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EDITOR'S NOTE:
This article is part of the special series “A Decade of Research and Monitoring in the Oil Sands Region of Alberta,

Canada.” The series documents the history of monitoring in the region and critically reviews a synthesis of monitoring results
published within key environmental theme areas to identify patterns of consistent responses or effects; significant gaps in
knowledge; and recommendations for improved monitoring, assessment, and management of the region.

Abstract
Historically, environmental research and monitoring in the Alberta oil sands region (OSR) located in northeastern Alberta,

Canada, have largely neglected, meaningful Indigenous participation. Through years of experience on the land, Indigenous
knowledge (IK) holders recognize change on the landscape, drawing on inextricable links between environmental health and
practicing traditional rights. The cumulative impacts of crude oil production are of great concern to Indigenous communities,
and monitoring initiatives in the OSR provide unique opportunities to develop Indigenous community‐based monitoring
(ICBM). A review of ICBM literature on the OSR from 2009 to 2020 was completed. Based on this review, we identify best
practices in ICBM and propose governance structures and a framework to support meaningful integration of ICBM into
regulatory environmental monitoring. Because it involves multimedia monitoring and produces data and insights that
integrate many aspects of the environment, ICBM is important for natural science research. ICBM can enhance the relevance
of environmental monitoring by examining relationships between physical and chemical stressors and culturally relevant
indicators, so improving predictions of long‐term changes in the environment. Unfortunately, many Indigenous communities
distrust researchers owing to previous experiences of exploitive use of IK. In the present paper, we recommend important
practices for the integration of IK into regional environmental monitoring programs. ICBM is important to communities
because it includes conditions to which communities can exercise traditional rights, and highlight how industrial activities
affect this ability. Equally important, ICBM can generate a resurgence of Indigenous languages and subsequently traditional
practices; it can also revive the connection with traditional lands and improve food security. Integr Environ Assess Manag
2022;18:407‐427. © 2021 The Authors. Integrated Environmental Assessment and Management published by Wiley Peri-
odicals LLC on behalf of Society of Environmental Toxicology & Chemistry (SETAC).
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INTRODUCTION
The oil sands region (OSR) located in Northern Alberta,

Canada, encompasses approximately 11 million acres
(4.3 million hectares), an area roughly the size of the US state
of Florida. The ground beneath this region is a mixture of
sand, clay, and a heavy crude oil or tarry substance known as
bitumen, collectively referred to as tar sands or oil sands.
Considerable amounts of water and land are required for oil
sands extraction. The consequences to the Athabasca River
watershed have been the focus of several decades of
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environmental monitoring by the provincial and federal
Canadian governments, as well as industry. Industrial devel-
opment creates concerns among Indigenous peoples re-
garding the safety of consuming traditional resources, such as
wild game, and the quality of water and air (Bill et al., 1996).
Marginalized communities, particularly Indigenous commun-
ities, often experience disproportionate burdens of environ-
mental pollution (Fernandez‐Llamarzares et al., 2020). The
ecological disruption and presence of environmental con-
taminants have prevented many Indigenous peoples from
practicing traditional lifestyles (Dennis et al., 2015; Hoover
et al., 2012). Research suggests that these consequences are a
result of colonization and historical exclusion of Indigenous
concerns in the development of polluting infrastructures, built
without the free, prior, and informed consent of affected
communities (Fernandez‐Llamarzares et al., 2020).
Monitoring in the OSR provides unique opportunities to

develop Indigenous community‐based monitoring (ICBM).
ICBM utilizes both Indigenous knowledge (IK) and Western
science (WS), combining the strengths of both to tackle
challenging environmental issues. Lessons can be learned
from experiences involving Indigenous people in the plan-
ning, development, and integration of ICBM into regional
monitoring programs. In the OSR and elsewhere in Canada, IK
is maintained, transmitted, and developed by Indigenous
peoples through lived experience on the land, exercising
Section 35 Rights of the Constitution Act of Canada (such as
hunting, fishing, trapping, gathering, harvesting, and cere-
monial, cultural, recreational, and domestic uses) over many
generations (Candler et al., 2010; Government of Canada,
1968–1982). Inextricable linkages between environmental
health and the practice of Section 35 Rights allow knowledge

holders to recognize changes in the environment. ICBM is
driven by Section 35 Rights. To adequately address concerns
raised by Indigenous communities, they must be involved in
all aspects of monitoring design and analysis, and reporting is
required to ensure that the monitoring program meets all
needs (Dubé et al., 2021).

Initiated by the experiences of residential school survivors,
the Truth and Reconciliation Commission of Canada (TRCC)
released 94 Calls to Action to help facilitate reconciliation
between Indigenous and non‐Indigenous peoples in Canada
(TRCC, 2015). Although this has been an important step to-
wards reconciliation, these Calls to Action largely target
governments and institutions and do not provide the tools
necessary for individuals, such as scientists, to engage
meaningfully with Indigenous peoples. Recently, involving
Indigenous people in environmental monitoring programs
has started to become more common. Understanding how
information is generated in ICBM and integrated into mon-
itoring programs is equally meaningful. Avoiding misinter-
pretation of IK requires approaches that support the context,
reason, and meaning behind the information, including the
relationship to the land and connection to place and lan-
guage. Equitably and ethically integrating and maintaining
the integrity of different knowledge systems can be chal-
lenging. Throughout this paper, we highlight 10 Calls to
Action recently described for researchers in natural science
when engaging with Indigenous peoples in environmental
monitoring (Table 1; Wong et al., 2020). These Calls to Action
represent a greater responsibility in monitoring design that
can improve the development and integration of ICBM in
regional monitoring programs and improve WS programs
that involve Indigenous peoples.
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TABLE 1 Ten calls to action directed towards natural science researchers can help to improve Indigenous community‐based monitoring
programs and Western science‐based monitoring programs that involve Indigenous people

Ten (10) Calls To Action–Directed Towards Natural Science Researchers

Call to Action 1 We call on natural scientists to understand the socio‐political landscape around their research sites.

Call to Action 2 We call on natural scientists to recognize that generating knowledge about the land is a goal shared
with Indigenous peoples and to seek meaningful relationships and possible collaboration for better
outcomes for all involved.

Call to Action 3 We call on natural scientists to enable knowledge sharing and knowledge co‐production.

Call to Action 4 We call on natural scientists studying animals to seek out advice from Elders for respectful ways of
handling animals.

Call to Action 5 We call upon natural scientists to provide meaningful opportunities for Indigenous community
members, particularly youth, to experience and participate in science.

Call to Action 6 To decolonize the landscape, we call on natural scientists to incorporate Indigenous place names as permitted.

Call to Action 7 We call upon natural scientists and their students to take a course on Indigenous history and rights.

Call to Action 8 We call on funding bodies to change approaches to funding.

Call to Action 9 We call on editors of all scientific journals to recognize that publication of research on Indigenous Knowledge
and cultural resources require review and permission from the respective Indigenous communities.

Call to Action 10 Finally, we call on all natural scientists and postsecondary research institutions to develop a new vision for
conducting natural science: fundamentally mainstreaming reconciliation in all aspects of the scientific
endeavor, from formulation to completion.
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In 2017, the governments of Alberta and Canada included
a commitment to enhance the role of ICBM in the oil sands
regional monitoring program with improved capacity building
and a memorandum of understanding (Environment and
Climate Change Canada, 2018). Working collaboratively with
the governments of Alberta and Canada, 18 Indigenous
communities (and regions) in the OSR subsequently partici-
pated in the development of an Operational Framework
Agreement (OFA). The OFA, developed to guide the gover-
nance of the joint Alberta–Canada Oil Sands Monitoring
(OSM) program, strives to improve Indigenous participation,
transparency, and inclusion of IK (Dubé et al., 2018). The OSM
program involves multimedia monitoring and producing data
on many aspects of the environment. Indigenous people view
the environment as a holistic ecosystem. As such, environ-
mental considerations of ICBM can enhance the relevance of
environmental monitoring strategies across multiple media
and produce data on many aspects of the environment. This
is important for natural scientists (scientists studying the en-
vironment) when examining stressor‐pathway and response
relationships that involve multiple environmental media and
knowledge systems. ICBM can fill relational gaps between
both physical and chemical stressors (landscape disturbance
and contaminants) and culturally relevant indicators observed
in the environment by Indigenous peoples. Important to
communities, ICBM can assess conditions to which they can
exercise Section 35 Rights and describe how industrial activ-
ities affect this ability. Research done in this way becomes a
reciprocal process and can improve relationships between
scientists and communities because everyone benefits from
the experience (Baker, 2016; McGregor, 2018).
As part of a media‐themed series of the environmental

monitoring literature in the OSR, a review of ICBM literature in
the OSR from 2009 through 2020 was completed. Based on
this review, we first discuss IK and language. Deeply rooted in
stewardship and environmental governance, language is very
important to consider in ICBM. In this context, ICBM is not
simply monitoring what remains but also helping to restore
what was lost. We then discuss governance structures and
framework to support meaningful integration of IK and ICBM
into regulatory environmental monitoring. Using a WS per-
spective, we use a conceptual model to organize ICBM liter-
ature along a pressure/stressor‐pathway‐response relationship
that involves several environmental media. As a visual guide
to highlight monitoring gaps and improve data integration,
conceptual models can help form hypotheses about cause–
effect relationships that are observed in the environment from
oil sands related activities. Finally, we identify types of ICBM
and review ICBM and WS programs that involve Indigenous
communities in the OSR region. We focus on best practices to
improve future ICBM and WS programs involving Indigenous
people in regional monitoring programs.

INDIGENOUS KNOWLEDGE, LANGUAGE,
AND ICBM
Indigenous knowledge refers to a collective understanding

of a particular environment, passed down from generation to

generation by the Indigenous peoples living in a particular
landscape for hundreds to thousands of years (Porten et al.,
2016). IK includes information on the state of the ecosystem
and how environmental dynamics change over time (Johnson
et al., 2016). Passed along to the next generation, IK is
validated by testing in practice what is found to be relevant
and consistent over time (Inuit Circumpolar Council, 2013).
IK can provide indicators that are useful to communities,
researchers, government agencies, nongovernmental organ-
izations, and other interested parties when assessing change
in particular ecosystems (Johnson et al., 2016).
Health research in parts of Canada and Australia has iden-

tified links between Indigenous languages and the health,
wellness, and personal self‐esteem of Indigenous peoples.
This is potentially a mark of cultural persistence, possibly
connected by the transmission of IK and values (Corntassel &
Hardbarger, 2019; Dockery, 2012; Ferguson & Weaselboy,
2020; Hallett et al., 2007; McIvor, 2013). Indigenous lan-
guages are the foundation to culture and identity that bonds
communities to thousands of years of history, deeply rooted in
Indigenous culture, law, and environmental governance (Ebel,
2014; Enns et al., 2018). From maintaining stewardship of land
for millennia, Indigenous peoples are driven by self‐sustaining
ambitions to utilize resources they in turn have a responsibility
to sustain (Low & Shaw, 2011; Tran et al., 2020). Environmental
stewardship reflects the history, culture, and law of Indigenous
communities and is evident in the ways they design and im-
plement their activities (Reed et al., 2020). Recently, the value
of IK and language to environmental monitoring practices has
become more recognized by Western scientists.
The use of place‐names is important to Indigenous lan-

guage and culture. Indigenous place‐names can contain ref-
erences to place‐based plants and animals and can provide
distribution, migration, and behavior patterns of species and
their local uses (Wong et al., 2020). Indigenous place‐names
can even mark locations of significance, include geographical
features, or warn you of potential danger. Place‐names can tell
stories and provide clues about the landscape, describe how
people lived and associated with that landscape, and help
to reaffirm the Indigenous language that evolved there
(Henshaw, 2006; Sousa et al., 2010; Wong et al., 2020). The
process of passing knowledge through the use of place‐names
inextricably connects Indigenous people with their environ-
ment (Wilder et al., 2016). The concept of passing knowledge
through language becomes a process that depends on op-
portunities to engage on that land over many generations
(Ferguson & Weaselboy, 2020). If changes occur on land-
scapes, place‐names and language stories associated with
those landscapes may no longer reflect the same meaning.
This can increase the difficulty of preserving knowledge in
those places. Call to Action 6 (Table 1) calls for the decolo-
nization of the landscape, supported by the recognition and
use of Indigenous place‐names (Wong et al., 2020). Language
connects the use of place‐names and the resurgence of In-
digenous cultures. Indigenous peoples of Canada are working
to restore place‐names in part to revitalize their languages
after colonial policies and legislation have attempted to
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eradicate them (Gray & Rűck, 2019). Recently, we have
seen more efforts in parts of Canada to undertake ICBM
place‐name projects to strengthen the presence of Indigenous
culture(s) and help restore language and knowledge in the
area (Gray & Rűck, 2019; Tracking Change, 2016). To improve
best practices in ICBM, efforts should include the use of
place‐names or place‐naming activities.

INDIGENOUS COMMUNITIES, OPERATIONAL
FRAMEWORK, AND KEY PRACTICES FOR
ICBM IN THE OSR

Approximately 23 000 Indigenous people from 18 First
Nations and six Métis settlements live in the oil sands
regions of Alberta (Government of Canada, 2016). Figure 1
includes a map of all 41 First Nations and Métis locals and
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FIGURE 1 Map of First Nations, Métis locals, and Métis settlements associated with Alberta's oil sands areas. The communities highlighted in yellow formed
part of the OSM program governance structure and participated in the development of the Operational Framework Agreement to guide the program
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settlements located within and surrounding the Alberta oil
sands areas relative to oil sands operations. The OFA to
guide the governance of the OSM program in the OSR was
developed with the active participation of the 18 First
Nations and Métis, which are highlighted in Figure 1 (Dubé
et al., 2018). Although the OFA began implementation in
2019, more time is required to allow the full design to come
to fruition, including authentic and truly inclusive Indigenous
participation. It remains to be seen how or if political influ-
ences will affect the program (Dubé et al., 2021).
The current framework of the OSM program involved the

formation of an ICBM Advisory Committee (ICBMAC) to help
facilitate Indigenous participation in OSM programs and ad-
vise a Science and Indigenous Knowledge Integration Com-
mittee (SIKIC). The ICBMAC can play a key role in fostering
ethical integration of IK and community‐developed, culturally
relevant indicators in OSM programs, including sociocultural
and sociopolitical components that typically fall outside WS
monitoring programs, such as accessibility of Section 35
Rights. The SIKIC, in turn, evaluates recommendations for
funding OSM programs, including ICBM and capacity‐
building programs, and provides annual recommendations to
the OSM program cochairs on funding allocation (Dubé et al.,
2018). As such, monitoring programs need to support OSM
objectives and priorities as outlined in the OFA. In addition to
any funding provided annually through OSM work plans, the
government of Canada provides additional support for
capacity‐building initiatives within Indigenous communities
(Government of Alberta, 2018).
The term capacity, defined in the context of Indigenous

program delivery, is the availability of funding and capability
of Indigenous communities to manage tasks associated
with participating in government programs and services
(Nicolas Applied Management Inc., 1996). Further, to ensure
consistency and the ability to integrate data across a regional
monitoring program, capacity can also refer to the ability to
follow specific standardized quality assurance and quality
control (QA/QC) and standard operating procedures (SOPs).
However, capacity in Indigenous program delivery can and
should also be defined as experience with ICBM method-
ologies, local knowledge, scientific skills, safety skills, tech-
nical skills, communication skills, holistic oversight, and
project management (Johnson et al., 2016). The level of ca-
pacity for Indigenous people to participate in WS activities
(Table 1, Call to Action 5) is just as important as the capacity
of researchers to participate using Indigenous methodologies
(Table 1, Call to Action 4and Call to Action 7). Best practices
of ICBM include building capacity for communities and nat-
ural science researchers.
Capacity building is a long‐term endeavor that requires

stable funding, training, and outreach to youth, Elders, and
interested community members to improve skills and com-
petencies in science and technology, and to strengthen
cultural experiences to preserve IK over generations. It also
requires a shift in WS‐driven programs to offer space for
meaningful collaboration with Indigenous communities.
Although WS‐driven programs involving Indigenous people

are not true ICBM (types are discussed later), they can still
offer a starting point to increasing capacity in communities
who may want to develop their own ICBM programs that
use both IK and WS. Best practices in ICBM will encourage
meaningful opportunities for community members, espe-
cially youth, to participate in science, as this can facilitate
capacity for ICBM over generations (Wong et al., 2020). This
is especially important as it relates to resource access and
human health implications where communities are con-
cerned about consuming traditional food and medicines
(i.e., Section 35 Rights) in the OSR (Joly & Westman, 2019).
In the context of the OFA, objectives to increase capacity
have advanced the OSM program in terms of improving
Indigenous engagement and participation, including the
perspectives and concerns of Indigenous communities in all
aspects of the program, from onset to completion (Table 1,
Call to Action 10; Wong et al., 2020).
The level of community capacity can vary from community

to community in the OSR, which can influence development
of ICBM. Some communities among the most experienced
in ICBM include the Mikisew Cree First Nation (MCFN) and
the Athabasca Chipewyan First Nation (ACFN). The MCFN
and ACFN live downstream of oil sands industries, along the
Athabasca River and into the Peace–Athabasca Delta (PAD).
As a complex and ecologically diverse freshwater delta, PAD
is very important to Indigenous communities. The MCFN,
discussed next, are well known for their involvement in en-
vironmental monitoring strategies in the OSR and have
greatly influenced ICBM and the integration of IK in regional
monitoring practices (Parks Canada, 2021; United Nations
Educational, Scientific and Cultural Organization [UNESCO],
2017). Although many other communities are also leading
ICBM, much of the ICBM literature in the OSR includes
programs involving or led by these communities.
In 2011, the Teck Resources Limited applied to the Al-

berta Energy Regulators (AER) for approval of the Frontier
Oil Sands Project. The project request included con-
struction, operation, and reclamation of an existing oil sands
surface mine located approximately 30 km south of Wood
Buffalo National Park (AER & Canadian Environmental As-
sessment Agency, 2019). In response to the proposed
Frontier project, the MCFN produced an IK and Use Report
for Teck Resources that identified 357 site‐specific use
values (i.e., cabins, burial sites, medicinal plants, critical
habits for important species such as buffalo, moose, and
caribou, hunting sites, berry‐gathering sites, and key trans-
portation roots) within the Frontier project local study area,
which is still widely used by community members (Candler
et al., 2013, 2015). Many of these sites were within the
Athabasca Delta, located in the lower southeast region of
Wood Buffalo National Park. As proposed, the Frontier
project would surely deepen existing impacts on land and
resource use of value to MCFN members and consequently
their IK and Section 35 Rights (Candler et al., 2013, 2015).
In 2014, to address potential impacts in Wood Buffalo

National Park, the MCFN petitioned the World Heritage
Committee to recognize the state of conservation and
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potential threats to the park and surrounding areas
(UNESCO, 2017). The severity of environmental concerns
detailed in the MCFN petition received enough support
from other Indigenous communities, environmental organ-
izations, and scientists to attract attention to the issue
(UNESCO, 2017). Specifically, the MCFN identified a unique
herd of bison, the Ronald Lake bison (Bison bison atha-
basca), specific to the region, as potentially the last re-
maining Wood bison unaffected by disease spread through
the introduction, many years earlier, of Plains Bison (Bison
bison bison) by authorities (Candler et al., 2015; MCFN,
2016b; Straka & Gray, 2018; UNESCO, 2017). Opportunity
to include MCFN and IK in the decision‐making process
involving bison introduction could have prevented the
spread of disease among a culturally significant species. Call
to Action 2 in Table 1 calls on natural scientists to recognize
that understanding the landscape is a shared goal and,
where possible, collaboration with Indigenous people can
provide better outcomes (Wong et al., 2020). When
knowledge is shared and developed collaboratively, man-
agement decisions are less likely to be dictated externally,
and everyone can benefit from the process (Johnson et al.,
2016; Spak, 2005; Thompson et al., 2020).
Responding to the petition in 2015, the World Heritage

Committee requested that Parks Canada (Canadian Gov-
ernment) undertake a strategic environmental assessment
(SEA) to assess the potential cumulative impacts of various
developments, including oil sands, on Wood Buffalo Nation
Park (World Heritage Site) and PAD. The completion of the
SEA was a collaborative effort between governments, re-
searchers, nongovernmental environmental organizations,
and Indigenous communities in and around the Wood
Buffalo National Park (MCFN, ACFN, Fort Chipewyan Métis
Local 125, Little Red River Cree Nation, Salt River First
Nation, Smith's Landing First Nation, K'atlodeeche First
Nation, Deninu K'ue First Nation, and Northwest Territories
Métis Nation). The SEA involved extensive information
gathering including IK and WS, intended to inform project‐
level environmental assessments and to influence the
development of an action plan to protect Wood Buffalo
National Park (Integrated Environmental Consultants, 2018).
The efforts to protect the park subsequently led to the
preparation of a Wood Buffalo National Park Action Plan
intended to influence the design of environmental mon-
itoring programs, as a collaborative approach to environ-
mental problem‐solving that includes the participation of
Indigenous peoples (Parks Canada, 2019).
In 2018, as part of Parks Canada's review for the proposed

Frontier Oil Sands Mine, the SEA was submitted to the Joint
Review Panel for consideration (Integrated Environmental
Analytics, 2018). At that time, the MCFN also presented a
letter to the Chair of Frontier Oil Sands Mine, identifying the
necessity of assessing impacts on the exercise of Aboriginal
and Treaty Rights (MCFN, 2018). In the letter, the MCFN
and ACFN recommended a biodiversity stewardship area to
permanently protect and support exercise of Treaty Rights
between local wildlife, including the Ronald Lake bison

(Bison bison athabasca; AER & Canada Environmental As-
sessment Agency, 2019). The letter draws on key principles
that extend beyond environmental impact assessments, in-
cluding perceived quality and quantity of resources, as well
as land accessibility to know and teach Indigenous law and
practices of environmental stewardship (MCFN, 2018). Call
to Action 1 in Table 1, encourages understanding and re-
specting the sociopolitical aspects of the landscape (Wong
et al., 2020). When assessing impacts on land, there is a
strong need for natural scientists to understand community
perspectives, what constitutes an impact, and how methods,
indicators, and thresholds should be community driven and/
or culturally appropriate (MCFN, 2018).

In response to the letter, Teck entered into participation
agreements with MCFN and ACFN, requiring Teck to con-
tinue to consult with Indigenous groups on all plans required
for the Frontier project. Included in the agreement, Teck was
to support the MCFN and ACFN in the development of
water‐quality monitoring programs and the installation of
ambient‐air‐quality monitoring stations to address community
concerns. Although Teck has funded water‐quality programs
for the MCFN and ACFN, discussed later, it remains to be
seen how they will achieve biodiversity objectives. This is
because the project, if approved, would likely result in the
loss of wetlands and old‐growth forests in the area (AER &
Canada Environmental Assessment Agency, 2019).

The principles raised by the MCFN for the Frontier
project, along with the 10 Calls to Action proposed by
Wong et al. (2020; Table 1), are fundamentally vital in ICBM
and can help Western scientists to meaningfully incorporate
IK in environmental monitoring. Actions undertaken by the
MCFN and ACFN to improve the involvement of Indigenous
communities in environmental monitoring have greatly in-
fluenced the development of the OSM program governance
structure. Both the MCFN and ACFN participated in the
development of the OFA and are involved in many different
ICBM programs discussed throughout this paper.

ICBM CONCEPTUAL MODEL
Conceptual models are designed to be tools for organ-

izing and communicating knowledge, and can offer space
for mutual understanding among holders of traditional,
local, and scientific knowledge (Suter, 2007). This ICBM
conceptual model for oil sands environmental monitoring
was developed through a WS lens. Indigenous communities
were consulted through their participation in the gover-
nance of the OSM program. Owing to the timing for the
development of a strategic plan for ICBM within the pro-
gram by the ICBMAC, direct authorization and input from
communities was not possible. Currently, many ICBM pro-
grams in the OSM program are in early stages of develop-
ment and have yet to produce and report monitoring data
contributing to the development of conceptual models.
However, the monitoring program's commitment to adapt
requires constant model revision as hypotheses are tested,
including input from Indigenous communities. Furthermore,
although the authors of the present paper recognize the
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inextricable link between environmental health and human
health, human health is outside the scope of this environ-
mental monitoring review. Through an Indigenous lens, this
paper would be incomplete without the incorporation of
human health and a holistic view of the ecosystem.
Overall, the scope of OSM programs is limited to im-

pacts related to oil sand, which must be linked to a con-
ceptual model and organized along a pressure/stressor‐
pathway and response continuum (Roberts et al., 2021b).
In this WS approach, the ICBM conceptual model, as well
as the terrestrial model (Roberts et al., 2021a) focuses
heavily on pathway‐response and response‐based changes
(right side of the model). In the context of ICBM, pathway‐
responses observed in the environment by Indigenous
peoples include more complex components affected by
change that relate to Section 35 Rights and cultural values
(valued components). In the OSM program, some WS
monitoring, such as air quality (Horb et al., 2021), focuses
on stressor‐pathway relationships (left side of the model).
These programs tend to focus on emissions and associated
impacts on air quality (pressure/stressor‐pathway relation-
ships). Some air programs study the impact of atmospheric
deposition particles on terrestrial ecosystems. The con-
ceptual model characterizes the inclusion of IK in these
projects as responses, focusing on the heath of receptors
(berries and vegetation) potentially exposed to deposition
particles (stressor‐pathway). Some programs, such as sur-
face water (Arciszewski et al., 2021), may align best as a
pathway but can also be viewed as a receptor when

assessing quality. Regardless, the integration of all multi-
media and knowledge systems (organized through
Figure 2) is necessary to determine what is changing in the
environment, how it is changing, and why. The separation
of indicators on the conceptual model is a visual tool to
help address gaps in current monitoring programs. Opti-
mally, monitoring programs would be designed to extend
from one side of the model to the other and explore re-
lationships and pathways between physical and chemical
pressures and stressors with various ecosystem responses,
including culturally relevant indicators and valued com-
ponents.
The OSM program is a reputable source of information to

policy with an objective to consider Canada's economic
goals and protect the health of our Indigenous communities
and environment. Hypotheses underpin the structure of the
OSM program, representing possible ways by which pres-
sures related to oil sands result in or contribute to environ-
mental change. The pressure/stressor‐pathway‐response
shown in the conceptual model can also be helpful in linking
possible connections among different contamination
sources and pathways in cumulative effect assessments
(Roberts et al., 2021b). To support our research, the ICBM
conceptual model is presented with numbers associated
with a supplemental literature table (Table S1), identifying
where ICBM research and literature have been focused and
where we can improve our efforts. The sources in Table S1
can also be found in the reference section of
this paper.
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FIGURE 2 Conceptual model developed from a Western science lens to organize Indigenous community‐based environmental monitoring literature. The
conceptual model is useful to determine where previous research has been focused and hypothesize potential relationships between environmental pressures
and stressors, pathways, and responses. The dashed lines indicate a relationship between boxes; however, these relationships are not explored in this review
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Environmental pressures in the OSR can be categorized
into two main themes: (1) landscape disturbances (asso-
ciated with pipelines, seismic lines, temporary roads, oil and
gas wells, mining operations, dewatering, and steam in-
jection); and (2) contamination (through emissions onto land
and water through the atmosphere, deposition, and
seepage). Changes to the land influence the environment
through multiple stressors and pathways, resulting in mul-
tiple idiosyncratic effects and responses, terrestrially and
aquatically, that continue to challenge mitigation efforts
(Arciszewski et al., 2021; Roberts et al., 2021a). In this con-
text, concerns for Indigenous communities in the OSR in-
clude access to land, water, and traditional territories
(pathways) and the health of the ecosystem (responses)
when influenced by various environmental stressors that
ultimately challenge meaningful exercise of Section 35
Rights (valued components). Although climate change is
listed on the conceptual model, the OSM program is not in a
position to identify or separate climate change impacts from
impacts related to oil sands. It is possible that impacts
captured within the program and identified on the con-
ceptual model are cumulatively affected and/or intensified
by climate change. However, at this point, understanding
the impacts of climate change is beyond the scope of the
OSM program and therefore beyond the scope of this
review.

TYPES OF ICBM
ICBM has traditionally been developed for purposes of

better understanding change on the landscape by In-
digenous communities and driven by the ability to exercise
Section 35 Rights. From this perspective, ICBM can provide

both the framework and the tools to monitor land‐use change
as it threatens traditional uses (Johnson et al., 2016). We can
also view ICBM as a tool to measure contaminants, because
many ICBM programs are developed from local concerns
about the impacts of contaminants on traditional food and
human health. In such circumstances, community members
can participate in the collection of samples that are then
analyzed in a laboratory. Many communities are also inter-
ested in species and biodiversity monitoring, which may not
necessarily relate to either contaminants or landscape dis-
turbance (pressures), but could also be influenced by both.
Consequently, although not exclusively connecting species
with biodiversity, many WS programs have formed from the
concept of linking species and biodiversity management to
wild food security and accessibility (Wong et al., 2020).

Monitoring programs can involve Indigenous communities
as participants or develop programs in collaborative ways.
There are several possible approaches to involving In-
digenous communities in regional monitoring, depending on
community capacity, which include participatory, collabo-
rative, or Indigenous‐led program types (see Table 2 for type
details). However, unless programs are led by communities,
they should not be considered as true ICBM, but instead as
WS programs that involve Indigenous people. In this paper,
we view true ICBM as community‐led environmental mon-
itoring programs that enable Indigenous communities to
collect, analyze, and report on changes to their lands and
waters related to the potential impacts of development. Al-
though Indigenous‐led ICBM programs are more desirable
for communities, collaborative, and/or participatory involve-
ment of Indigenous people in WS monitoring, although not
classified as ICBM, are still important to address community
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TABLE 2 Types of environmental monitoring involving Indigenous communities (adapted from Danielson et al., 2009; Johnson et al., 2016;
Kouril et al., 2016)

Types of Environmental monitoring involving Indigenous communities

Type Lead Project details

Indigenous‐led Indigenous communities Monitoring is developed, implemented, analyzed, and reported
on by one or more Indigenous communities, based on
community priorities seeking to answer community concerns.
The lead community may involve technicians or Western
scientists to support technical aspects of the project, but the
community itself is in charge of the design and
implementation of the monitoring program(s).

Collaborative Indigenous communities and Western
scientists collaborate from start to finish.
(sometimes scientists will lead)

Everyone contributes to the planning, design, implementation,
analysis, and reporting on the research, but the community
may not lead in the interpretation, validation, or reporting of
the research. Collaborative projects are in some cases
developed by community‐led initiatives and sometimes by
WS‐led concerns. Projects usually offer opportunities for both
participants to build capacity and share knowledge.

Participatory Western scientists The community supports the project, most often as volunteer
data collectors in the field. The research questions, methods,
and analyses are driven by Western science but still may
address community concerns. There may be opportunities for
communities to be trained in science‐based methods for
potential autonomous ICBM at a later date.
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concerns. Regardless of the approach used to address In-
digenous concerns, data collected and analyzed by re-
searchers must be communicated to the communities in a
timely, culturally appropriate manner. Call to Action 3 in
Table 1 highlights the importance of coproducing results to
improve understanding and management of resources by
both researchers and the communities involved in the
research (Wong et al., 2020).
Next, we review ICBM programs and characterize them as

participatory, collaborative, or Indigenous‐led. For the pur-
poses of this discussion, programs are organized by
pathway (Figure 2), focusing on best practices that can help
improve ICBM and the integration of ICBM into regional
monitoring programs. In the present paper, we separate
ICBM by pathway to best reflect the division of the pressure/
stressor‐pathway‐response relationships in the conceptual
model and to complement this special series (also organized
by pathways and/or media). In order to improve our un-
derstanding of ICBM in the OSR, this method of organ-
ization is useful to highlight regional gaps in model design
and data integration across monitoring programs. ICBM
involves the management of multiple media and can pro-
duce data on many aspects of the environment holistically.
Outside the context of this paper, ICBM programs must be
considered holistically and cannot be separated by pathway
(i.e., air, water), ignore major drivers like climate change, or
exclude aspects of human heath in environmental assess-
ment and monitoring programs.

ENVIRONMENTAL CONSIDERATIONS OF ICBM

Air quality

Emission of substances to air is a prominent pathway
linking oil sands industrial activity to the environment and
Indigenous communities in the OSR. Ambient air quality is
an important factor in the overall environmental health and
livability of a region. Air quality in the OSR is measured
relative to guidelines established by the Government of
Alberta's Ambient Air Quality Objectives regional specific
air‐quality management frameworks, national air‐quality
standards, and can also include odors reported by com-
munities in the OSR (Alberta Energy Regulator et al., 2016).
Acute air quality refers to the quality of air examined
that may be harmful when exposure durations are minutes
to hours. The conceptual model (Figure 2) hypothesizes the
relationship between emissions (stressor) released into
ambient air (pathway), which can influence air quality and
the occurrence of unpleasant odors (pathway‐response).
When communities in the region experience unpleasant
odors, it can lead to negative perceptions of ecosystem
health and influence the practice of Section 35 Rights
(valued components; Dennis et al., 2015).
In 1985, an Air Quality Task Force was established by the

Wood Buffalo Environmental Association (WBEA) in re-
sponse to concerns raised by the Fort McKay First Nation
(FMFN) related to oil sands development (Wood Buffalo
Environmental Association [WBEA], 2020). The WBEA is a

nonprofit, science‐based organization that monitors air
quality and terrestrial environmental effects in the Regional
Municipality of Wood Buffalo. In 2016, the WBEA began
working with the Alberta government to provide in-
dependent ambient air monitoring for the OSM program.
The WBEA is an important part of the OSM program (Baker,
2020; WBEA, 2020) that now operates collaboratively with
FMFM, Fort McKay Métis Local, Fort McMurray Métis Local,
health agencies, and oil sands industries.
The WBEA monitors the air 24 h a day and 365 days a year

under two main air‐monitoring networks. The first, the At-
mospheric Pollutant Active Monitoring Network, is a con-
tinuous ambient‐air‐monitoring network providing data for
the public, industries, and local Indigenous communities. As
part of the OSM program, the network has as an objective to
understand impacts specific to oil sands emissions com-
pared with other anthropogenic sources (WBEA, 2020). The
air‐quality programs operating under the Atmospheric Pol-
lutant Active Monitoring Network have been designed by
the governments of Alberta and Canada, as well as the
WBEA, and do not represent true examples of ICBM pro-
grams. However, the Acute Odour Monitoring and Emer-
gency Response and the Community Odour Monitoring
Program (COMP), discussed next, offer opportunities to
address community concerns regarding odors and air
quality. The second network, discussed later, is the In-
tegrated Atmospheric Pollutant Deposition Monitoring
Network, which focuses on dry deposition and specific at-
mospheric pollutants that could endanger the environment
(WBEA, 2019b).

Acute Odour Monitoring and Emergency Response
(participatory)

The community of Fort McKay, located 58 km north of
Fort McMurray, is surrounded by eight open‐pit and three in
situ oil sands projects and is exposed to cumulative air
emissions (AER, 2017). Odors are a prominent issue and
have created air‐quality concerns for Indigenous commun-
ities in the OSR, some of whom experience odors as often as
one day in every three (Dennis et al., 2015; WBEA, 2015a;
Westman & Joly, 2019). Odors similar to rotten eggs, cat
urine, body odor, sulfur, asphalt, tar, oil, and smoke are
often accompanied by headaches, sore eyes, and throat and
nose irritations (Dennis et al., 2015). Given the high level of
concern, the communities in Fort McKay requested that AER
prioritize emergency response procedures to address
threatening air‐quality concerns, to protect the health and
safety of the community when concentration levels are high
(AER & Alberta Health, 2016). The Acute Odour Monitoring
and Emergency Response Program launched in 2016, is a
comprehensive and inclusive monitoring program in the
community of Fort McKay, led by the Alberta government
and funded by industry as part of the OSM program. The
objective is to provide local communities, industries, and
regulators with air‐quality data specific to the complaints of
odors, which can be used to trigger emergency response
actions (WBEA, 2020).
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Of primary concern to the community of Fort McKay are
short‐term elevated acute sulfur dioxide (SO₂) events, which
can result in dangerous short‐term air quality, odors, and
haze within the community. The AER received 172 air‐quality
complaints from Fort McKay community members between
January 2010 and December of 2014. Owing to complaints,
aligning emergency response air‐quality exceedances and
odor complaints became a priority to the AER (AER &
Alberta Health, 2016). To address concerns, in July 2017,
the Waskow Ocho Pimatiswin emergency response acute
air‐quality station was installed and operationalized in the
community of Fort McKay. At this station, ambient‐air data
are collected every 5 min and compared with early warning
emergency response thresholds for hydrogen sulfide (H₂S)
and SO₂ to trigger emergency response actions in Fort
McKay if exceedances occur (Dubé et al., 2016; WBEA,
2020). Creating a response protocol to odor complaints will
help to improve transparency in identifying the source of the
odors. If exceedances do occur, local provincial authorities
are notified automatically (WBEA, 2020). However, com-
munities in the region continue to be on a constant state of
alert for potential air contamination events.

Community Odour Monitoring Program (participatory)

The Community Odour Monitoring Program (COMP) was
launched in February 2013, with the objective of under-
standing the relationships between odors experienced in
the communities and oil sands development (Dann, 2013;
WBEA, 2020). To ensure that monitoring done in the region
is relevant to the concerns of community members, COMP
involves community members in Fort McMurray and Fort
McKay, as well as in surrounding areas. Community mem-
bers participating in the COMP identify and monitor per-
ceived odors in the community (WBEA, 2014, 2015a, 2016).
To track results, the program offered training for volunteers
to log odor complaints onto user‐friendly mobile and/or
computer applications (Table 1, Call to Action 5). For each
observation, participants report the date, beginning and
end of the observation, spatial location, wind conditions,
intensity, and type of odor they were experiencing (WBEA,
2014, 2015a, 2016). The data from the COMP are quality
assured and quality controlled in a web‐based admin-
istrative panel. From there, the data are compared with data
collected from WBEA's ambient‐air‐quality monitoring sta-
tions as part of the Atmospheric Pollutant Active Monitoring
Network (WBEA, 2020).
In the first year of the program, more than 150 odor days

(days with seven or more air odor complaints) were re-
ported, growing to more than 270 the following year,
peaking both years in summer (WBEA, 2014, 2015a). The
most common odors reported were asphalt/tar, fuel/solvent,
or burned/smoke (WBEA, 2014, 2015a). It is also important
to note that odors cannot be attributed to a single source
and increased odor reports generated over summer may be
attributed to forest fires that had occurred during that time
(Horb et al., 2021). Recent reports have identified total re-
duced sulfur (TRS) and total hydrocarbons (THC) to be most

associated with odor (WBEA, 2019b, 2020). SO₂ concen-
trations are usually not as odorous; however, air analyses
reveal that concentrations of SO₂ may indicate an industrial
source (Adamache & Spink, 2012; WBEA, 2019b). In 2017–
2018, four occurrences in Fort McMurray coincided with
elevated SO₂ levels, which suggested odors could be as-
sociated with industrial plumes carrying odor‐causing com-
pounds (WBEA, 2019b).

Although not classified as ICBM, opportunities to partic-
ipate inWS projects such as COMP can provide opportunities
for Indigenous communities to participate in monitoring ac-
tivities and address concerns related to air quality. These
experiences can build capacity within the community to de-
velop Indigenous‐led programs involving air quality and
odors. Increasing community involvement in regional air‐
quality programs over time can increase the amount of air‐
quality data in the OSR and in remote locations that may only
be easily accessed by Indigenous community members who
live there. Ensuring the credibility of multiple datasets will
take careful attention and training in WS practices where
applicable (i.e., SOPs, QA/QCs). WS programs involving In-
digenous peoples can also be integrated with other ICBM
programs in the OSM program. Improving our understanding
of stressor/pressure‐pathway‐response relationships in the
OSR will involve linking air‐quality data (pressure and stres-
sors) with responses in the environment, such as the impact of
contaminant deposition on food quality and the perception
of food safety. For example, the Indigenous‐led Berry Har-
vesting project, part of WBEA's Integrated Atmospheric
Pollutant Deposition Monitoring Network, discussed next,
focuses on dry deposition and specific atmospheric pollu-
tants that could endanger the environment and culturally
significant resources (WBEA, 2020).

Atmospheric deposition

WBEA's Integrated Atmospheric Pollutant Deposition
Monitoring Network is designed to detect and quantify at-
mospheric pollutant deposition to the terrestrial environ-
ment, which includes impacts on traditional land and
resources (WBEA, 2021). As shown on the conceptual model
(Figure 2), emissions from oil sands industrial processes
(stressors) are transported via the atmosphere and may
occur as dry (e.g., dust) or wet (e.g., precipitation) deposi-
tion (pathways) on terrestrial and/or aquatic ecosystems
(response). Deposited substances may be intercepted by
vegetation such as culturally significant and/or medicinal
plants and berries. These concerns have resulted in mon-
itoring programs led by Indigenous communities to address
this issue. In 2012, WBEA partnered with FMFN to develop
the Berry Harvesting project, discussed next (WBEA, 2015b).

Berry Harvesting (community‐led)

Indigenous communities living in the OSR have their own
culturally relevant way of observing the effects (response) of
emissions on the land because they have long‐standing IK
that allows knowledge holders to recognize change (Foster
et al., 2019). In 2010, Elders of the FMFN began noting
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changes in the quality and quantity of berries in traditional
patches and approached the WBEA with their concerns
(Baker, 2016, 2020; Foster et al., 2019). The Berry Har-
vesting project was consequently formed to explore con-
tamination concerns (Oil Sands Monitoring Program, 2019).
Berry‐harvesting sites were selected at varying distances
from oil sands development, which included sites located
close to open‐pit mines and one site located much further
away. Elders provided IK about culturally significant blue-
berries and cranberries, including the state of the berry and
berry flower, color, taste, abundance, and patch location
(Baker, 2016; Parlee et al., 2012; WBEA, 2015b, 2019a,
2019b). Many IK holders expressed that they would not eat
berries harvested from patches located closer to industries
and would only eat berries from the site located farthest a
way (Baker, 2016; WBEA, 2015b). This was determined
using IK about the quality and quantity of the berries,
comparing current observations with observations collected
over generations.
Elders also requested that WBEA evaluate the concerns

using the tools and approaches of WS. WBEA researchers
examined contaminant and nutrient loads of berries that
Elders harvested from each site. Additionally, ambient‐air‐
monitoring stations were installed at each berry patch to
record air quality and meteorological conditions (WBEA,
2019a, 2019b). Berries at each patch were analyzed for
metals likely delivered via atmospheric deposition, including
aluminum, iron, lead, vanadium, and chromium. Additional
compounds associated with potential health benefits, in-
cluding phenolics, anthocyanins, chlorogenic acid, and
proanthocyanins, were also measured. In addition, at each
berry patch, ambient‐air‐quality stations monitored SO₂, ni-
trogen dioxide (NO₂), and volatile organic compounds
(VOCs), which can be emitted by both industrial and natural
sources in the OSR. Chemical analysis suggested the con-
centration of phenolics, chlorogenic acid, and proantho-
cyanins were highest in berries collected farthest away,
relative to all other locations. Analysis of trace elements
from the surface of berries and air‐quality data revealed that
berries further away from oil sands operations had lower
monthly average levels of aluminum, iron, lead, vanadium,
chromium, and SO₂, NO₂, and VOCs concentrations com-
pared with sites closest to oil sand operations. It is important
to note the association between health‐promoting elements
and contaminant loads on berries and proximity to oil sands
development. From a WS perspective, the concentrations of
the measured parameters on the berries collected were not
associated with levels expected to affect the overall health
of blueberry or cranberry plants (WBEA, 2015b). However,
proximity to oil sands activities can be associated with
hesitancy of Indigenous peoples to consume berries.
Although many ICBM projects funded under the OSM

program are in their infancy, the Berry Harvesting project
has been ongoing for nearly 10 years and has only recently
become a part of the OSM program. Representing best
practices, the project offers a way of conducting collabo-
ratively designed research to improve relationships between

researchers and Indigenous communities from onset to
completion (Table 1, Call to Action 10). Community mem-
bers have the opportunity to review drafts of annual reports
and decide on changes and approaches to monitoring,
based on their own environmental observations, IK, and
community needs (Baker, 2020). The project continues to
evolve and has recently expanded to include four additional
Indigenous communities in the Athabasca region (Fort
McKay Métis, Fort McMurray First Nation, Fort McMurray
Métis, and Conklin Métis). Communities are keen to con-
tinue building and growing their individual programs
(WBEA, 2020). In years to come, we will be able to learn
from the Berry Harvesting project and the FMFN in the
design of ICBM nested within regional environmental
monitoring programs. Using the conceptual model
(Figure 2), the stressor‐response relationship between berry
quality (i.e., traditional food quality) and atmospheric dep-
osition, may help increase understanding of the state of the
environment in the OSR and further our knowledge of at-
mospheric deposition patterns, impacts, and spatial prox-
imity. With more data from ICBM over time and space, the
OSM program will be better able to understand these re-
lationships.

Water quality

Changes in the quality of water are a concern of com-
munities in the OSR. Concerns over water quality are most
significant for communities living downstream of open‐pit
mines and outside mining areas (Westman & Joly, 2019).
Using the conceptual model (Figure 2), relationships po-
tentially linking oil sands development and Indigenous
community concerns over water quality include: (1) industrial
water use, influencing water withdrawal and river flow
(stressors); (2) land disturbance, influencing habitat quality
and availability (stressor); and (3) contaminants (pressure)
through industrial emissions (stressor) to the atmosphere
(including snow melts containing emission particles) that
may deposit as dust or precipitation into water bodies
though deposition and/or dispersed by water transport and/
or occur through industrial leaks and tailings ponds (path-
ways). Understanding the link between culturally identified
indicators (such as smell and taste) and water chemistry can
help connect responses observed in the environment in a
stressor‐pathway‐response relationship (one side of the
conceptual model to the other). When able, determining the
cause of a response may mitigate changes. Developing
capacity within communities to measure water quality can
empower community members to increase security in re-
source consumption, including opportunities for knowledge
sharing and transmission of IK to younger generations.
Within the OSM program, there are both WS‐led and
Indigenous‐led programs to monitor water quality, dis-
cussed next. Although Indigenous‐led programs are optimal
for communities, both programs involve addressing con-
cerns about the impacts on water quality in the OSR that are
important to Indigenous communities.
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Wabasca Lake Monitoring Project (participatory)

The Wabasca Lake Monitoring Project was conducted
in 2016 and 2017 by the Environmental Monitoring and
Science Division of Alberta Environment and Parks, with
participation from Bigstone Cree Nation, and is part of the
province's ongoing Indigenous Lake Monitoring Program.
The Indigenous Lake Monitoring Program is integrated with
the WS‐led Provincial Lake Monitoring Program designed to
collect baseline lake quality data across Alberta (Govern-
ment of Alberta, 2019a, 2019b). As a pilot project, the
Wabasca Lake Monitoring Project was one of the first OSM
participatory lake monitoring programs undertaken in re-
sponse to Indigenous community concerns about the quality
of lakes of local importance and impacts on resources
(Government of Alberta, 2019a, 2019b). Specifically, the
Wabasca Lake Monitoring Project was initiated to meet
Bigstone Cree First Nation's concerns about water quality
and the health of walleye (Sander vitreus; a culturally sig-
nificant fish) in Wabasca Lake. Community members were
worried about safety of fish consumption owing to abnor-
malities observed in the fish, which included visible tumor‐
like abrasions on fish skin. The goals of the project were to
address gaps in water‐quality knowledge and information
about North Wabasca Lake and to provide monitoring
training in scientific sampling methodology to Bigstone
Cree Nation (Zurawell et al., 2019).
The project provided opportunities for community mem-

bers to learn to collect samples and water‐quality in-
formation. During the project, participants went out on boats
with researchers to collect water samples (chemical, physical,
and biological measures) during summer (June–September)
and winter (February). Ten members from Bigstone Cree
Nation participated in safety and sample collection work-
shops. Overall, the work revealed no metal contamination
derived from human activity in the watershed. In addition,
skin tumors on recently caught walleye that concerned
community members were determined to be caused by a
natural virus known as Lymphocystis, commonly found in
Alberta's lakes. The virus is not usually fatal to fish and is not
known to affect humans and other mammals (Zurawell et al.,
2019). Although the project is not a true ICBM program, it
allowed Bigstone Cree Nation to understand more about the
health of fish that were of concern. The OSM program aims
to continue the inclusion of Indigenous communities in
monitoring lakes of local concern to address scientific
knowledge gaps (Government of Alberta, 2019a, 2019b).
Increasing local capacity to monitoring water quality where
there are concerns can lead to improving security in local
resources and improve the OSM's regional monitoring pro-
gram by increasing the amount of data collected over time
and space. However, to improve the effectiveness of the re-
gional program, steps can be taken to include IK indicators of
concern (appearance, taste of fish, and water) into WS‐based
monitoring programs. It remains to be seen how the OSM
program will develop and include culturally significant in-
dicators in the Provincial Lake Monitoring Program.

MCFN and ACFN water quality ICBM programs
(community‐led)

Considerable research and water‐quality monitoring has
been done to assess impacts of contaminants on lakes,
rivers, sediment, and snowpack in the Alberta OSR. Of
particular concern are polycyclic aromatic carbons (PACs).
PACs represent a broad range of chemicals, including pol-
ycyclic aromatic hydrocarbons (PAHs). PAHs are organic
hydrophobic compounds released from many sources in the
Lower Athabasca River system, some naturally from oil sands
deposits and others from extraction and upgrading facilities,
forest fires, urban runoff, and industrial activities. Con-
sequently, PAHs can be taken up by plants, accumulate in
sediments, and can be found in tissues of terrestrial and
aquatic organisms (Golzadeh et al., 2021; MCFN, 2015b,
2016a). Indigenous communities living around industrial
facilities are concerned about exposure to PAHs through the
consumption of traditional foods and water (Golzadeh et al.,
2021). Concerns about water quality raised by the MCFN
and the ACFN including potential impacts of PAHs are ad-
dressed by ongoing ICBM programs led by the MCFN
and ACFN.

Among the first communities to lead water‐quality ICBM
programs in the OSR, the MCFN began monitoring water in
PAD in 2008. The PAD is one of the largest (3900 km2) and
ecologically complex freshwater deltas in the world, filled
with rivers, lakes, channels, marshes, and grasslands (Peace‐
Athabasca‐Delta Environmental Monitoring Program, 2020)
and is very significant to Indigenous communities in the
region for water navigation and resources. ICBM developed
by the ACFN and MCFN initially provided information about
safe navigation in river channels, discussed later. However,
in 2014, Teck Resources Limited, in an agreement with
MCFN and ACFN, provided funding for the ICBM program
to include monitoring of PAH levels in the Athabasca River,
its tributaries, and the PAD (MCFN, 2016a). Designed to be
operating only 30 km south of Wood Buffalo National Park,
the Frontier project, if developed, might affect the park and
the PAD's ecosystem through aerial deposition of particles
containing contaminants such as PAHs (AER & Canadian
Environmental Assessment Agency, 2019).

The objective of the ICBM program is to assess PAH
signatures in water samples to determine if an oil sands
influence could be detected downstream of industrial ac-
tivities in the vicinity of Fort Chipewyan. Water samples
collected by the community members nearest oil sands
facilities contained concentrations of petroleum‐derived
PAHs that were up to three times higher than background
samples. This was recorded by the community as far as 50
km away from the center of development (MCFN, 2015a).
Water‐quality sampling under the ICBM program suggest
that, although sites at the mouth of the Athabasca River are
more likely influenced by petroleum‐derived PAHs, refer-
ence sites are more likely influenced by forest fire activity
and/or residential wood burning (MCFN, 2015a). Com-
munities in the Fort Chipewyan area continue to observe
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floating patches of yellow‐brownish foam, rusty colored and
foul‐smelling water, and scum left in pots after boiling.
Some community members report they no longer drink the
water from lakes or rivers as a result of these observed
changes (Longley, 2015; MCFN, 2015b, 2016a).
Growing concerns about water quality can limit accessi-

bility to exercise Section 35 Rights. Although the Canadian
Council of Minister of the Environment (CCME) established
guidelines to identify national water‐quality criteria for
drinking water, communities may not agree with these
thresholds (CCME, 2011). Currently, WS‐based surface‐
water‐quality monitoring programs in the OSM program
operate on benchmarks associated with CCME guidelines,
in addition to 38 indicators under the surface‐water‐quality
management framework for the Lower Athabasca Regional
Plan (Arciszewski et al., 2021; Government of
Alberta, 2017). However, it is possible that differences in
understanding the quality of water and safety of resources
can be supported by ICBM programs that use multiple,
evidence‐based approaches to braid knowledge systems.
Using the conceptual model (Figure 2), when assessing
water quality, we can compare water chemistry with IK (i.e.,
pot scum, taste, smell) to examine possible relationships
between the cause of observed changes along the
pressure/stressor‐pathway response model. Although the
OSM program may not be at capacity to integrate IK in-
dicators into WS‐based water‐quality assessments, ICBM
programs in the years to come can be designed to develop
and integrate IK indicators in multiple evidence‐based
approaches.
Overall, as a community‐led ICBM program, community

members can be empowered to answer specific questions
that are meaningful and important to them. Increasing ca-
pacity within communities to develop ICBM to monitor the
quality of water can also provide security and access to
traditional resources. ICBM can also improve transparency
of data results and potentially contribute to OSM's regional
surface‐water‐quality data repositories, including sampling
in remote locations that may not be easily accessed by non‐
community members. Currently, the MCFN place their
water‐quality data on the Makenzie Data Stream (2021)
database, which is openly accessible. The OSM Surface
Water program currently uses KISTERS (2021) to house OSM
data; however, it may not be recognized by communities or
support community needs to store sensitive information. In
the past, issues involving the collection, storage, accessi-
bility, and usage of ICBM data, especially if the data con-
tains sensitive information such as sacred IK, have been an
issue for communities participating in regional programs
(Dowdeswell et al., 2010). As part of OSM program work
plans in 2019–2020, it remains to be seen how the ACFN
and MCFN contribute WS‐based water‐quality data or how
the OSM program will integrate ICBM and IK into the re-
gional program. Regardless, utilizing data systems that are
easily accessible for all users can offer new opportunities for
data integration over time and space with greater involve-
ment for communities to control, store, share, and protect

information when participating in or developing regional
environmental monitoring programs (Kanu et al., 2016).

Fish and clam health monitoring

Using the conceptual model (Figure 2), pressure from
emissions and industrial water use may influence water
quality and quantity, and may directly and/or indirectly af-
fect fish and other aquatic organisms through water trans-
port, deposition and habitat disturbance (pathways). ICBM
programs in the OSR have focused on ecosystems re-
sponses (pathway‐response) such as abnormalities in fish
health (i.e., physical appearance, abundance, and behavior).
Common physical abnormalities of poor fish health
observed by community members include “skinny fish”
(length‐weight ratio), deformities (tumors, deformed skulls,
skeletons, and fins, pushed in faces, crooked tails, and
bulging eyes), the quality of flesh (color, fat around the or-
gans, taste, smell, and parasites), and fish texture (MCFN,
2015a, 2016a, 2016b; Parlee et al., 2012; Timoney & Lee,
2009). However, reasons for abnormalities in fish are not
clear (Arciszewski et al., 2021) and can influence local per-
ceptions of fish health (response) and access to Section 35
Rights (valued components). Understanding why community
members are observing changes in fish, based on their
historical experiences, will require braiding IK and WS to link
changes in fish with contaminant data or other stressors
(parasites, temperature change, etc.). The OSM program
supports fish monitoring programs, discussed next, devel-
oped either by or in collaboration with Indigenous com-
munities in the OSR. Programs are designed to build
capacity and enhance the relevance of environmental
monitoring strategies by examining relationships between
physical and chemical stressors and culturally relevant
indicators.

Whitefish Camp (Indigenous‐led, collaborative)

In 2018, the MCFN and ACFN expanded water‐quality
monitoring activities to include monitoring of whitefish.
Funded by the OSM program and Tracking Change (2016),
MCFN and ACFN Elders, youth, and researchers attended
Whitefish Camp. The camp was held at Lake Clair, located
approximately 200 km north of Fort McMurray on traditional
territory in Wood Buffalo National Park. During the camp,
Elders shared IK and ways of life with youth (Tracking
Change, 2016). Researchers were provided the opportunity
to learn more about the concerns of the community and how
they monitor the health of whitefish. The program was a
success and, in 2019, the MCFN and the ACFN invited
Smith's Landing First Nation to attend a Chip Fish Camp to
spread the knowledge of fish sampling techniques and en-
courage knowledge‐sharing activities among knowledge
holders. Table 1, Call to Action 4, calls on researchers
studying wildlife to seek advice from Elders for respectful
ways of handling that wildlife, including specific methods
and protocols that communities may use to demonstrate
their stewardship for the land that researchers should also
follow (Whyte et al., 2016). These examples have been seen

Integr Environ Assess Manag 2022:407–427 © 2021 The AuthorsDOI: 10.1002/ieam.4485

INDIGENOUS COMMUNITY‐BASED MONITORING—Integr Environ Assess Manag 18, 2022 419



in collaborative fish harvesting, where fish are jointly pre-
pared by both researchers and community members in ac-
cordance with local customs and values (Wong et al., 2020).
Samples of whitefish were collected in Lake Claire and an-
alyzed in a laboratory to measure levels of PAHs, total
mercury, and isotopes. Data collected will build on existing
data collected by MCFN and ACFN. At the Fort Chip Fish
Camp, participants engaged in traditional methods of
drying the healthy fish, and knowledge holders connected
to share stories, knowledge, and experiences with each
other (Jones, 2019).
Lack of clarity regarding changes in whitefish abundance

or quality can influence a community's ability to practice
Section 35 Rights. Do the changes observed in whitefish
mean they are not safe to eat? Answering this question re-
quires an improved understanding of contaminant and other
stressor‐pathways in relation to the health of whitefish,
potentially affected by development activities. A multiple
evidence‐based approach, in which IK (i.e., changes ob-
served in whitefish by community members) is braided with
WS (i.e., contaminant data), can help improve under-
standing of whitefish health and provide communities the
ability to monitor culturally significant resources. Braiding IK
and WS regarding the health of fish can address the OSM
program's objective to document change and potentially
begin to link change to specific development activities, such
as oil sands. Using the conceptual model (Figure 2), changes
captured in fish (IK, physical or chemical responses) can be
linked with pathways of exposure, such as water quality and
quantity, which can then be linked to potential sources
(pressures and stressors). Where change is hard to capture
or is potentially influenced by multiple pressures and stres-
sors and pathways, incorporating IK where there is greater
variation in WS can strengthen hypotheses for con-
tamination pathways of aquatic species. Although the OSM
program may not be at capacity to integrate IK indicators
into regional fish health assessments, ICBM in the years to
come can be designed to develop integration strategies for
IK indicators (such as fish texture, color, taste) in multiple
evidence‐based monitoring approaches that are either WS‐
based or Indigenous led.

Freshwater Clam project (Indigenous‐led)

Indigenous communities in the northeastern oil sands
region, in particular the Fort McMurray Métis, are concerned
about the disappearance of freshwater clams in the
Athabasca River. IK holders in the region reported that
freshwater clams have declined and, in some areas of the
Lower Athabasca, have completely disappeared over the
past 20–40 years. The Fort McMurray Métis rely on and are
intimately connected to these waterways for navigational
purposes and for traditional resources, which for gen-
erations has included harvesting freshwater clams (Hopkins
et al., 2019). In response to these concerns, in 2017, the Fort
McMurray Métis and the governments of Canada and
Alberta initiated the Freshwater Clams Project to under-
stand why the freshwater clams were disappearing. The

Freshwater Clam Project is a collaborative ICBM program
led by the Fort McMurray Métis grounded in Métis IK and
methodology, which guides the program in a culturally
meaningful way (Government of Alberta, 2017).

In 2018, after the program's first year, the project ex-
panded to include a larger sampling area to improve density
and distribution of freshwater clam populations and increase
sample sizes of clams, water, and sand sediments along the
Athabasca and Clearwater rivers (Government of Alberta,
2018). The Fort McMurray Métis directed site selection in
the Clearwater and Athabasca rivers to collect data and
identify impacts from industrial activities, including oil sands
industries and agricultural influences. Data recorded at each
site included the time, dates, and weather conditions of past
and present land uses, as well as descriptions of changes to
freshwater clams, vegetation, water, and riverbed charac-
teristics. To build on IK, the project also used WS to explore
potential factors that could influence freshwater clam health,
which included chemical analyses in clam tissue, sediment,
and water samples analyzed by accredited laboratories.
During field exercises, videos were taken and livestreams
were shared with Fort McMurray Métis in real time (Hopkins
et al., 2019).

The Clam Project demonstrates many of the Calls to Ac-
tion shown in Table 1, and is a good example of how to
braid IK and WS. The project successfully facilitates
partnerships and creates safe spaces to address questions
about freshwater clam health in culturally relevant ways.
Throughout the project participants engaged with the land,
using local river navigation, harvesting protocols, and cer-
emonial practices (Hopkins et al., 2019). Hopkins et al.
(2019) highlights the importance of knowledge translation
through community workshops, presentations, laypersons
reports, government reports, and scientific reports, as well
as opportunities for Elder–youth knowledge exchange. The
use of IK to determine clam health is identified through
culturally relevant indicators to shape what is measured,
where, and when. Braiding knowledge systems in this ICBM
program was effective in building trust and mutual respect
among participants, while they learned from each other how
to answer important research questions.

Water quantity

Research suggests that discharge into the Athabasca
River has declined over the past 50 years (ACFN, 2019;
Candler et al., 2010, 2015; Carver & MacLean, 2016; Lawe
et al., 2005; MCFN, 2016b; Parlee et al., 2012; Straka &
Gray, 2018; Westman & Joly, 2019). Flow of the river can be
influenced by many factors including the flow rate of the
Peace River as it merges with the Athabasca River, water
withdrawals related to oil sands, and the development of
the W.A.C. Bennett Dam, located at the mouth of the Peace
River in Hope, British Columbia (Candler et al., 2010; Carver
& MacLean, 2016; Timoney & Lee, 2009). Using the con-
ceptual model (Figure 2), various environmental stressors
(industrial water use, land disturbance, climate change) can
create insufficiencies in water quantity (pathway) causing
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changes to levels and/or flow rates of rivers and tributaries
(responses) throughout the PAD. These changes can ulti-
mately influence access to traditional territories and limit the
practice of Section 35 Rights (valued components). Change
in flow and depth of water in the PAD can also influence the
survivability of semi‐aquatic wildlife, such as culturally sig-
nificant
muskrats (Ondatra zibethicus; MCFN, 2016b; Straka & Gray,
2018). Although changes in water quantity are not the only
cause for concern (i.e., changes to landscapes and ecosys-
tems, loss of habitat, species abundance), it has been a
primary focus of ICBM led by the MCFN and ACFN,
discussed next.

Aboriginal base flow (community‐led)

To address declining water levels in the PAD limiting ac-
cess to traditional territories, in 2011, the ACFN and MCFN
initiated an ICBM program to track impacts on the PAD.
Driven by community concerns regarding access loss, re-
search questions shaped the design of the study around
land accessibility in a culturally meaningful way. The ob-
jective of the monitoring program is to quantify the extent of
traditional territory access loss over time and space (Carver
& MacLean, 2016; Tracking Change, 2016). Understanding
how access points correlate with discharge of the Athabasca
River and the level of water in the PAD may lead to under-
standing more about thresholds for traditional use (Carver &
MacLean, 2016). Drawing on IK, the ACFN and MCFN de-
fined thresholds (aboriginal base flow and aboriginal ex-
treme flow) required for navigability in the PAD (Candler
et al., 2015). The aboriginal base flow is defined as the level
of flow required below which widespread disruption of tra-
ditional use can likely occur. Aboriginal extreme flow is
defined as the discharge flow required by the Athabasca
River above which levels are unlikely to cause impediment
to the ability of ACFN and MCFN members to practice
their rights and access harvesting areas (Carver &
MacLean, 2016).
Through the ICBM program, Guardians monitor 12 sites

along the Athabasca River and in the PAD (Tracking
Change, 2016). As part of the ICBM program, monitoring
sites highlight key pinch points, selected based on im-
portant observations from community members collected
over the past 20 years. In this context, pinch points repre-
sent water passageways essential to accessing territory that
are the first to become impassable as water levels decline.
While monitoring the sites, Guardians record the GPS po-
sition of pinch points, collect photos of the sites, record
general weather conditions, air temperature, barometric
pressure, wind direction and speed, water depth, water flow
direction, and water temperature. After five years of data
collection, regardless of variabilities in depths of pinch
points, strength of correlations (varying by location), and
extent of river dynamics, the water depth at each site per-
sistently converges when the flow of the river drops below
approximately 500–600 m3/s. This means that if the flow of
the Athabasca River decreases below 500–600m3/s the low

flow may lead to widespread loss of the ability to navigate
waterways to access traditional territories. The concern is
that the effects of oil sands withdrawals from the Athabasca
River during critical use periods (typically during low water
seasons) can disproportionately influence navigability than if
the river had higher discharge volumes (Carver & MacLean,
2016). To address these concerns, communities are asking
for limitations to water withdrawals in the Athabasca, es-
pecially during low times and critical use periods, to improve
security in traditional navigational pathways.
In their letter to the chair of Frontier Oils Sands Mine

Frontier, referred to at the beginning of this paper, the
MCFN identify that meaningful practices in ICBM involve
recognizing the necessity of assessing impacts on the ex-
ercise of Aboriginal and Treaty Rights, including how ap-
proved activities affect this ability (MCFN, 2018). This ICBM
program assessing water quantity is designed around these
practices and represents a good example of true ICBM.
Although it has yet to be seen how the data collected in this
project will be integrated into the regional OSM program,
the Aboriginal Base Flow and Aboriginal Extreme Flow can
provide new opportunities for establishing guidelines for
water withdrawal and dam regulators in ways that are
meaningful to communities.
The MCFN and ACFN now collect data using a custom

app and database system that is designed to secure and
store data and which is compatible with other land‐use
planning and regulatory management software (Indigenous
Guardians Toolkit, 2021). As a source for navigation in the
PAD, community members have access to the app to track
and observe hazardous areas that may not be safe or navi-
gable. Although this improves navigation safety, it may not
lead to the provision of access. Overall, although water
withdrawals related to oil sands and dam regulation can add
stress to the PAD, especially during times of low water,
water quantity decline has been a result of cumulative
pressures over decades (Arciszewski et al., 2021). More time
and information is required to improve our understanding of
the impacts related to oil sands relative to cumulative effects
over time and space. As the OSM program works to develop
a cumulative effects program, work undertaken by the
MCFN and ACFN will be important to include.

Terrestrial and semi‐terrestrial wildlife and vegetation
(multiple pathways)

Using the conceptual model (Figure 2), environmental
pressures on the landscape can be categorized into two
main themes: (1) landscape disturbances (pressures), asso-
ciated with various stressors such as habitat loss and frag-
mentation (including seismic lines, roads, construction, and
operations, etc.), noise, water withdrawal (dewatering), and
regulation; and (2) contamination (pressures), associated
with emissions (stressors) onto land and water through air,
atmosphere deposition, industrial leaks, and seepage
(pathways). Influenced by multiple stressors and pathways,
changes to landscapes result in multiple idiosyncratic
responses in terrestrial and semi‐terrestrial wildlife that
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continue to challenge mitigation efforts (Roberts et al.,
2021a). Some terrestrial monitoring programs in the OSM
program that involve the participation of Indigenous com-
munities were developed from concerns about the
impacts of contaminants on traditional food and human
health, discussed next. Some communities have expressed
interest in monitoring species abundance and biodiversity,
which can be associated with contaminants, landscape
disturbance, or a combination of both, discussed later.
Regardless of the pathways or responses being captured in
these programs, the objectives are driven by environmental
stressors that ultimately challenge meaningful exercise of
Section 35 Rights (valued components).

Wildlife Contaminants and Toxicology program
(participatory)

The Wildlife Contaminants and Toxicology program was
initiated by scientists from the Environment and Climate
Change Canada's Ecotoxicology and Wildlife Health Divi-
sion, with additional funding from the OSM program. In
collaboration with the MCFN and ACFN, the objective of
the program was to study the impact of pollutants on
wildlife health in Fort Chipewyan and surrounding areas.
Designed to address the possibilities of multiple con-
taminant pathways, the Wildlife Contaminants and Tox-
icology program hosted workshops to discuss with
community members what the animals were eating, what
they were drinking, and where they were living. During
workshops, members of MCFN and ACFN shared IK with
scientists and youth about the wildlife in the area, such as
which animal species should be monitored, where the
monitoring should occur, and when. This information was
vital to the success of the project and could not have been
possible without the IK of community members who par-
ticipated (Government of Canada, 2019).
As part of the program, community members collected

wildlife (including muskrat, river otter, and waterfowl) from
traditional territories and traplines. Tissue samples were
sent for lab analyses to assess contaminant burdens. Semi‐
aquatic species were chosen because they are closely re-
lated to water and are good indicators of ecosystem
health. With a diet consisting predominately of fish, semi‐
aquatic wildlife may be exposed to contaminants in the
water and might accumulate toxins in muscle and organ
tissues, especially the liver. The selection of semi‐aquatic
species was made by scientists; however, which species,
where, and when was guided by community members. The
lab analyses of collected samples from participants in-
dicated that wildlife collected closer to Fort McMurray
industrial activities had higher levels of contaminants than
wildlife collected farther away (Government of Canada,
2019). However, from a WS perspective, these levels are
still safe for consumption. It is unknown how much com-
munity members trust these analyses; however, collabo-
rative programs that build lasting relationships between
Indigenous peoples and research scientists can improve

trust in environmental monitoring data and management
strategies in years to come.

Using the conceptual model (Figure 2), understanding the
impact of contaminants (pressure) on wildlife requires the
knowledge and participation of communities to address
concerns related to food security (valued components) in
the OSR. Overall, the Wildlife Contaminants and Toxicology
program utilized the expertise of the MCFN and ACFN to
guide the what, when, and where of monitoring design. The
program also offered space for community members to
share knowledge, build capacity, and learn about con-
tamination, sampling, and dissection. Through these col-
laborative efforts, communities participating in this program
are able to develop their own ICBM programs to assess
impacts of contaminants on wildlife using both WS and IK
(Government of Canada, 2019).

Wetland Ecosystem Monitoring program (participatory)

The Athabasca and Peace oil sands regions of Alberta
contain culturally significant wetlands valued for the quality
and quantity of traditional plants. Culturally valued wetlands
represent nearly half of pre‐disturbed landscapes in the
Athabasca region (Garibaldi & Straker, 2009). UNESCO
(2017) identified some regions of Wood Buffalo National
Park as having unique and biologically diverse plant and
wetland plant communities, which support some of the last
remaining breeding grounds of the endangered whooping
crane (Grus americana) and Wood Bison (Bison bison atha-
basca). The cultural importance of wetland plants can in-
clude many things such as food resources, medicinal
products, and support for spiritual values. However, the IK
acquired to discover these uses is a result of accessible,
abundant, and biologically diverse wetland ecosystems over
generations (O'Flaherty & Davidson‐Hunt, 2008). Using the
conceptual model (Figure 2), some pathways to which
pressures and stressors are known to affect wetlands
include atmospheric deposition, water regulation, water
withdrawals, and landscape disturbance. As a complex
ecosystem, wetlands require collaboration across all
monitoring theme areas (air, water, land) and knowledge
systems to accurately assess wetland ecosystem health. A
good example of this is the Wetland Ecosystem Monitoring
program.

The Wetland Ecosystem Monitoring program is new to
the OSM program. Launched in 2018, it was designed to
detect and report change related to oil sands industries in
wetland ecosystems. The program assesses three major
pathways and observable effects in wetlands including: (1)
atmospheric deposition (pathway) and the development of
indicators to detect deposition from oil sands emissions
(responses), (2) effects of hydrological alteration (pathway)
and the development of indicators to detect alteration
patterns (responses), and (3) impacts of land disturbance
(stressor) and the development of indicators to detect
changes on wetlands (responses). Each area involves the
possibility for integration with other OSM programs fo-
cusing specifically on those theme areas. The primary goal
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of this program is to develop a long‐term wetland mon-
itoring program that includes and applies IK related to
wetlands and ecosystem change. As part of this goal,
the program is integrated with the Culturally Important
Wetlands Plants program. The objective of the Culturally
Important Wetlands Plants program is to provide space and
resources for communities in the OSR to share IK and
develop ICBM programs that are culturally meaningful
(Government of Alberta, 2019a, 2019b).
After the Culturally Important Wetlands Plants program

moves past the pilot phases, monitoring health and
abundance of indicator (culturally significant) species in
wetlands can improve understanding of impacts associated
with contaminants, landscape disturbance, or a combina-
tion of both on wetland ecosystems, which ultimately
challenge the meaningful exercise of Section 35 Rights
(Government of Alberta, 2019a, 2019b). Integration of
stressor‐pathway focused programs (atmospheric deposi-
tion or hydrological alteration) with associated indicators
species (responses) is essential to understanding the im-
pacts of contamination and land disturbance on wetlands
ecosystems. Together, relationships can be linked across
the conceptual model (Figure 2). Synthesizing wetlands
literature details the high level of integration of multiple
programs and data. Owing to the infancy of the Wetland
Ecosystem Monitoring programs, no reports are publicly
accessible. All information in this section was obtained
from OSM program work plans available online from the
program website (http://environmentalmonitoring.alberta.
ca). It remains to be seen how the OSM program will move
these objectives forwards; however, the development of
the programs is a good indication the OSM program is
heading towards an integrated strategy that combines the
strengths of IK and WS to tackle challenging environmental
issues.

DISCUSSION
Changes observed in the air, water, or land (including

wildlife and vegetation) can alter behavior of Indigenous
peoples because of concerns over the access and safety of
traditional resources from these environments. This could
prevent some community members from exercising their
Section 35 Rights and passing IK on to the next generations.
To participate, collaborate, or develop ICBM programs, In-
digenous participants must be able to practice Section 35
Rights, experientially associated with the acquisition of IK.
Therefore, true representations of ICBM are Indigenous‐led
and deeply rooted in IK and language, cultural values, law,
and practices of environmental stewardship associated with
the meaningful exercise of Section 35 Rights. In this context,
ICBM is not simply monitoring what remains, but also re-
storing IK through the resurgence of accessible traditional
and cultural practices. When assessing impacts on land,
there is an equal need for natural scientists to understand
community perspectives, methods, indicators, and thresh-
olds and for communities to understand WS methods of
data collection and analysis. This report highlights key

principles to meaningfully guide collaboration between re-
searchers and community members, including the 10 Calls
to Action developed by Wong et al. (2020) and referenced
throughout this paper.
In reviewing best practices and principles of existing

ICBM and WS programs involving Indigenous peoples in the
OSR, focusing on the period 2009–2020, we discuss the
importance of ICBM and WS‐based programs involving In-
digenous communities in the OSR. Although the idea of
integrating IK and WS to tackle challenging environmental
problems is not new, the paper provides a unique way of
organizing the integration of IK and WS using a conceptual
model and a governance structure to support these col-
laborative efforts. It is not the intention of the present paper
to adapt IK or WS to any model or monitoring program, but
to discuss the integrative ability of both to better under-
stand pressure/stressor‐pathways and response relation-
ships of environmental impacts in the OSR. Contextualizing
each program into the conceptual model is useful for large
monitoring programs, like the OSM program, to integrate
large amounts of data assessing different aspects of the
environment over time and space. Using a conceptual
model can enable regional monitoring programs to con-
stantly evaluate research objectives and identify gaps in a
collaborative way. As with the OSM program, the con-
ceptual model is meant to be adaptable and inclusive of all
knowledge systems and can be interpreted in many ways.
Regardless of interpretation, the conceptual model is not
complete without the application of both IK and WS.
Direct input from communities would have been valuable

for this paper; however, other priorities prevented partic-
ipation beyond internal governance structure. Communities
may have their own ways of presenting relationships in the
conceptual model; however, the presentation of relation-
ships in this paper still offers the opportunity to examine the
possibilities of data integration (WS and IK) to answer
complex environmental questions. It is important to note
that communities participating in the OSM program focus
on reports generated for community use rather than tradi-
tional WS outputs. Although this is important for commun-
ities, it has limited the availability of reports and peer‐
reviewed publications from ICBM initiatives for this review.
As a result, a significant amount of the literature included in
the review is gray literature or reports collected from com-
munities, organizations, and government websites. As pro-
grams mature, more ICBM reports can be made available to
the public and for OSM program use.
Currently, many ICBM and WS science programs involving

Indigenous peoples in the OSM are still in their infancy. Best
practices of ICBM were largely represented in ICBM pro-
grams led by MCFN and ACFN, most which were initiated
before the formation of the OSM program. As leaders in
ICBM, the MCFN and ACFN play a large role in the OSM
program. ICBM initiatives by the ACFN and MCFN,
although holistic in practice, focus predominantly on the
impacts of contaminants on air and water. Currently, there is
less documentation of land (including wetlands) and
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terrestrial wildlife monitoring. However, this does not char-
acterize land and wildlife as less significant, but suggests
that ICBM approaches currently support regional mon-
itoring efforts where data are more easily captured in
regional‐scale models, such as air and water quality. Data
repositories and data mapping tools sensitive to the col-
lection of various IK (i.e., vegetation, wildlife health, and
abundance) are gaps in the OSM program that require at-
tention. Valuable integration opportunities for ICBM exist in
the OSM program, specifically with respect to aligning or
validating geospatial products with community‐based ob-
servations of near‐real‐time environmental change.
Overall, from a regional perspective, communities can

benefit from working with other Indigenous communities
and scientists to share knowledge and data when partic-
ipating in monitoring programs. Increasing the scope (area)
of data collection can help address issues of incorporating
local data into regional‐scale models. Using this strategy,
communities can discuss what they want to know (research
questions), what will be monitored (when and where), and
how strategies integrating IK and WS can improve envi-
ronmental monitoring over a large area. Regional‐scale data
can improve the power of ICBM data in regional monitoring
programs, advancing the ability to detect the likelihood of
environmental impacts over time and space. In all capaci-
ties, the involvement of Indigenous peoples in the OSM
program has moved the program closer to achieving this
goal. Opportunities exist to increase data collection over
time and space and, potentially, in areas not easily acces-
sible by non‐Indigenous peoples. This can increase the
potential for regional monitoring programs to address
community concerns and also fill relational gaps visually
guided through the use of conceptual models. When de-
veloped appropriately, ICBM programs can enhance the
effectiveness and relevancy of environmental monitoring
linking physical and chemical stressors (land disturbance
and contamination) with culturally significant indicators
(pathway‐responses and valued components) and address
community concerns.
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