-
mate change research; it was motivated by community concerns, developed and implemented by
Indigenous communities and allied researchers, uses Indigenous research methodologies, and
addresses issues that are important to the communities involved. Our authorship team consists of
both Indigenous and non-Indigenous researchers from biology, law, and environmental sciences;
environmental professionals; and Indigenous Knowledge holders with lived experience in
Anishinaabe ways of knowing. At the core of our research approach is partnership, respect, and
reciprocity among Indigenous and non-Indigenous partners to ensure that the knowledge, concerns,
and priorities shared throughout were not misinterpreted or appropriated and are based on the per-
spectives and needs of everyone. Ultimately, we aim to generate climate change research, policy,
and decision-making that holds deliberate and respectful space for Indigenous Peoples to share their
knowledge, traditions, and values; an approach that will, ultimately, ensure important decisions are
made with all of the available tools and knowledge and are in the best interest of everyone and the
planet.

“Guardians in a Changing World” workshop
In November 2019, environmental professionals, Elders, and youth from 12 Anishinaabek commun-
ities in the upper Great Lakes region of the Robinson–Huron Treaty Area were invited to participate
in a two-day workshop called “Connecting Guardians in a Changing World”. The workshop was
hosted initiated and by Magnetawan First Nation and included individuals from Batchewana First
Nation, Garden River First Nation, Sagamok Anishnawbek, Serpent River First Nation, Shawanaga
First Nation, Temagami First Nation, Whitefish River First Nation, Wiikwemikoong Unceded
Territory, Biigtigong Nishnaabeg, and Brunswick House First Nation (see Fig. 1 for map).
Invitations were sent to a representative from each of the community’s Lands/Natural Resources
department who then worked with the community to invite an Elder or knowledge holder and one
youth (age 19–30 years) to attend the workshop. In total, 37 individuals participated, including
8 Elders, 3 knowledge holders, and 15 youth. To open communication between facilitators and
participants, each participant received a tobacco tie, and each day was opened and closed in
ceremony. Elders also received an honorarium. The objectives of the workshop were to bring commu-
nity members together to discuss environmental concerns, one of which was climate change.
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At the workshop, the 37 participants were divided into four sharing circles to discuss a series of pre-
determined, open-ended questions over two days. Sharing circles, which are similar to focus groups,
represent an Anishinaabe data gathering and knowledge sharing method allowing for nonhierarchical
open conversation that facilitates a transfer of knowledge, storytelling about lived experiences, and
observations (Tachine et al. 2016). Each of our sharing circles consisted of six or seven individuals
and were led (in English) by a facilitator from the research team. The audio of each sharing circle
was recorded for transcription at a later date. Three major themes were discussed in each sharing
circle: (i) the greatest climate change concerns related to the environment, (ii) the greatest climate
change concerns related to community and ways of life, and (iii) climate change research priorities
and future directions. After the sharing circles concluded, facilitators met to determine the five most
common responses under each theme and shared these with the larger group. All participants were
then asked to place a single sticker next to the one statement they felt was the most important under
each theme, such that each participant only placed three stickers (one sticker for each theme; Fig. 2).
The statements with the most stickers were considered to be the most important climate change
concerns and (or) research priorities (see Table 1).

Audio recordings from the workshop were transcribed using Trint (www.trint.com), and then
manually verified by the research team. Unless explicitly identified in the recording, all information
provided in the interviews was kept anonymous. Transcripts were coded by hand. We used our three
workshop objectives (i.e., impacts to the environment, impacts to traditional ways of life, and future
research directions) as the broadest themes for coding and then further categorized quotes into
subthemes that emerged from participants’ observations and perspectives during the workshop

Fig. 2. A photo of the dot-voting exercise outcome for the “Research Priorities” theme. Each workshop partici-
pant was asked to place a sticker next to the single statement they thought was the most important research
priority.
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(i.e., the dot-voting exercise) and the transcripts themselves (e.g., for environmental concerns,
sub-themes included animals, life cycles, water, etc; for more detail, see Supplementary Materials).

Results and discussion
Through our two-day workshop we heard Anishinaabe perspectives, experiences, observations, and
knowledge all pointing to severe and daunting socioecological impacts of climate change, including
impacts on the timing of important life cycles, cultural and spiritual practices, and challenges for
maintaining knowledge systems. While we separated our discussion points into environmental and
cultural impacts, and share results separately, below we also discuss insights from participants,
provided as direct quotes, as to why this separation is problematic and challenges Indigenous world-
views. Related to this or, perhaps as a result, participants highlighted a need for more holistic research
approaches and emphasized a need for more respectful engagement with Indigenous communities
and prioritization of Indigenous Knowledge in climate change discourse. The workshop discussions
further emphasized the vulnerability, strengths, and resilience of Indigenous Peoples, a paucity of

Table 1. Results of the dot-voting exercise demonstrating the top concerns and (or) priorities for each of the
three discussion themes.

Concern or priority Number of votes

Greatest concern for the environment

*Animal and plant life cycles are changing 9

*Water cycle and quality are changing 8

Biodiversity is shifting 4

Disease and parasites 2

Animal and plant distributions are changing 1

Total = 24

Greatest concern for community and ways of life

*Traditional and spiritual practices 13

*Understanding the land is becoming more difficult and unpredictable 9

We need to identify where to allocate resources 2

Decreased opportunities to harvest wildlife and medicines 0

Limited capacity of communities to address climate change 0

Total = 24

Future research priorities

*Research and policies that weave Indigenous and Western knowledge 9

*Baseline animal and plant inventory and long-term monitoring 6

*More holistic, ecosystem-level approaches 6

Risk assessment for communities 1

Water quality and quantity 1

Total = 23

Note: Workshop facilitators recorded the top concerns/priorities during the discussions in each sharing circle, then workshop
participants voted on which they thought was the most important within each category. Participants could only vote once per
category. The concerns/priorities marked with an asterisk (*) are discussed further in the results and discussion section.
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meaningful engagement with Indigenous communities in climate change policy and decision-making,
and the potential contributions of Indigenous Knowledge to climate change research and adaptation
planning into the future.

Climate change impacts on the environment

“Our calendar system in Ojibwe, we have 13 months rather than 12, and each one is named
something based on what happens during that moon. Which is frightening because those
things are changing.” —Anonymous interview participant

Workshop participants identified shifts in animal and plant life cycles and the timing of natural
phenomena as the top concern related to climate change impacts on the environment (9 of 24
participants). Some participants spoke generally of changes in all life cycles, but others provided
specific examples like changes in the timing of bird migration, growth of important plants (e.g., maple
trees, berries), hibernation patterns of wildlife (e.g., snakes), and the timing and duration of snow and
ice cover. Phenological events, or the seasonal/periodic events in plant and animal life cycles, are
considered highly sensitive to environmental variation and climate change (Friedl et al. 2014;
Thackeray et al. 2016). Generally, in the northern hemisphere, events associated with spring appear
to be occurring earlier and autumn events are delayed (Menzel and Fabian 1999; Steltzer and Post
2009). Both Western scientific and Indigenous knowledges suggest shifts in the timing of migration
(caribou, Le Corre et al. 2017; migratory birds, Murphy-Klassen et al. 2005; Guyot et al. 2006),
running and spawning of fish (Jacob et al. 2010), snow and ice dynamics (e.g., freeze-up, melt;
Guyot et al. 2006; Laidler et al. 2009; Tam et al. 2013; Proverbs et al. 2021), and reproductive timing
of animals and plants (Todd et al. 2011; Lynn et al. 2013). Differences in the impacts to and responses
of various plant and animal species to environmental changes are also creating “mismatches” between
species (e.g., predator–prey or herbivore–plant interactions; Thackeray et al. 2016; Peers et al. 2020),
and between wildlife and their environments (e.g., breeding mismatched with food availability;
Doiron et al. 2015; Lameris et al. 2018). Not only are these seasonal changes affecting the health
and well-being of the environment, but they are also making it difficult for people to predict where
and when to access important foods and medicines (Guyot et al. 2006; Jacob et al. 2010; Moerlein
and Carothers 2012; Lynn et al. 2013; Brinkman et al. 2016; Proverbs et al. 2021).

“ : : : Harvesting medicines is becoming difficult. Well, you know, it used to be like ‘June is
when we’re going to go harvest strawberries’ [but] we don’t get them until July. The end of
June, early July was the time we needed to go harvest birch bark. This year [2019] when we
harvested birch bark, we had less than two weeks and we usually have one month.
Harvesting winter bark, you know, the time to harvest winter bark would probably be right
now [November]. Probably now for a month. Now the best time to harvest is less than two
weeks.” —Anonymous interview participant

Another concern related to the environment was changes in increasing water temperatures, threats to
water quality, and changes in water cycles (8 of 24 participants). Participants expressed concerns for
downstream effects of increasing water temperatures on aquatic organisms and, consequently, access
to them.

“I’ve noticed with respect to climate change that [ : : : ] the variances in the water temperature
raising is pretty alarming. How we can tell when the fish, the pickerel, the walleye are done
spawning is that we start to see bass, we start to see bass in, and it means that the river water
is lowering [and] the water temperature is also rising. And so, we are noticing that the actual
duration for the fish spawning period in the hatchery or in the river used to [be] over a
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month, this year we were lucky to get about two and a half weeks. Which is pretty scary
because I think it is pretty detrimental.”

Indeed, research indicates that climate change is causing substantive changes in aquatic ecosystem
dynamics, including increases in temperature and acidification, which are impacting fish distributions
(Perry et al. 2005; Proverbs et al. 2021), timing of spawning events (Jacob et al. 2010; Pankhurst and
Munday 2011), behaviour (Moerlein and Carothers 2012), and health (e.g., contaminant exposure,
Noyes et al. 2009). Changes in the timing and abundance of fish are highly problematic for
Indigenous communities that rely on traditional fishing practices for sustenance (Jacob et al. 2010;
Moerlein and Carothers 2012). Climate change is also impacting water levels in local creeks, rivers,
and lakes (Guyot et al. 2006) as well as water quality (Delpla et al. 2009), which could increase the risk
of waterborne disease (Harper et al. 2011). Notably, many Indigenous communities are already faced
with a water crisis because of limited or nonexistent infrastructure and political inequality (Meehan
et al. 2020; Arsenault 2021), so even subtle environmental changes could exacerbate water-related
health risks that already disproportionately affect Indigenous people.

Climate change impacts on ways of life

“The climate change impacts to those [animals and environment] will actually impact our
community and way of life.”

When considering the impacts of climate change on their communities and traditional ways of life,
workshop participants expressed the greatest concern for their capacity to perform cultural and
spiritual practices (13 of 24 participants). Indigenous Peoples have an interdependent relationship
with the land where identity, culture, and spiritual well-being emerge from one’s connection to the
land and to place (Adelson 2000; Wilson 2003; Parlee and Berkes 2005). Therefore, changes to the
land or reduced time spent on the land can lead to cultural disruption and can affect sense of self
and cultural identity (Middleton et al. 2020). Many did not mention specific practices but, rather,
emphasized the concern for their culture, beliefs, and teachings as a whole.

“The Anishinaabe values, Anishinaabe teachings, Anishinaabe culture and all those teachings
and knowledge come from the animal and plant life, the way we behave, the way we teach,
and we interact with each other and those teachings come from the animals.”

Similar sentiments have been shared by Indigenous Peoples from around the globe; changes in
environmental conditions, the timing of natural events, and access to wildlife and medicines are
impacting cultural practices from traditional harvest methods to canoe making, music, dance, art,
and spirituality (Guyot et al. 2006; Brosi et al. 2007; Sakakibara 2009; Jacob et al. 2010; Allison
2015; Harrison 2020).

Second, workshop participants were concerned about the potential erosion of their land-based knowl-
edge systems as the land continues to change: “You can’t read what’s going on around you, you can’t
read the water, it’s hard to read the sky. Things are getting difficult.” Indigenous Knowledge is defined
by place, specifically by intimate relationships with the land, water, and wildlife therein (Berkes 2018).
One participant spoke of the critical role of wildlife in the knowledge systems of Indigenous Peoples
stating: “the species are knowledge keepers themselves”. As wildlife populations decline and (or)
become less accessible, not only are land-based activities (e.g., harvest) becoming more challenging,
but opportunities to learn from nonhuman knowledge keepers are becoming increasingly rare.
While Indigenous Knowledge is ever-changing and adaptive, renewed by each succeeding generation
(Berkes 2018; Kimmerer 2018), participants were concerned that the rate of environmental change is
too rapid to adapt to: “ : : : climate change is happening so fast that we can’t–our Traditional
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Knowledge can’t–keep up, then you’re going to lose something along the way”. Ultimately, as the land
continues to change and becomes unfamiliar, workshop participants expressed concern that their
knowledge systems will erode over time and, eventually, be lost. This is already occurring and causing
emotional distress for knowledge holders, who find it challenging to mobilize knowledge, and for
youth, who are trying to connect with the land and animals but are having a hard time.

“The kind of social impacts and emotional impacts that [climate change] has when you were
so ingrained in that way of life, when you are so deeply ingrained in that knowledge, those
relationships with the land, and you go and try to mobilize what you know and trying to
share that with other people and as soon as you go to do it, it’s like, you know, now’s not
the time. And it’s really discouraging. It’s disheartening and it’s definitely frustrating for all
people that carry that knowledge.”

“ : : : youth have been identifying that they want to be out there learning those things and
connecting to those animals. But when they’re changing and they’re leaving and there’s less
of them, it’s a lot harder for the youth to get those connections and start to learn their culture.
And, as a whole family, the way that we were supposed to do it”

Threats to land-based knowledge, including navigational skills and knowledge of traditional hunting
practices, have been reported in other Indigenous communities (Guyot et al. 2006; Laidler et al.
2009; Athayde et al. 2017; Proverbs et al. 2021), suggesting a more widespread and, perhaps, under-
stated and time-sensitive impact of the current environmental crisis.

Socioecological impacts of climate change

“When I see species starting to disappear, I see my culture starting to disappear.”

While we separated our discussion points into environmental and cultural impacts of climate change,
we heard very strongly that this separation is problematic and challenges Indigenous worldviews.
A prominent message that emerged from the sharing circles was the difficulty for participants to
separate concerns related to the environment and concerns related to community and traditional
ways of life. Generally, participants spoke to the challenge of pinpointing a single concern: “We don’t
really have a greatest [climate change] concern. It’s all interconnected.” Indigenous Peoples share a
worldview of interdependence, connectedness, relatedness, and co-existence between nature and all
living creatures (Michell 2011; Martinez 2018; McGregor 2018), making it difficult to separate effects
of climate change on the environment from effects to culture, way of life, health, and well-being
(Moerlein and Carothers 2012; Mikraszewicz and Richmond 2019):

“ : : : I think about our entire culture as a whole and how those species start disappearing, our
culture is going to start disappearing. Because, like my mom said this morning, those animals,
they’re our teachers, our relatives, our clans. And if we can’t make those connections and
learn from those animals, our cultures are going to start disappearing, and then it’s going to
be all over, and I can’t go out on the land and do those things.”

These discussions further reinforce the vulnerability of Indigenous Peoples to climate change due to
the strong connections between environmental well-being and ways of life which, ultimately, affect
physical health, cultural integrity, and emotional well-being (Parlee and Berkes 2005; Richmond et al.
2005; Turner and Clifton 2009; Kral et al. 2011). It also highlights the limitations of Western scientific
approaches to climate change research and decision-making, which tend to separate ecological, social,
cultural, and health impacts into separate disciplines.
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Future research priorities

“Traditional Knowledge is scientific knowledge.”

Beyond discussing impacts to Anishinaabe ways of life, we discussed community priorities for climate
change research moving forward. Generally, the top research priorities were broad and related to how
environmental research is conducted and less related to specific environmental concerns that emerged
in the first two questions (e.g., water quality was a top concern but not a top research priority). The
top research priority (9 of 23 participants) was to develop research and policies that include
Indigenous andWestern knowledges, together. Despite the disproportionate impact of climate change
on Indigenous Peoples, environmental research, management, and associated decision-making
processes in Canada have a history of exclusion of Indigenous voices and, to this day, remain guided
primarily by Western science based knowledge systems and processes (e.g., Binnema and Niemi 2006;
Eckert et al. 2020; Latulippe and Klenk 2020; Reid et al. 2020). “The value of Indigenous Knowledge
isn’t taken as seriously by Western ways of knowing. [ : : : ] Western science, it can contribute, but
it’s not the be all end all.” Indigenous Knowledge can provide observations and in-depth knowledge
on local changes in ecological processes and (or) relationships in ways that Western science cannot.
Complex environmental issues, like climate change, could benefit substantially from approaches that
braid together Indigenous and Western ways of knowing (Turner and Clifton 2009; Ford et al. 2016;
Makondo and Thomas 2018; Cameron et al. 2021). For example, Two-Eyed Seeing is a process
described as learning to see from one eye with the strengths of Indigenous Knowledge and ways of
knowing, and from the other eye with the strengths of Western knowledge and ways of knowing,
but using both eyes, together, to work towards shared goals (Bartlett et al. 2012; Reid et al. 2020).
Ultimately, Two-Eyed Seeing and similar models (e.g., the Two-Row Wampum; McGregor 2011;
Latulippe 2015) that truly respect the strengths and validity of both Indigenous Knowledge and
Western science will ensure that important decisions are made with all of the tools and knowledge
available and will create a path forward for climate change research and policy that are rooted in
mutually beneficial outcomes, good relationships, and reconciliation with each other and the Earth.

However, workshop participants voiced concerns and reservations related to weaving Indigenous and
Western ways of knowing, emphasizing the need to do it in a “good” way. Individuals voiced
frustrations over past experiences, including insufficient engagement done simply “to check a box”.
Others shared that Indigenous Knowledge is disrespected, reduced down to data, or used as a means
to support Western scientific findings, with very few examples where Indigenous Knowledge and val-
ues were effectively prioritized (see also David-Chavez and Gavin 2018; Latulippe and Klenk 2020).

“I did a little research into this and how it works, how the [knowledge systems] work together
currently in the system [ : : : ]. There’s definitely some positive examples, but there’s also a lot
of negative examples where the Indigenous Knowledge is not seen as the same. Or they use,
you know, they’ll go out and they’ll ask people questions and they’ll go get the Western scien-
tists to go and confirm what the Elders and the medicine people are already saying. So, I think
the suggestion would be definitely to never reduce Indigenous Knowledge down to data.”

Workshop participants suggested holding future workshops to share perspectives and discuss how to
create ethical space (Ermine 2007), an approach that holds space for both Western science and
Indigenous Knowledge, values, and worldviews simultaneously. We recommend that researchers and
decision-makers make this a priority. As well, non-Indigenous environmental researchers,
managers, and policy makers must acknowledge and challenge current power imbalances and priori-
tize meaningful relationships with Indigenous partners to ensure that Indigenous Knowledge and
research methodologies are truly valued and respected instead of being appropriated and (or) misinter-
preted (McGregor 2014; Latulippe 2015; Hovel et al. 2020; Wong et al. 2020; Hessami et al. 2021).
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The next two research priorities identified by workshop participants provided tangible instructions on
how to undertake Indigenous climate change research, or research that better reflects Anishinaabe
worldviews and teachings. First, workshop participants emphasized that typical species-specific
approaches to wildlife monitoring and management do not properly capture the impacts of climate
change on the environment nor will they be effective in mitigating the widespread effects. Instead,
they (6 of 23 participants) expressed a need for more holistic approaches to climate change research.
For some this meant research focused on “the whole system, not just the species” (i.e., community or
ecosystem-level approaches) and for others it meant more interdisciplinary research that captures
climate change impacts on environmental, physical, emotional, spiritual, and cultural well-being at
the same time. “I think more about the whole interconnectivity. [ : : : ] looking at the spiritual compo-
nent and everything. That type of research has yet to even be done : : : ” Using more holistic
approaches to describing and understanding climate change impacts has potential to capture more
nuanced impacts (on all species, not just keystone species) and create added value of research, as it
would capture not only environmental impacts but also the socioecological impacts. Indigenous
Knowledge—a more holistic way of viewing and understanding the world—could provide the
foundation for such approaches moving forward.

Finally, the third primary research priority (6 of 23 participants) was to obtain more baseline informa-
tion and conduct more thorough environmental monitoring: “I think knowing what those indicators
[species] are, but also how they’re changing [over time].” There is a recognized, universal need for
baseline information to detect changes in the environment and assess success of current and future
management decisions (Harper et al. 2011; Lindenmayer et al. 2015). But, beyond that, participants
expressed a specific need for external support—financial and logistical—to build Indigenous-led
monitoring programs that recognize the rights, values, and customs of Indigenous Peoples.
Community-based or Indigenous-led monitoring programs are emerging across Canada and the
globe. Such initiatives have proven to be effective at gathering rigorous data about the environment
through both Indigenous and Western knowledge; building collaboration among Indigenous and
non-Indigenous researchers, managers, and decision-making bodies; building local research capacity;
and revitalizing knowledge systems and connection to the land (Kouril et al. 2016; Timoti et al. 2017;
Gérin-Lajoie et al. 2018; Wilson et al. 2018; Mikraszewicz and Richmond 2019; Thompson et al. 2019;
Hovel et al. 2020; Popp et al. 2020; Reed et al. 2021). In Canada, Crown governments—federally and
regionally—have begun to invest in Indigenous-led environmental monitoring (e.g., Indigenous
Guardians Pilot, Indigenous Community-Based Climate Monitoring Program), but more work needs
to be done to guarantee the long-term success of these initiatives, and to ensure information gathered
through these programs actually inform decisions and policy that affect Indigenous lives and lands
(Hessami et al. 2021).

Conclusions
Observations, experiences, and knowledge of Anishinaabek communities of the Great Lakes region,
indicate that the timing of important life cycle events, water cycles and temperatures, biodiversity,
and access to important species are all being impacted by climate change. These biophysical changes
in the environment are affecting traditional livelihoods, including the capacity to perform cultural and
spiritual practices and the ability to acquire and transfer knowledge to future generations, which has
cascading effects on physical, cultural, and emotional well-being. The emphasis placed on the
inextricable connections between the environment and ways of life reinforce the unique and harmful
impacts climate change has and will continue to have on Indigenous Peoples. It also highlights limi-
tations of Western scientific approaches to understanding and mitigating climate change impacts,
which often separate complex systems into smaller components and do not easily capture the
emotional, cultural, and spiritual elements of relationships in the natural world. Future research must
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confront how climate change impacts are characterized and interpreted (i.e., species specific and
interdisciplinary vs. ecosystem wide and more holistic), move beyond interdisciplinary science
towards cross-cultural understandings, and challenge who is involved in on-the-ground efforts,
important discussions, and policy decisions.

Kimmerer (2018, p. 47) said that “[Western] science is a superb tool for answering true/false ques-
tions, but it does not have the capacity to address questions of right/wrong. Indeed, many of the com-
plex issues we face today lie at the intersection of nature and culture, and leaders and policy makers, as
well as scientists, acknowledge that [Western] science alone is not sufficient to address them”.
Although Western science can describe the natural world, it does not speak to “how” to live respect-
fully with nature (McGregor 2018). Indigenous Knowledge, built on respect, reciprocity, and respon-
sibility (Kimmerer 1998; Pierotti and Wildcat 2000), provides “original instructions” for caring for
and relating to the land (McGregor 2004, 2018; Cajete 2018; Cameron et al. 2021). Moving forward,
approaches that respectfully and meaningfully braid together Indigenous and Western knowledge
(e.g., Two-Eyed Seeing), and promote respectful partnerships among Indigenous and non-
Indigenous nations, will not only help restore the land and systems damaged by climate change, but
also heal our relationship with the land through reciprocity, responsibility, and reconciliation
(Kimmerer 2018; Cameron et al. 2021). Together, our collective knowledge systems, values, and ways
of knowing have the potential to transform and restore our relationships with all our relations in the
hopes of maintaining the integrity of socioecological systems for future generations.
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