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Incorporating place-based values into ecological restoration
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ABSTRACT. Knowledge of how ecocultural landscapes co-evolved, how they were shaped and maintained by local people, and what
processes disturbed the landscape should inform the planning, execution, and significance of restoration projects. Indigenous
stewardship has resulted in legacies of diverse and productive ecocultural environments. Often, this stewardship has been guided by
place-based values, which are informed by Indigenous knowledge, beliefs of equal respect for all ecosystem components, and conduct
that sustains resource productivity. We propose that cultivating place-based values in restoration initiatives will provide reciprocal
benefits by conserving biodiversity and promoting human connections to land. Drawing on lessons from Indigenous knowledge systems
in what is now called British Columbia, Canada, we demonstrate how place-based values directed the stewardship of historical oakmeadow and clam gardens, which created diverse and productive ecosystems that sustained for millennia. Drawing on examples of
contemporary restoration projects (crabapple orchards and clam gardens) that utilize place-based values to inform the recovery of
ecocultural landscapes, we propose a framework to help initiate a place-based values approach in contemporary restoration design
congruent with ethics of inclusion.
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INTRODUCTION
Land and seascapes of cultivated and domesticated species have
been tended to and utilized by people for centuries, resulting in
the co-evolution of unique ecological and cultural (ecocultural)
ecosystems (Pfeiffer and Voeks 2008). However, many Indigenous
practices that have created, modified, and/or sustained
ecocultural systems for millennia have been disrupted by
colonialism (Senos et al. 2006, Heckenberger et al. 2007,
Trauernicht et al. 2015, Armstrong et al. 2021), and the intrinsic
value of biodiversity that is crucial to the cultural fabric of many
societies is threatened (Ghilarov 2000, Kelbessa 2013). Placebased communities that depend on the biodiversity, productivity,
and integrity of their immediate environment are directly and
adversely affected by contemporary environmental degradation
(Liu et al. 2007, Pfeiffer and Voeks 2008) and in colonial contexts,
this disproportionally affects Indigenous peoples. Furthermore,
ecosystems have become distressed in the absence of cultural
practices and management that once sustained them (Senos et al.
2006, Hoffman et al. 2019, 2021).
Indigenous oral histories and multiple Western research
disciplines (e.g., archaeology, anthropology, ecology, ethnobiology)
have demonstrated how historical Indigenous stewardship has
contributed to patterns of productivity and biodiversity at the
landscape level (Trant et al. 2016, Schuster et al. 2019, Cox et al.
2020, Armstrong et al. 2021, Hoffman et al. 2021). For example,
in South America landscape burning, crop diversification, and
the creation of terra preta anthropogenic soils has shaped
Amazonian biodiversity (Heckenberger et al. 2007, Pivello 2011,
Levis et al. 2017). In Australia, Aboriginal peoples increased plant
production and biodiversity through seed dispersal, soil turnover,
burning, and hunting (Bowman 1998, Zeanah et al. 2017, Bird
and Nimmo 2018). In the absence of Aboriginal practices both
plant and mammal species richness has decreased in the
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Australian outback (Bowman 1998). In these and many cases,
Indigenous stewardship has contributed to complex and resilient
ecosystems that sustained human beings for millennia.
Indigenous groups have considerably different cultures; however,
many of them share a notable commonality: place-based value
systems. Values are defined as being potential determinants of
preferences and attitudes (Lyver et al. 2016), which guide the
practices and customs of a social group (Berkes and Turner 2006).
Place-based values are reflective of a peoples’ intimate connection
to their local environment (Berkes and Turner 2006, United
Nations Permanent Forum on Indigenous Issues 2006). These
values are formed from a deep knowledge of local ecological
processes developed through generations of learning by
observation and by trial and error experimentation (Artelle et al.
2018). Place-based values that guide interactions with the
environment can emerge from any community with a long-term
relationship to place. However, in this paper, we have chosen to
focus on place-based values as they are enacted in examples of
Indigenous land and seascape management. Indigenous
management can provide us with unique examples of how to
create and sustain biodiverse, productive landscapes and
seascapes that have co-evolved alongside people for very longtime scales (millennia).
Ecological restoration is another means of shaping, protecting,
and conserving biodiversity. The practice of restoration is a
process, aimed at supporting the recovery of an ecosystem that
has been degraded, damaged, or destroyed (Gann et al. 2019)
often by industrialized cultures (Senos et al. 2006). Ecological
restoration intends to shift degraded environments into a recovery
trajectory, supporting the redevelopment and persistence of a
native species assemblage, while still enabling adaptation to local
and global changes (Gann et al. 2019). Often, the primary intent
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of restoration efforts is to regain ecological integrity and
resilience, and little acknowledgement of the human landscape is
used to drive goals or targets (Hallett et al. 2013).
The inclusion of place-based values has been called for in
environmental management, stewardship, and conservation
(Augustine and Dearden 2014, Artelle et al. 2018). In this paper
we build off work by Augustine and Dearden (2014) and Artelle
et al. (2018) by calling for the inclusion of place-based values into
the practice of ecological restoration. In many instances, placebased relationships have been driving factors in increasing
ecosystem productivity and biodiversity across local and regional
levels (Trant et al. 2016, Bird and Nimmo 2018, Cox et al. 2019).
We propose that to encourage culturally and ecologically relevant,
community-engaged restoration projects, place-based values
should be incorporated into restoration practice. We define placebased values-led restoration as efforts that convey clear, consistent
objectives that are informed by inter-generational local
knowledge, express aspects of respect to all ecosystem
components, and aim to sustain ecosystem biodiversity and
productivity. Place-based values led restoration is distinct from
terms such as “ecocultural restoration” and “socioecological
restoration” in that place-based values-led restoration projects
are geographically, temporally, and culturally specific to place.
Indigenous led restoration is often place-based; however, placebased values-led restoration does not have to be Indigenous led.
British Columbia (BC), Canada is exceptional for its ecocultural
diversity. BC contains diverse ecosystems that support some of
the last intact wildlife communities found in North America
(Shackelford et al. 2017). BC comprises Indigenous territories
inhabited by Indigenous Nations with inherent rights and title to
access and harvest land and resources (BC Treaty Commission
2020). Despite the genocidal attempts of colonialism to assimilate
Indigenous peoples and lands, and to extinguish Indigenous
rights and title, Indigenous peoples, their laws, cultures,
landscapes, and management practices have endured. Indigenous
peoples have been present in BC since time immemorial (at least
14,000 years; McLaren et al. 2015, 2018) and the potential for
land and sea management practices extends back thousands of
years. Accordingly, this stewardship has contributed to the unique
biodiversity of the province (Turner 2007).
In this paper we, (1) explore how place-based values established
specific Indigenous practices that influenced productivity and
biodiversity in BC (our research draws on historical examples,
although we respect that this stewardship is still practiced by
Indigenous peoples today), and (2) discuss how cultivating placebased values in restoration initiatives can contribute to creating
and sustaining diverse and productive ecocultural landscapes that
provide reciprocal benefits to humans and non-humans alike. We
draw on examples from the literature and from our own
experiences. S.B.W. (settler) is a graduate student working with
and for the Wuikinuxv Nation on terrestrial ecology and
restoration; S.A. (Hul’q’umi’num’) is a graduate student, policy
advisor, and clam garden restoration practitioner; A.F. (settler)
is the Wuikinuxv Stewardship Director; D.L.M. (Cree/settler) is
an ethnoecologist, archaeologist, and faculty member; N.S.
(settler) is a restoration ecologist and faculty member; J.W.
(Wuikinuxv) is an Indigenous scientist and Wuikinuxv Council
member; A.J.T. (settler) is a historical ecologist and faculty
member.

Place-based values
A literature review and discussions between co-authors
highlighted four important features of place-based value systems:
1. Belief systems: Place-based values are grounded within a
belief system that promotes respect (Turner and Mathews
2020). Many Indigenous belief systems ascribe to various
versions of relational worldviews, which assume all
ecosystems components are related, interconnected, and
that the survival and success of each is dependent on the
survival, success, and reciprocity of others (Henderson 2000,
Salmón 2000, Kimmerer 2014). Crucial to this belief is that
humans are neither above nor below others in the circle of
life and all life is equally sacred (Henderson 2000, Wilson
2008, Atleo 2011, Tuck and McKenzie 2015).
2. Knowledge: Place-based value systems are informed by
dynamic, inter-generational, or long-term knowledge of
place, such as Indigenous knowledge (IK) or local ecological
knowledge (LEK). IK is grounded in spiritual worldviews
and cultural values and has emerged from centuries of
survival strategies and cultural systems that have sustained
Indigenous communities (Simpson 2004, Smith 2012);
different systems and bodies of knowledge are held by
different Indigenous groups (Kawerak Inc. 2017, https://
kawerak.org/wp-content/uploads/2018/04/Kawerak-Knowledgeand-Subsistence-Related-Terms.pdf). IK includes traditional
ecological knowledge (TEK; Kawerak Inc. 2017), which
relates to Western concepts of ecology and the environment;
however, not all definitions of TEK recognize the effects of
Indigenous worldviews/values/beliefs on cumulative
knowledge systems (Dudgeon and Berkes 2003, Simpson
2004). LEK encompasses long-term knowledge of place,
including ecosystem processes and how humans have
affected these processes. However, LEK does not have to be
inter-generational and can be informed by a different
worldview and set of responsibilities than IK (e.g., one that
is not relational; Gann et al. 2019).
3. Conduct: Place-based values guide principles, protocols,
objectives, practices, and rituals that safeguard against
exceeding ecological limits now and into the future (Turner
and Berkes 2006, Artelle et al. 2018). This includes the
observations, experimentations, and persistent practices
that inform Indigenous knowledge.
4. Attachment to place: Place-based values are grounded in a
connection to a specific land and/or seascape.
Over time, the connections and feedbacks between these, other
features of place-based values, and the surrounding environment,
shape place-based value systems, place-based peoples, and their
environments, resulting in the co-evolution of an ecocultural
landscape.
Place-based values support biodiverse, productive ecosystems
Evidence from multiple forms of knowledge suggests that
complex, integrated environmental management systems
developed historically by Indigenous peoples contributed to
patterns of biodiversity and productivity seen across BC, many
of which persist today (e.g., Hoffman et al. 2017, Cox et al. 2019,
Fisher et al. 2019, Armstrong et al. 2021). Indigenous
management systems are the conscious and skillful application
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of any combination of methods that sustains or enhances the
availability, abundance, diversity, and/or quality of a resource or
resource habitat over generations (Turner 2014). Indigenous
management systems are value-led (Artelle et al. 2018) and in this
way, many Indigenous management systems are consistent with
the concept of stewardship (Lertzman 2009, Whyte et al. 2016).
Stewardship is primarily concerned with the conservation and
sustainability of the resource at hand because of values that imply
an obligation to that resource (Lertzman 2009). While
acknowledging that not all Indigenous management is necessarily
in line with stewardship (nor does it need to be) in this paper and
in the examples we focus on, we will use the terms interchangeably.
Ecocultural land and seascapes created by Indigenous
management in BC include (but are not limited to): stone fish trap
communities, eelgrass harvesting meadows, seaweed harvesting
rocks, estuarine root gardens, crabapple and hazelnut orchards,
berry gardens, forest gardens and wapato gardens (White 2003,
Turner and Turner 2008, Cullis-Suzuki et al. 2015, Hoffmann et
al. 2016, Lepofsky et al. 2017, Mathews and Turner 2017,
Armstrong et al. 2021). Place-based values directed the
stewardship that sustained these complex and resilient ecosystems
for millennia. In this section we describe two additional
ecocultural environments: Coast Salish oak-meadow gardens
(hereafter referred to as oak-meadow gardens and also known as
Garry oak habitats, ecosystems, etc.) and clam gardens in an effort
to demonstrate how the features of place-based value systems
(beliefs, knowledge, conduct, and attachment to place) contribute
to shaping the biodiversity and productivity of these
environments.
We provide historical examples not to romanticize the past (both
anthropogenic burning and clam gardening are still practiced
today), but to demonstrate some of the ecological consequences
of non-Western, long-term landscape management, values, and
worldviews. Both oak-meadow and clam garden ecosystems are
found across large geographical regions and we discuss their
stewardship in generalized terms. However, it should be
recognized that the practices and beliefs associated with the
stewardship of oak-meadow and clam gardens were far more
culturally, spatially, and temporally diverse than we have
described in this article.
Anthropogenic landscape burning in oak-meadow gardens
For millennia across southwestern Vancouver Island and adjacent
lands, Coast Salish peoples have consistently and expertly
employed anthropogenic burning, which has become integral to
creating oak-meadow gardens (Fig. 1A; Pellatt and Gedalof 2014,
Lake and Christianson 2019). A principal motivation for this has
been to create habitat that supports the productivity of the
nutritionally and economically important root, blue camas
(Camassia quamash and Camassia leichtlinii; Turner 1999,
Beckwith 2004, Storm and Shebitz 2006). Unlike large and
destructive wildfires these controlled, low-intensity fires served
additional often simultaneous purposes, including increasing the
productivity of other culturally important plants such as berries,
clearing travel routes, creating fire breaks near habitation sites,
accelerating nutrient cycling, and promoting early successional
vegetation that attracts more game (Boyd 1999, Turner 2014, Lake
and Christianson 2019, Hoffman et al. 2021).

Fig. 1. Examples of ecosystems associated with Indigenous
management: (A) Cowichan Garry Oak Preserve in WSÁNEĆ
territory, South Vancouver Island, British Columbia (BC;
photo courtesy Kelly Fretwell), (B) clam gardens in WSÁNEĆ
territory, Gulf Islands National Park Reserve, BC (photo
courtesy Iain Robert Reid), (C) crabapple orchard in
Wuikinuxv territories, Central Coast, BC.

Coast Salish fire management has been based on leadership and
inter-generational knowledge transfer (Turner 1999). Using fire
effectively requires significant local knowledge and expertise,
including a fine-tuned understanding of different environmental
and climatic indicators specific to a place. Short-term factors
informed burns, such as prevailing wind direction, and soil
moisture (Turner 1999). Decadal and longer term factors that
Coast Salish fire managers considered are planning burning
frequency with the intention of reducing fuel loads to lower fire
intensity, considering the desired patterns of habitat succession
across a landscape, creating productive ecological edges, and
deliberating on plant community health due to long-term weather
patterns (Turner 1999, 2014). Landscape burning was a sacred
ceremonial practice and an art form, informed and guided by
cultural protocols and Indigenous laws and were only to be
overseen by experts who had life-long training on the subject
(Turner 2014).
In many cases, burning experts were community or house leaders,
who would direct community members on the proper timing and
extent of burns (Turner 2014). In other cases, the responsibility
of burning was carried out by designated stewards. Protocols
endowed a responsibility to keep sites properly tended through
the use of fire. For example, camas meadows and oak habitats
were often burned every year or two. Without fire, these open
landscapes would have transitioned to closed canopy forests that
yield a relatively low amount of food species (Turner 2014). It was
recognized that fire was an important factor in maintaining and
sustaining habitats that yielded food security. Whether it be by
house leaders or designated stewards, fire management was deeply
respected and conducted at the optimal times and under
appropriate conditions in order to ensure food resources were
consistently available (Turner et al. 2013).
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Mature oak trees sustain little damage when exposed to low
intensity fire at moderate intervals (3–5 years; Hamman et al.
2011, Long et al. 2016). At the ground level, fire consumed moss,
leaf litter, dry grasses, shrubs, as well as young trees and seedlings
of non-fire adapted species (such as many conifer species;
Hamman et al. 2011). In Coast Salish territories, this created
suitable seedbed for fire-adapted species and stimulated the
germination of grasses and forbs (Gedalof and Franks 2019). Fire
enabled the development of alternative system states by creating
an open canopy and enabling grass and forb growth that would
not be seen in a closed-canopy forest (Pellatt and Gedalof 2014).
Diversity can be increased through the creation of environmental
heterogeneity—patches of habitat at multiple ecosystem states
spread throughout the landscape (Smith and Wishnie 2000, Balée
2006, Ponisio et al. 2016). A diversity of successional stages can
attract species that utilize the landscape in different ways and
enables the co-existence of many species in a given area (Fuchs
2001, Bird et al. 2016, Bliege Bird et al. 2018). Ultimately, low
intensity burning at moderate intervals created open Coast Salish
oak-meadow garden complexes: highly diverse, forb-dominated
communities with a sparse overstory of oak and Douglas-fir
(Pseudotsuga menziesii; Pellatt and Gedalof 2014, Pellatt et al.
2015). At local scales this created one of the most biodiverse
terrestrial communities in Canada (Fuchs 2001) and increased
habitat heterogeneity at the landscape level.
Clam gardens
Clams (Phylum Mollusca Class Bivalvia) are a food resource for
many coastal Indigenous peoples across BC, important
throughout the year and vital in the winter. In the past, clams
were eaten raw, steam cooked, or preserved by smoke-drying
(Deur et al. 2015, Lepofsky et al. 2015, Hul’q’umi’num’ - Gulf
Islands National Park Reserve Committee 2016, Salter 2018).
Clam gardens are a system of mariculture constructed by building
rock walls or terraces near the lowest intertidal zone of a shoreline
(Fig. 1B; Groesbeck et al. 2014, Lepofsky et al. 2015, Smith et al.
2019). These human constructed intertidal rock-walls trap
sediment and reduce the slope of beaches, creating both a soft
sediment terrace and novel rocky reef habitat that increase the
habitat, productivity, and standing stock of native clams
(Saxidomus gigantea, Leukoma staminea, Clinocardium nuttallii,
Tresus spp., Macoma spp.; Hul’q’umi’num’ Treaty Group 2011,
Groesbeck et al. 2014, Jackley et al. 2016). Historical coastal
peoples from northern Washington up to Southeast Alaska left
an extensive record of clam gardens throughout their territories
(Smith et al. 2019).
Building, maintaining, tending, and harvesting clam gardens
requires a wealth of knowledge, which would have been learned
over time through observation and experimentation at a specific
place (Deur et al. 2015, Hul’q’umi’num’ - Gulf Islands National
Park Reserve Committee 2016, Olsen and WSÁNEĆ Leadership
Council 2019). To maximize productivity, clam gardens must be
positioned at a specific tidal height and the substrate must be
aerated and of optimal grain size (Groesbeck et al. 2014, Jackley
et al. 2016). The practice of harvesting larger clams and leaving
juveniles behind allowed for a proliferation in both size and
numbers (Deur et al. 2015, Hul’q’umi’num’ - Gulf Islands
National Park Reserve Committee 2016).

Conduct around clam garden maintenance and harvesting was
tightly controlled to ensure the continuance of this food resource.
In Kwakwaka’wakw territories clam gardens were traditionally
owned by specific families and harvests were governed by the
heads of these families (Deur et al. 2015, Jackley et al. 2016).
Rules such as, (1) restricting access to specific harvesting locations,
(2) limits on the duration of harvest, and (3) intentional harvest
closures to allow for population recovery, were imposed to ensure
that clam resources were not overexploited (Deur et al. 2015,
Jackley et al. 2016). These guiding principles also displayed an
intimate knowledge of clam garden responses to anthropogenic
and environmental effects (Deur et al. 2015).
Inherent to beliefs of respect for all life forms, many Indigenous
peoples recognize that animals have familial communities (Atleo
2011). For many Indigenous groups throughout coastal BC, clams
are regarded as being relatives in a different form, having families
and societies in a similar fashion to humans (Deur et al. 2015).
Clam families and societies have abilities and needs, and if clam
harvesters were able to ensure that clams had their needs met, it
was believed that the clams had the ability to support the needs
of humans by presenting themselves abundantly for harvest (Deur
et al. 2015). These beliefs guided practices that fostered respect
and reciprocity for clams as well as increasing clam biomass and
encouraging sustainable harvests.
Clam gardens enhanced clam productivity and also diversified
coastal community assemblages (Deur et al. 2015, Cox et al. 2019,
2020). Ecological and archaeological investigations demonstrate
higher growth rates, survivorship, densities, and biomass of clams
in walled gardens (despite harvesting pressures) as opposed to
non-walled beaches of similar tidal height, slope, and substrate
(Groesbeck et al. 2014, Jackley et al. 2016, Toniello et al. 2019).
Additionally, the in-and-epi faunal communities of clam gardens
are distinct from similar mud and sand flat habitats (Cox et al.
2019). These patterns of productivity and diversity persist in
community assemblages even though the clam gardens that were
studied had not been actively stewarded for over 150 years (Cox
et al. 2019, Toniello et al. 2019). Further, the rock wall structures
trap sediment and create habitat for a variety of other marine
species such as seaweeds, sea cucumbers, crabs, and small fish
(Lepofsky and Caldwell 2013, Hul’q’umi’num’ - Gulf Islands
National Park Reserve Committee 2016, Olsen and WSÁNEĆ
Leadership Council 2019). In turn, the abundance of clams and
their associated faunal communities supported higher trophic
level consumers such as seabirds, river otter, raccoon, and mink,
thus increasing local diversity (Deur et al. 2015).
Examples of place-base values in restoration efforts
Across BC, values-led restoration approaches exist in both
Indigenous and non-Indigenous communities. We have defined
place-based values-led restoration as efforts that convey clear,
consistent objectives that are informed by inter-generational local
knowledge, express aspects of respect to all ecosystem
components, and aim to sustain ecosystem biodiversity and
productivity. The practices that stem from place-based values-led
restoration should recognize the role humans have played in
ecosystem stewardship and serve to further connect people to
place. When possible, these restoration efforts should incorporate
long-term management and engagement plans. Below, we
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describe two case studies of
restoration:

contemporary Indigenous

Wuikinuxv lhènx̌ (crabapple) project
Wuikinuxv territories are located in a remote region on the central
coast of BC (Fig. 2). The Wuikinuxv village of Katit is the fulltime home of ~60 people and a further ~250 Wuikinuxv Nation
members are based elsewhere (British Columbia Assembly of
First Nations [date unknown]), and return throughout the year
for seasonal hunting and fishing. In the past crabapple (Malus
fusca) was an important source of food for humans, bears, and
other animals throughout Wuikinuxv territories (J. W., personal
observation).
Fig. 2. Map of coastal British Columbia showing the
approximate location of the Lhènx̌ (crabapple) orchards in
Wuikinuxv territories and the clam gardens in the Gulf Islands
National Park Reserve located in Coast Salish territories. Map
courtesy of the Hakai Institute.

Pacific crabapple is an iconic plant for coastal First Nations; it is
named in over 31 languages (Turner 2014) and was an important
component of historical diets (Turner and Turner 2008). The
fruits of crabapple trees (lhènx̌ in ’Wuìk̓ala) were a culturally
important food, served and gifted at feasts throughout Wuikinuxv
territories (Compton 1993). They could be eaten fresh, dried, or
stored in oil or water (Compton 1993). Crabapple trees were used
for multiple purposes: the hardwood was used for tools such as
spoons and digging sticks, the bark was chewed for hunger
suppression, and licorice ferns (Polypodium glycyrrhiza) and
lichens (Usnea and Alectoria) were collected from crabapple
branches and used as medicines and materials (Compton 1993).
Wuikinuxv elders have recollections of tree management by
fertilizing, pruning, and transplanting lhènx̌ trees into groves or
orchards (Fig. 1C). However, genocidal colonial policies
disrupted traditional Wuikinuxv land management practices and

lhènx̌ trees have not been stewarded in over 80 years, which may
be the reason they no longer fruit. A lack of lhènx̌ has resulted in
decreased food resources for wildlife in the territories. Over this
same time period, a variety of factors, mostly importantly
commercial overfishing, have decimated local salmon stocks
(Gresh et al. 2000). Salmon and lhènx̌ fruit are two important
food sources for bears (Adams et al. 2017) and their decline has
contributed to bears scavenging in the village, increasing
potentially dangerous human-bear interactions. Western
methods of bear control often resulted in bears being killed by
Conservation Officers, which upset Wuikinuxv Nation members
(J.W., personal observation).
Beginning in early 2020 the Wuikinuxv Stewardship Department
initiated a lhènx̌ re-management project in collaboration with
some of the authors of this paper. The intent of this project was
to increase productivity of lhènx̌ by restoring historically
managed trees and cultivating volunteer trees. The project goals
were to provide bears with more food in the form of lhènx̌ at sites
throughout Wuikinuxv territory (and in doing so, entice them out
of the village), and to reconnect people in the community
(especially youth) with harvesting and managing lhènx̌ trees
through participation in restoration and monitoring. In order to
achieve these goals, the following objectives have been set: (1)
survey existing orchard and volunteer sites throughout
Wuikinuxv territories, (2) increase crabapple production using
management methods remembered by elders, e.g., pruning and
fertilizing, (3) monitor the survival/production of re-managed
trees, (4) monitor the bear consumption of crabapples at
restoration sites, and (5) engage and encourage community
participation through restoration and harvesting events.
Evidence of place-based values directing the Wuikinuxv lhènx̌
project are identifiable within the goals and objectives of the
project. IK has been used to inform survey and restoration sites.
Elders have provided inter-generational knowledge to determine
which restoration treatments are to be applied to trees. Increasing
lhènx̌ production for bear consumption shows respect to animal
life forms and monitoring tree survival and lhènx̌ production
displays respect for plant life forms. Monitoring also
demonstrates conduct that is committed to the sustainability and
productivity of lhènx̌ in the long term. Encouraging community
engagement in restoration events recognizes the value of human
stewardship and further ensures long-term project sustainability
by cultivating new human-environment relationships.
It is worth noting that the re-management of lhènx̌ trees at
historical orchards may recreate historical conditions. Although
this is often a goal for many restoration projects, it is an
unintentional by-product in this case. The specific goal of this
project (increased lhènx̌ production for bear consumption) is
emphasized in the new practice of cultivating volunteer trees,
which may create a novel ecosystem.
Hul’q’umi’num’ and WSÁNEĆ clam garden restoration in the
Gulf Islands National Park Reserve
In southernmost BC lie the Gulf Islands, home of endemic coastal
ecosystems, a Mediterranean climate, and within the traditional
territory of 19 Coast Salish Indian Bands, including
Hul’q’umi’num’ and WSÁNEĆ communities. This region is also
one of the most densely populated marine areas in Canada with
two major urban centers, international shipping routes,
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commercial fishing industries, marine tourism industry, and over
3 million people (Bodker and Philibert 2016). Hul’q’umi’num’
and WSÁNEĆ peoples have actively stewarded this coastal
landscape for millennia, shaping many novel ecosystems
including clam gardens. In Coast Salish territory the physical
structure of low tide rock wall is supported by a system of beach
tending practices including tilling, selective harvesting, garbage
removal, and discouraging predators (such as river otters,
raccoons, and mink) through monitoring (Deur et al. 2015,
Lepofsky et al. 2015, Hul’q’umi’num’ - Gulf Islands National
Park Reserve Committee 2016, Olsen and WSÁNEĆ Leadership
Council 2019).
Over 11,000 years of continuously rising sea levels (Fedje and
Sumpter 2009, James et al. 2009) has meant intertidal rock walls
—dating to the mid-late Holocene—require continuous
maintenance to function as intended (Smith 2019). Without this
maintenance clam garden rock walls become fragmented and
intertidal terraces creep below ideal tidal heights for target species.
However, clam gardening within Coast Salish territory has been
interrupted because of colonial practices, land privatization,
pollution, commercial overharvesting (Fediuk and Thom 2003),
and a lack of maintenance (Lepofsky et al. 2015). Many beaches
throughout the Gulf Islands currently have low densities of clams
(Parks Canada 2010). Elders state clearly that to bring beaches
back to life, people need to be on the clam gardens, caring for
them again (Hul’q’umi’num’ Treaty Group 2011, Lepofsky et al.
2015, Hul’q’umi’num’ - Gulf Islands National Park Reserve
Committee 2016, Olsen and WSÁNEĆ Leadership Council 2019).
Following the guidance of Coast Salish knowledge holders, in
2014 Hul’q’umi’num’ and WSÁNEĆ Nations, in collaboration
with Parks Canada, began a restoration experiment (led by one
of the authors of this paper) to bring people back onto beaches
and re-establish ancient human-nature relationships by
reintroducing Coast Salish beach tending practices to untended
clam gardens (Fig. 2). Since 2014, project goals have evolved and
now include (1) ensuring functional densities of all key clam
garden species, (2) ensuring food species are safe for human
consumption for generations into the future, and (3) building the
financial and resource capacity for Coast Salish Nations to lead
this work into the future. Each goal includes elements that require
ecological restoration, cultural resurgence, policy reform, and
strengthened relationships.
These goals not only increase ecosystem health through the
maintenance of intertidal productivity and biodiversity, but also
provide opportunities for Coast Salish people to reconnect with
territory and practices, learn intergenerationally on the land, and
improve the way Indigenous knowledge and Western science are
used together within contemporary resource management. One
important element of the work includes training youth in
language, culture, and science. Since 2014, this has included
intergenerational restoration efforts as well as annual science and
culture camps for youth.
All restoration practices come from the people of these places.
For instance, Hul’q’umi’num’ and WSÁNEĆ knowledge holders
emphasize the importance of supporting key species that are
missing from untended clam gardens in order to restore the
relationships between those ecosystem components (Hul’q’umi’num’

- Gulf Islands National Park Reserve Committee 2016).
Restoration practices have been refined through careful
observation of changes that occur to habitat structure and
condition, shifts in water movement, species characteristics, and
ecosystem diversity. Efforts to restore clam gardens are based on
a growing understanding of the critical role humans have played,
and continue to play, in shaping, maintaining and protecting the
landscapes and seascapes we value today.
DISCUSSION
In this paper we have outlined how the enactment of place-based
values through Indigenous stewardship has influenced patterns
of productivity and biodiversity in order to create an appreciation
for the role of place-based values in the evolution of landscapes.
We described two contemporary restoration initiatives that have
incorporated place-based values into their practices. Incorporating
place-based values into restoration efforts provides a critical
opportunity to appreciate the potential for humans to shape and
sustain future ecosystems. In the discussion, we consider some of
the realities of integrating place-based values into restoration
work to help inform opportunities moving forward.
In Table 1, we outline how the features of place-based values might
translate into questions, restoration action, and have provided
examples from the Wuikinuxv lhènx̌ project to help conceptualize
the actions. These actions and questions can be applied to urban,
rural, and large- or small-scale restoration initiatives as a
framework to begin applying place-based values to restoration
planning and implementation. The localized and site-specific
nature of place-based values make them particularly applicable
to restoration planning and design, which is also site specific
(Kimmerer 2000).
Reconsidering the reference and how to measure success
Identifying the place-based values associated with a site can help
to understand the past processes that shaped the site. Ecological
restoration requires in-depth knowledge about ecosystems and
their dynamics, including an environment’s relationship to
humans and their societal values, activities, patterns of resource
use, and impacts (Uprety et al. 2012). Without the knowledge of
how or why a landscape came to be, restoration projects can
produce landscapes without meaning (Allison 2004). For
example, Olwig (1995) argues that the restoration of a Danish
River from a linear feature to a meandering stream will be done
in vain unless the ancient agricultural system that originally
created meandering streams is resurrected. A clear understanding
of all the processes (environmental and societal) that shaped the
landscape being restored is required to avoid ecological
impracticality or harm.
Many of the landscapes we seek to preserve were created by
millennia of human intervention and their restoration will require
sustained human management. For example, continuous and
frequent anthropogenic burning created a complex oak-meadow
ecosystem, which contains a mosaic of open canopy stands and
prairie habitat, and their restoration and recovery will be
dependent on a regime of frequent, low-intensity, intentional
burning (Pellatt and Gedalof 2014). This concept of humansustained ecological restoration diverges from other concepts of
restoration that center human-free visions of resilience. For
example, rewilding frameworks aim to “minimize or gradually
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Table 1. Proposed Framework for initiating a place-based values (PBV) approach into restoration planning and implementation.
Inspired by Table 2 in Artelle et al. 2018. This framework was built for people considering how to implement place-based values in
restoration and to clarify how actions relate to the features of place-based value.
PBV Feature

Action

Knowledge,
Belief System, Attachment to place

Identify knowledge holders.

Knowledge,
Belief System, Attachment to place

Belief System

Questions

Who are the people already
associated with this place?
Who carries the knowledge of this
place and this system? Who will be
associated with this place and who
will be the knowledge holders of the
future? Is any knowledge sensitive?
Identify the values associated with the Which ecosystem services should be
place.
prioritized? Cultural/spiritual
priorities?

Knowledge,
Belief System

Identify values that should/could be
associated with place.
Decide on which values should be
prioritized.

Conduct, Knowledge

Translate values into objectives.

Conduct

Translate objectives into practice.

Conduct

Enforce/encourage practices.

Knowledge, Attachment to place

Share efforts, educate.

Are all community members
informed? Do all communities
members have an opportunity to
contribute and spend time on the
land?

Conduct,
Knowledge

Monitor and adapt.

Are the practices and effects
benefitting humans and the
ecosystem? How can they?

reduce human interventions” (Perino et al. 2019:1). However,
passive management techniques such as rewilding may not be
appropriate for the restoration of landscapes with complex
human-environment relationships (McIver and Starr 2001,
Shackelford et al. 2019). Identifying the persistent human
influences that shaped landscapes can help to inform the future
role of humans in long-term management plans.
Including place-based values in restoration provides a chance to
consider how humans and non-humans have used, and will use,
the site in question. Recognition that humans can provide
beneficial services to ecosystems, and that they are not always the
source of environmental degradation, enables human-led
restoration projects to be less focused on bringing back the
imagined and static historical state of an ecosystem, and more
focused on developing an ecocultural landscape that provides
reciprocal benefits to all members of the affected communities
(human and non-human) through ongoing practice (Armstrong

(Especially if there are none identified
in step 2)
Whose privilege is it to decide this?
Who holds decision-making
authority? Whose decision-making
authority will require support to be
equitably included?
Do these objectives ultimately foster
social-ecological resilience?
Are there already practices in place?
What are their effects?
Evaluate how to best do this: Laws?
Policy? Cultural protocol?

Examples from the Wuikinuxv Lhènx̌
Project
Determined via Stewardship
Committee meeting discussions and
conversations with elders and
community members.

Values embedded in Wuikinuxv
culture. Priorities determined as
above: care for place and non-human
kin and engage youth so they can relearn traditional practices.

Stewardship Committee and Councils
privilege to support the project with
resources. Community support
integral to Council support.
Objectives determined based on
priorities.
No practices currently in place, only
memories of past practices.
Requested funding to create a small
work team dedicated to fulfilling
objectives. Enlisted a graduate
student to support work team.
Work team to engage with
Stewardship Committee on a yearly
basis and organize school trips to
restoration and harvesting sites.
Project updates and invitations to join
restoration/harvesting events shared
via community Facebook page.
Work team to monitor tree growth,
fruiting, and bear visitation on a
yearly basis and adapt treatments
based on monitoring data and
Stewardship Committee/community
feedback.

et al. 2021, Lee et al. 2021). Incorporating place-based values into
restoration projects could entail the inclusion of introduced
species if they are important culturally (Pfeiffer and Voeks 2008).
For example, the herb Plantago major was imported to North
America during the arrival of European colonists and is now
considered naturalized (Rousseau 1966, Mack and Lonsdale
2001, Kimmerer 2014). In the years since its arrival, P. major has
become an important medicinal plant for many Indigenous
communities (Kuhnlein and Turner 1991, Pfeiffer and Voeks
2008, Kimmerer 2014). Dandelions (Taraxacum), Pacific oysters
(Crassostrea gigas), and potatoes (Solanum tuberosum) are further
examples of non-native species that have become culturally or
economically important to their places of introduction (Miossec
et al. 2009, Jones et al. 2011, Wenstob 2011, Larson et al. 2014).
Although these species have provided cultural, medicinal,
ecological, or economic benefits, there can be complex
consequences to species introductions. For example, on the
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islands of Haida Gwaii, non-native Sitka black tailed deer
(Odocoileus hemionus sitkensis) are an important food source
culturally. However, through grazing on the forest understorey,
they have reduced the diversity of plant and animal communities
(Martin et al. 2010). Restoration planning informed by
geographically and temporally dynamic place-based values would
need to be considerate of all interconnected ecological and
cultural ecosystem components when considering the
maintenance or removal of species (Augustine and Dearden
2014).
Utilizing place-based values in restoration also provides the
opportunity to revitalize human-environment connections. When
restoration work focuses too heavily on technical aspects of
projects (e.g., seed density and mixtures, germination trials), the
chance to cultivate personal connections with the environment is
lost (Higgs 2003). However, cultural engagement requires
multiple efforts, long-term commitments, and thoughtful
deliberation (Higgs 2003). Incorporating place-based values into
restoration planning can provide community members and
practitioners the opportunity to collaborate on the design, goals,
and objectives of restoration. Active incorporation of these values
can also lead to stronger connections between restoration practice
and the names and stories associated with places (Gray and Rück
2019). These cultural dimensions of the environment highlight
our meaningful relationship with the landscape, and further
strengthen human connections and attachments to place
(Simpson 2014). Place-based storytelling can provide intergenerational guidance for stewardship (Wehi and Lord 2017) and
provide alternative methods of engagement. Successful
engagement is key to sustaining ecological restoration (Higgs
2003) and can also enhance human well-being (Rey Benayas et
al. 2009, Poe et al. 2016).
Indigenous inclusion and colonialism
Colonization introduced an onslaught of disease, epidemics,
displacement, and attempted assimilation across the globe (UN
General Assembly 2011). By removing Indigenous peoples from
their territories and disrupting embedded relationships to place,
colonialism has not only been harmful to human communities,
but also to non-human kin (Wildcat 2009, Irlbacher-Fox 2014).
The early foundational definition of restoration as a recovery of
an ecosystem to a self-sustaining state, free from human influence
(Society for Ecological Restoration International Science &
Policy Working Group 2004) erased the historical and enduring
role of Indigenous land and seascape stewardship (DicksonHoyle et al. 2021). As restoration evolves to a deeper
understanding and inclusion of human-ecosystem relationships,
critiques of colonialism and/or Western science cannot be absent
from discussions of climate change and environmental
degradation. Without their explicit inclusion, restoration will
continue to erase Indigenous relationships to place and fail to
address the underlying harmful and unsustainable systems that
have led us to a point of climate and environmental crises in the
first place (Jimmy et al. 2019).
For non-Indigenous practitioners, it is important to recognize
that place-based and Indigenous communities hold knowledge
about the Earth and other beings differently than Western
scientists do (Black Elk 2016, Whyte et al. 2016), and acknowledge
that there is an unevenly shared responsibility for creating

ecological crises. In many cases, Indigenous stewardship modified
environments and created beneficial ecological legacies, such as
shell middens providing nutrient subsidies to forests making
vegetation larger, more productive, and more diverse than areas
without shell middens (Cook-Patton et al. 2014, Trant et al. 2016).
On the other hand, Western and/or colonial management
practices often transform environments. For example, clearcutting forests, mining, dams, and large-scale agricultural all
fundamentally change landscapes, often irreversibly. This erasure
of place has ramifications for social-ecological integrity but can
be actively countered through considerate restoration (DicksonHoyle et al. 2021).
With consent and consideration, engaging with Indigenous
communities/scientists/restoration practitioners on restoration
projects can provide opportunities to support reciprocal benefits
for all communities involved (human and non-human; Lee et al.
2021). However, particular care should be taken to ensure
engagement methods are not extractive (Liboiron 2021, Trisos et
al. 2021). Inclusion should not create burden for Indigenous
communities, whose capacities are sometimes limited because of
historic and current colonial policies. Intellectual property rights
should be protected and sensitive information (such as harvest
locations) should not be made public (Trisos et al. 2021).
Indigenous knowledge and expertise should be paid for, in a
manner equal to how a professional or academic expert would be
paid (Liboiron 2021). When envisioning long-term projects
involving cross-cultural collaborations, all parties should commit
to developing stamina, flexibility, and humility (Jimmy et al.
2019). This will increase capacity to sustain relationships to
humans with other ways of knowing, which will ultimately create
better relationships to the land for all involved (Jimmy et al. 2019).
Unfortunately, Indigenous knowledge is often considered
subjective evidence, only acceptable when supported by Western
science (Liboiron 2021). This methodology maintains the
supposed superiority of Western science over Indigenous
knowledge (Simpson 2004, Liboiron 2021) and further
exacerbates the linked processes of environmental and cultural
degradation. However, Indigenous-led restoration can provide
opportunities to strengthen movements of reconciliation,
decolonization, and Indigenous self-determination (DicksonHoyle et al. 2021). Restoration and monitoring can demonstrate
Indigenous continuity in territorial occupation that can help
assert rights and access to traditionally managed lands
(Armstrong and Veteto 2015), and provide evidence for Treaty
negotiations (in countries such as Canada). Restoring
“relationships of mutual obligation between land and people”
and considering people as beneficial components of functioning
ecosystems can disrupt Western and/or colonial beliefs of land as
property and resource (Burow et al. 2018:60). Encouraging
human facilitated ecosystem recovery with methods informed by
Indigenous Knowledge can re-awaken traditional land use
practices and connect younger generations to their ancestral
territories and traditions (Simpson 2014, Wehi and Lord 2017).
Restoration and re-management of particular places that are
important for people’s lifeways and identities (aka cultural
keystone places) can provide opportunities for land-based
teaching and learning and contribute to the integrity and
resilience of Indigenous communities (Deloria and Wildcat 2001,
Simpson 2014, Cuerrier et al. 2015).
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CONCLUSION
The formation of place-based values is circular: restoration
practice is one method of spending time on a landscape that leads
to the formation of beliefs, knowledge, and rituals, which
accumulate into place-based values (Berkes and Turner 2006).
These acquired values guide a dynamic, co-evolving relationship
with place and inform future generations on respectful, sustained
relationships with their surroundings (Artelle et al. 2018). The
contemporary movement and settlement of people around the
world may seem like a barrier to the formation of place-based
values. However, this globalization can be responded to by
learning from and being respectful of the knowledge, laws, and
protocols of the place-based people at a given location (Kimmerer
2014, Frid 2020). Creating space for Indigenous-led restoration
practice to re-claim stewardship roles will be vital to support the
well-being and cultural identity of Indigenous peoples and aid in
processes of decolonization and Indigenous self-determination
(Simpson 2014, Dickson-Hoyle et al. 2021).
Whether new-formed or millennial, relationships between placebased people and their environment not only enable sustained
long-term human well-being but are also critically important in
supporting the health and resilience of ecological communities
(Cuerrier et al. 2015, Bird and Nimmo 2018). As displayed in
examples of Indigenous stewardship across BC, forming,
fostering, and incorporating place-based values into ecological
restoration can help design resilient ecocultural ecosystems that
sustain.

Responses to this article can be read online at:
https://www.ecologyandsociety.org/issues/responses.
php/13370

Acknowledgments:
The authors would like to thank the Wuikinuxv Nation, the
Hul’q’umi’num’ Treaty Group, and the Gulf Islands National Park
Reserve for supporting the restoration projects described in this
manuscript. We would also like to express appreciation to our four
anonymous reviewers for their helpful suggestions which improved
this manuscript. Funding from the National Sciences and
Engineering Research Council of Canada (Discovery grant to AJT)
and the Hakai Institute has been integral to this work.
Data Availability:
Data/code sharing not applicable.
LITERATURE CITED
Adams, M. S., C. N. Service, A. Bateman, M. Bourbonnais, K.
A. Artelle, T. Nelson, P. C. Paquet, T. Levi, and C. T. Darimont.
2017. Intrapopulation diversity in isotopic niche over landscapes:
spatial patterns inform conservation of bear-salmon systems.
Ecosphere 8(6):e01843. https://doi.org/10.1002/ecs2.1843
Allison, S. K. 2004. What do we mean when we talk about
ecological restoration? Ecological Restoration 22(4):1-5.

Armstrong, C. G., J. Miller, A. C. McAlvay, P. M. Ritchie, and D.
Lepofsky. 2021. Historical Indigenous land-use explains plant
functional trait diversity. Ecology and Society 26(2):6. https://doi.
org/10.5751/ES-12322-260206
Armstrong, C. G., and J. R. Veteto. 2015. Historical ecology and
ethnobiology: applied research for environmental conservation
and social justice. Ethnobiology Letters 6(1):5-7. https://doi.
org/10.14237/ebl.6.1.2015.313
Artelle, K. A., J. Stevenson, C. Bragg, J. A. Housty, W. G. Housty,
M. Kawharu, and N. J. Turner. 2018. Values-led management: the
guidance of place-based values in environmental relationships of
the past, present, and future. Ecology and Society 23(3):35.
https://doi.org/10.5751/ES-10357-230335
Atleo, R. E. U. 2011. The Nuu-chah-nulth principles of
recognition. Pages 78-91 in Principles of Tswalk: an Indigenous
approach to a global crisis. UBC Press, Vancouver, British
Columbia, Canada.
Augustine, S., and P. Dearden. 2014. Changing paradigms in
marine and coastal conservation: a case study of clam gardens in
the Southern Gulf Islands, Canada. Canadian Geographer 58
(3):305-314. https://doi.org/10.1111/cag.12084
Balée, W. 2006. The research program of historical ecology.
Annual Review of Anthropology 35(1):75-98. https://doi.
org/10.1146/annurev.anthro.35.081705.123231
BC Treaty Commission. 2020. Treaties and agreements. BC Treaty
Commission, Vancouver, British Columbia, Canada. http://www.
bctreaty.ca/treaties-and-agreements
Beckwith, B. R. 2004. “The queen root of this clime”:
ethnoecological investigations of blue camas (Camassia leichtlinii
(Baker) Wats., C. quamash (Pursh) green; Liliaceae) and its
landscapes on Southern Vancouver Island, British Columbia.
Dissertation. University of Victoria, Victoria, British Columbia,
Canada.
Berkes, F., and N. J. Turner. 2006. Knowledge, learning and the
evolution of conservation practice for social-ecological system
resilience. Human Ecology 34:479. https://doi.org/10.1007/
s10745-006-9008-2
Bird, D. W., R. B. Bird, B. F. Codding, and N. Taylor. 2016. A
landscape architecture of fire: cultural emergence and ecological
pyrodiversity in Australia’s Western Desert. Current Anthropology
57:S65-S79. https://doi.org/10.1086/685763
Bird, R. B., and D. Nimmo. 2018. Restore the lost ecological
functions of people. Nature Ecology & Evolution 2:1050-1052.
https://doi.org/10.1038/s41559-018-0576-5
Black Elk, L. 2016. Native science: understanding and respecting
other ways of thinking. Rangelands 38(1):3-4. https://doi.
org/10.1016/j.rala.2015.11.003
Bliege Bird, R., D. W. Bird, L. E. Fernandez, N. Taylor, W. Taylor,
and D. Nimmo. 2018. Aboriginal burning promotes fine-scale
pyrodiversity and native predators in Australia’s Western Desert.
Biological Conservation 219:110-118. https://doi.org/10.1016/j.
biocon.2018.01.008

Ecology and Society 27(3): 32
https://www.ecologyandsociety.org/vol27/iss3/art32/

Bodker, K., and R. Philibert. 2016. Population profile of B.C.’s
coastal regions. Ocean Watch, Vancouver, British Columbia,
Canada.
Bowman, D. M. J. S. 1998. The impact of Aboriginal landscape
burning on the Australian biota. New Phytologist 140(3):385-410.
https://doi.org/10.1111/j.1469-8137.1998.00289.x
Boyd, R. 1999. Introduction. Pages 1-31 in R. Boyd, editor.
Indians, fire, and the land in the Pacific Northwest. Oregon State
University Press, Corvallis, Oregon, USA.
British Columbia Assembly of First Nations. [date unknown].
Wuikinuxv Nation. British Columbia Assembly of First Nations,
Prince George, British Columbia, Canada. https://www.bcafn.ca/
first-nations-bc/vancouver-island-coast/wuikinuxv-nation
Burow, P. B., S. Brock, and M. R. Dove. 2018. Unsettling the land:
indigeneity, ontology, and hybridity in settler colonialism.
Environment and Society: Advances in Research 9(1):57-74.
https://doi.org/10.2139/ssrn.3634170
Compton, B. D. 1993. Upper North Wakashan and Southern
Tsimshian ethnobotany: the knowledge and usage of plants and
fungi among the Oweekeno, Hanaksiala (Kitlope and Kemano),
Haisla (Kitamaat) and Kitasoo peoples of the central and north
coasts of British Columbia. Dissertation. University of British
Columbia, Vancouver, British Columbia, Canada.
Cook-Patton, S. C., D. Weller, T. C. Rick, and J. D. Parker. 2014.
Ancient experiments: forest biodiversity and soil nutrients
enhanced by Native American middens. Landscape Ecology 29
(6):979-987. https://doi.org/10.1007/s10980-014-0033-z
Cox, K. D., H. L. Davies, K. H. Davidson, T. G. Gerwing, S. E.
Dudas, and F. Juanes. 2020. Shellfish subsidies along the Pacific
coast of North America. Ecography 43:668-681. https://doi.
org/10.1111/ecog.04476
Cox, K. D., T. G. Gerwing, T. Macdonald, M. Hessing-Lewis, B.
Millard-Martin, R. J. Command, F. Juanes, and S. E. Dudas.
2019. Infaunal community responses to ancient clam gardens.
ICES Journal of Marine Science 76(7):2362-2373. https://doi.
org/10.1093/icesjms/fsz153
Cuerrier, A., N. J. Turner, T. C. Gomes, A. Garibaldi, and A.
Downing. 2015. Cultural keystone places: conservation and
restoration in cultural landscapes. Journal of Ethnobiology 35
(3):427-448. https://doi.org/10.2993/0278-0771-35.3.427
Cullis-Suzuki, S., S. Wyllie-Echeverria, K. A. Dick, M. D. SewidSmith, O. K. Recalma-Clutesi, and N. J. Turner. 2015. Tending
the meadows of the sea: a disturbance experiment based on
traditional indigenous harvesting of Zostera marina L.
(Zosteraceae) the southern region of Canada’s west coast.
Aquatic Botany 127:26-34. https://doi.org/10.1016/j.aquabot.2015.07.001
Deloria Jr., V., and D. Wildcat. 2001. Power and place: Indian
education in America. American Indian Graduate Center and
Fulcrum Resources, Golden, Colorado, USA.
Deur, D. E., A. Dick, K. Recalma-Clutesi, and N. J. Turner. 2015.
Kwakwaka’wakw “clam gardens”: motive and agency in
traditional Northwest Coast mariculture. Human Ecology 43
(2):201-212. https://doi.org/10.1007/s10745-015-9743-3

Dickson-Hoyle, S., R. E. Ignace, M. B. Ignace, S. M. Hagerman,
L. D. Daniels, and K. Copes-Gerbitz. 2021. Walking on two legs:
a pathway of Indigenous restoration and reconciliation in fireadapted landscapes. Restoration Ecology 30:e13566. https://doi.
org/10.1111/rec.13566
Dudgeon, R. C., and F. Berkes. 2003. Local understandings of
the land: traditional ecological knowledge and Indigenous
knowledge. Pages 75-96 in H. Selin, editor. Nature across cultures:
views of nature and the environment in non-Western cultures.
Kluwer Academic, London, UK. https://doi.org/10.1007/978-9
4-017-0149-5_4
Fediuk, K., and B. Thom. 2003. Contemporary and desired use
of traditional resources in a Coast Salish community:
implications for food security and Aboriginal rights in British
Columbia. 26th Annual Meeting of the Society for Ethnobiology.
Seattle, Washington, USA.
Fedje, D. W., and I. D. Sumpter. 2009. Sea levels and archaeology
in the Gulf Islands National Park Reserve. Canadian Journal of
Archaeology 33(2):234-253.
Fisher, J. A., N. Shackelford, M. D. Hocking, A. J. Trant, and B.
M. Starzomski. 2019. Indigenous peoples’ habitation history
drives present‐day forest biodiversity in British Columbia’s
coastal temperate rainforest. People and Nature 1(1):103-114.
https://doi.org/10.1002/pan3.16
Frid, A. 2020. Resisting least resistance. Pages 14-25 in Changing
tides: an ecologist’s journey to make peace with the Anthropocene.
New Society Publishers, Gabriola Island, British Columbia,
Canada.
Fuchs, M. A. 2001. Towards a recovery strategy for Garry oak
and associated ecosystems in Canada: ecological assessment and
literature review. Technical Report GBEI/EC-00-30. Canadian
Government Publishing, Victoria, British Columbia, Canada.
Gann, G. D., T. McDonald, B. Walder, J. Aronson, C. R. Nelson,
J. Jonson, J. G. Hallett, C. Eisenberg, M. R. Guariguata, J. Liu,
F. Hua, C. Echeverría, E. Gonzales, N. Shaw, K. Decleer, and K.
W. Dixon. 2019. International principles and standards for the
practice of ecological restoration. Second edition. Restoration
Ecology 27(S1):S1-S46.
Gedalof, Z., and J. A. Franks. 2019. Stand structure and
composition affect the drought sensitivity of Oregon white oak
(Quercus garryana Douglas ex Hook.) and Douglas-fir
(Pseudotsuga menziesii (Mirb.) Franco). Forests 10(5).
Ghilarov, A. M. 2000. Ecosystem functioning and intrinsic value
of biodiversity. Oikos 90(2):408-412. https://doi.org/10.1034/
j.1600-0706.2000.900222.x
Gray, C., and D. Rück. 2019. Reclaiming Indigenous place names.
Yellowhead Institute, Toronto Metropolitan University, Toronto,
Ontario, Canada. https://yellowheadinstitute.org/2019/10/08/
reclaiming-indigenous-place-names/
Gresh, T., J. Lichatowich, and P. Schoonmaker. 2000. An
estimation of historic and current levels of salmon production in
the Northeast Pacific ecosystem: evidence of a nutrient deficit in
the freshwater systems of the Pacific Northwest. Fisheries 25
(1):15-21.

Erratum: The original PDF of this publication did not include the entire Literature Cited. The error was corrected on 14 September 2022.

Ecology and Society 27(3): 32
https://www.ecologyandsociety.org/vol27/iss3/art32/

Groesbeck, A. S., K. Rowell, D. Lepofsky, and A. K. Salomon.
2014. Ancient clam gardens increased shellfish production:
adaptive strategies from the past can inform food security today.
PLoS ONE 9(3):e91235. https://doi.org/10.1371/journal.pone.0091235
Hallett, L. M., S. Diver, M. V. Eitzel, J. J. Olson, B. S. Ramage,
H. Sardinas, Z. Statman-Weil, and K. N. Suding. 2013. Do we
practice what we preach? Goal setting for ecological restoration.
Restoration Ecology 21(3):312-319. https://doi.org/10.1111/
rec.12007
Hamman, S. T., P. W. Dunwiddie, J. L. Nuckols, and M. McKinley.
2011. Fire as a restoration tool in Pacific Northwest Prairies and
oak woodlands: challenges, successes, and future directions.
Northwest Science 85(2):317-328. https://doi.org/10.3955/046.085.0218
Heckenberger, M. J., J. C. Russell, J. R. Toney, and M. J. Schmidt.
2007. The legacy of cultural landscapes in the Brazilian Amazon:
implications for biodiversity. Philosophical Transactions of the
Royal Society B: Biological Sciences 362(1478):197-208. https://
doi.org/10.1098/rstb.2006.1979
Henderson, J. Y. 2000. Ayukpachi: empowering Aboriginal
thought. Page xiv + 306 in M. Battiste, editor. Reclaiming
Indigenous voice and vision. UBC Press, Vancouver, British
Columbia, Canada.
Higgs, E. 2003. Nature by design. MIT Press, Cambridge,
Massachusetts, USA.
Hoffman, K. M., E. L. Davis, S. B. Wickham, K. Schang, A.
Johnson, T. Larking, P. N. Lauriault, N. Quynh Le, E. Swerdfager,
and A. J. Trant. 2021. Conservation of Earth’s biodiversity is
embedded in Indigenous fire stewardship. Proceedings of the
National Academy of Sciences 118(32):e2105073118. https://doi.
org/10.1073/pnas.2105073118
Hoffman, K. M., K. P. Lertzman, and B. M. Starzomski. 2017.
Ecological legacies of anthropogenic burning in a British
Columbia coastal temperate rain forest. Journal of Biogeography
44(12):2903-2915. https://doi.org/10.1111/jbi.13096
Hoffman, K. M., S. B. Wickham, W. S. McInnes, and B. M.
Starzomski. 2019. Fire exclusion destroys habitats for at-risk
species in a British Columbia protected area. Fire 2(3):48. https://
doi.org/10.3390/fire2030048
Hoffmann, T., N. Lyons, D. Miller, A. Diaz, A. Homan, S.
Huddlestan, and R. Leon. 2016. Engineered feature used to
enhance gardening at a 3800-year-old site on the Pacific
Northwest Coast. Science Advances 2(12).
Hul’q’umi’num’ - Gulf Islands National Park Reserve
Committee. 2016. Stutul’na’mut report: caring for our beaches.
Gulf Islands National Park Reserve, Sidney, British Columbia,
Canada.
Hul’q’umi’num’ Treaty Group. 2011. Gulf Islands National Park
Reserve - Hul’q’umi’num’ Treaty Group Shellfish Traditional
Knowledge Research Project. Hul’q’umi’num’ Treaty Group,
Duncan, British Columbia, Canada.
Irlbacher-Fox, S. 2014. Traditional knowledge, co-existence and
co-resistance. Decolonization: Indigeneity, Education & Society
3(3):145-158.

Jackley, J., L. Gardner, A. F. Djunaedi, and A. K. Salomon. 2016.
Ancient clam gardens, traditional management portfolios, and
the resilience of coupled human-ocean systems. Ecology and
Society 21(4):20. https://doi.org/10.5751/ES-08747-210420
James, T., E. J. Gowan, I. Hutchinson, J. J. Clague, J. V. Barrie,
and K. W. Conway. 2009. Sea-level change and paleogeographic
reconstructions, southern Vancouver Island, British Columbia,
Canada. Quaternary Science Reviews 28(13-14):1200-1216.
https://doi.org/10.1016/j.quascirev.2008.12.022
Jimmy, E., V. Andreotti, and S. Stein. 2019. Towards braiding.
Musagetes, Guelph, Ontario, Canada.
Jones, M., H. Hunt, E. Lightfoot, D. Lister, X. Liu, and G.
Motuzaite-Matuzeviciute. 2011. Food globalization in prehistory.
World Archaeology 43(4):665-675. https://doi.org/10.1080/0043
8243.2011.624764
Kelbessa, W. 2013. Indigenous knowledge and its contribution to
biodiversity conservation. International Social Science Journal
64(211-212):143-152. https://doi.org/10.1111/issj.12038
Kimmerer, R. W. 2000. Native knowledge for Native ecosystems.
Journal of Forestry 98(8):4-9.
Kimmerer, R. W. 2014. Braiding sweetgrass: Indigenous wisdom,
scientific knowledge, and the teachings of plants. Milkweed
Editions, Minneapolis, Minnesota, USA.
Kuhnlein, H. V., and N. J. Turner. 1991. Traditional plant foods
of Canadian Indigenous peoples: nutrition, botany, and use. Food
and Nutrition in History and Anthropology. Gordon and Breach
Science, London, UK.
Lake, F. K., and A. C. Christianson. 2019. Indigenous fire
stewardship. Pages 1-9 in S. Manzello, editor. Encyclopedia of
wildfires and wildland-urban interface (WUI) fires. Springer,
Cham, Switzerland. https://doi.org/10.1007/978-3-319-51727-8_225-1
Larson, J. L., A. J. Kesheimer, and D. A. Potter. 2014. Pollinator
assemblages on dandelions and white clover in urban and
suburban lawns. Journal of Insect Conservation 18(5):863-873.
https://doi.org/10.1007/s10841-014-9694-9
Lee, L. C., G. D. McNeill, P. Ridings, M. Featherstone, D. K.
Okamoto, N. B. Spindel, A. W. E. Galloway, G. W. Saunders, E.
M. Adamczyk, L. Y. Reshitnyk, O. Pontier, M. Post, R. Irvine, G.
N. Wilson, and S. K. V. Bellis. 2021. Chiixuu Tll iinasdll:
Indigenous ethics and values lead to ecological restoration for
people and place in Gwaii Haanas. Ecological Restoration 39
(1-2). https://doi.org/10.3368/er.39.1-2.45
Lepofsky, D., C. G. Armstrong, S. Greening, J. Jackley, J.
Carpenter, B. Guernsey, D. Mathews, and N. J. Turner. 2017.
Historical ecology of cultural keystone places of the Northwest
Coast. American Anthropologist 119(3):448-463. https://doi.
org/10.1111/aman.12893
Lepofsky, D., and M. Caldwell. 2013. Indigenous marine resource
management on the Northwest Coast of North America.
Ecological Processes 2(1):1-12. https://doi.org/10.1186/2192-1709-2-12
Lepofsky, D., N. F. Smith, N. Cardinal, J. Harper, M. Morris, G.
E. White, R. Bouchard, D. I. D. Kennedy, A. K. Salomon, M.

Ecology and Society 27(3): 32
https://www.ecologyandsociety.org/vol27/iss3/art32/

Puckett, and K. Rowell. 2015. Ancient shellfish mariculture on
the Northwest Coast of North America. American Antiquity 80
(2):236-259. https://doi.org/10.7183/0002-7316.80.2.236

archaeological evidence for long- term occupation of the Central
Coast of British Columbia. BC Studies: The British Columbian
Quarterly 187:155-191.

Lertzman, K. 2009. The paradigm of management, management
systems, and resource stewardship. Journal of Ethnobiology 29
(2):339-358. https://doi.org/10.2993/0278-0771-29.2.339

Miossec, L., R.-M. Le Deuff, and P. Goulletquer. 2009. Alien
species alert: Crassostrea gigas (Pacific oyster). ICES Cooperative
Research Report No. 299. International Council for the
Exploration of the Sea, Copenhagen, Denmark.

Levis, C., F. R. C. Costa, F. Bongers, M. Peña-Claros, C. R.
Clement, A. B. Junqueira, E. G. Neves, E. K. Tamanaha, F. O.
G. Figueiredo, R. P. Salomão, et al. 2017. Persistent effects of preColumbian plant domestication on Amazonian forest
composition. Science 355(6328):925-931. https://doi.org/10.1126/
science.aal0157
Liboiron, M. 2021. Decolonizing geoscience requires more than
equity and inclusion. Nature Geoscience 14:876-877. https://doi.
org/10.1038/s41561-021-00861-7
Liu, J., T. Dietz, S. R. Carpenter, M. Alberti, C. Folke, E. Moran,
A. N. Pell, P. Deadman, T. Kratz, J. Lubchenco, E. Ostrom, Z.
Ouyang, W. Provencher, C. L. Redman, S. H. Schneider, and W.
W. Taylor. 2007. Complexity of coupled human and natural
systems. Science 317(5844):1513-1516. https://doi.org/10.1126/
science.1144004
Long, J. W., M. K. Anderson, L. Quinn-Davidson, R. W. Goode,
F. K. Lake, and C. N. Skinner. 2016. Restoring California black
oak ecosystems to promote tribal values and wildlife. General
Technical Report PSW GTR-252. Department of Forest Service,
Pacific Southwest Research Station, Albany, California, USA.
https://doi.org/10.2737/PSW-GTR-252
Lyver, P. O. B., A. Akins, H. Phipps, V. Kahui, D. R. Towns, and
H. Moller. 2016. Key biocultural values to guide restoration
action and planning in New Zealand. Restoration Ecology 24
(3):314-323. https://doi.org/10.1111/rec.12318
Mack, R. N., and M. W. Lonsdale. 2001. Humans as global plant
dispersers: getting more than we bargained for. BioScience 51
(2):95-102. https://doi.org/10.1641/0006-3568(2001)051[0095:HAGPDG]
2.0.CO;2
Martin, J. L., S. A. Stockton, S. Allombert, and A. J. Gaston.
2010. Top-down and bottom-up consequences of unchecked
ungulate browsing on plant and animal diversity in temperate
forests: lessons from a deer introduction. Biological Invasions 12
(2):353-371. https://doi.org/10.1007/s10530-009-9628-8
Mathews, D. L., and N. J. Turner. 2017. Ocean cultures:
Northwest Coast ecosystems and Indigenous management
systems. Pages 169-206 in P. S. Levin and M. R. Poe, editors.
Conservation for the Anthropocene ocean: interdisciplinary
science in support of nature and people. Academic, London, UK.

Olsen, J., and WSÁNEĆ Leadership Council. 2019. WSÁNEĆ
Clam Garden Restoration Project Final Report: caring for and
KEXALS-digging clams in the WSÁNEĆ Territory. Gulf Islands
National Park Reserve, Sidney, British Columbia, Canada.
Olwig, K. R. 1995. Reinventing common nature: Yosemite and
Mt. Rushmore - a meandering tale of a double nature. Pages
379-408 in W. Cronon, editor. Uncommon ground: towards
reinventing nature. W. W. Norton, New York, New York, USA.
Parks Canada. 2010. State of the park report 2003-2008: Gulf
Islands National Park Reserve. Parks Canada, Ottawa, Ontario,
Canada.
Pellatt, M. G., and Z. Gedalof. 2014. Environmental change in
Garry oak (Quercus garryana) ecosystems: the evolution of an
eco-cultural landscape. Biodiversity and Conservation 23
(8):2053-2067. https://doi.org/10.1007/s10531-014-0703-9
Pellatt, M. G., M. M. McCoy, and R. W. Mathewes. 2015.
Paleoecology and fire history of Garry oak ecosystems in Canada:
implications for conservation and environmental management.
Biodiversity and Conservation 24(7):1621-1639. https://doi.
org/10.1007/s10531-015-0880-1
Perino, A., H. M. Pereira, L. M. Navarro, N. Fernández, J. M.
Bullock, S. Ceausu, A. Cortés-Avizanda, R. Van Klink, T.
Kuemmerle, A. Lomba, G. Pe'er, T. Plieninger, J. M. R. Benayas,
C. J. Sandom, J.-C. Svenning, and H. C. Wheeler. 2019. Rewilding
complex ecosystems. Science 364(6438). https://doi.org/10.1126/
science.aav5570
Pfeiffer, J., and R. Voeks. 2008. Biological invasions and
biocultural diversity: linking ecological and cultural systems.
Environmental Conservation 35(4):281-293. https://doi.org/10.1017/
S0376892908005146
Pivello, V. R. 2011. The use of fire in the cerrado and Amazonian
rainforests of Brazil: past and present. Fire Ecology 7(1):24-39.
https://doi.org/10.4996/fireecology.0701024
Poe, M. R., J. Donatuto, and T. Satterfield. 2016. “Sense of place”:
human wellbeing considerations for ecological restoration in
Puget Sound. Coastal Management 44(5):409-426. https://doi.
org/10.1080/08920753.2016.1208037

McIver, J., and L. Starr. 2001. Restoration of degraded lands in
the interior Columbia River basin: passive vs. active approaches.
Forest Ecology and Management 153(1-3):15-28.

Ponisio, L. C., K. Wilkin, L. M’Gonigle, K. Kulhanek, L. Cook,
R. Thorp, T. Griswold, and C. Kremen. 2016. Pyrodiversity begets
plant-pollinator community diversity. Global Change Biology 22
(5):1794-1808. https://doi.org/10.1111/gcb.13236

McLaren, D., D. Fedje, A. Dyck, Q. Mackie, A. Gauvreau, and
J. Cohen. 2018. Terminal Pleistocene epoch human footprints
from the Pacific coast of Canada. PLoS ONE 13(3):e0193522.
https://doi.org/10.1371/journal.pone.0193522

Rey Benayas, J. M., A. C. Newton, A. Diaz, and J. M. Bullock.
2009. Enhancement of biodiversity and ecosystem services by
ecological restoration: a meta-analysis. Science 325(5944):1121-1124.
https://doi.org/10.1126/science.1172460

McLaren, D., F. Rahemtulla, G. E. White, and D. W. Fedje. 2015.
Prerogatives, sea level, and the strength of persistent places:

Ecology and Society 27(3): 32
https://www.ecologyandsociety.org/vol27/iss3/art32/

Rousseau, J. 1966. Movement of plants under the influence of
man. Pages 81-99 in R. L. Taylor and R. A. Ludwig, editors. The
evolution of Canada’s flora. University of Toronto Press,
Toronto, Ontario, Canada. https://doi.org/10.3138/9781487583996-008
Salmón, E. 2000. Kincentric ecology: Indigenous perceptions of
the human-nature relationship. Ecological Applications 10
(5):1327-1332. https://doi.org/10.1890/1051-0761(2000)010[1327:
KEIPOT]2.0.CO;2
Salter, N. 2018. Ancient clam gardens magnify bivalve production
by moderating ambient temperature and enhancing sediment
carbonate. Thesis. Simon Fraser University, Burnaby, British
Columbia, Canada.

ecological restoration. Society for Ecological Restoration
International Science & Policy Working Group, Tucson, Arizona,
USA.
Storm, L., and D. Shebitz. 2006. Evaluating the purpose, extent,
and ecological restoration applications of Indigenous burning
practices in southwestern Washington. Ecological Restoration 24
(4):256-268. https://doi.org/10.3368/er.24.4.256
Toniello, G., D. Lepofsky, G. Lertzman-Lepofsky, A. K.
Salomon, and K. Rowell. 2019. 11,500 y of human-clam
relationships provide long-term context for intertidal
management in the Salish Sea, British Columbia. Proceedings of
the National Academy of Sciences 116:22106-22114. https://doi.
org/10.1073/pnas.1905921116

Schuster, R., R. R. Germain, J. R. Bennett, N. J. Reo, and P.
Arcese. 2019. Vertebrate biodiversity on indigenous-managed
lands in Australia, Brazil, and Canada equals that in protected
areas. Environmental Science & Policy 101:1-6. https://doi.
org/10.1016/j.envsci.2019.07.002

Trant, A. J., W. Nijland, K. M. Hoffman, D. L. Mathews, D.
McLaren, T. A. Nelson, and B. M. Starzomski. 2016. Intertidal
resource use over millennia enhances forest productivity. Nature
Communications 7:12491. https://doi.org/10.1038/ncomms12491

Senos, R., F. K. Lake, N. J. Turner, and D. Martinez. 2006.
Traditional ecological knowledge and restoration practice. Pages
393-426 in D. Apostol and M. Sinclair, editors. Restoring the
Pacific Northwest: the art and science of ecological restoration
in Cascadia. Island, Washington, D.C., USA.

Trauernicht, C., B. W. Brook, B. P. Murphy, G. J. Williamson, and
D. M. J. S. Bowman. 2015. Local and global pyrogeographic
evidence that indigenous fire management creates pyrodiversity.
Ecology and Evolution 5(9):1908-1918. https://doi.org/10.1002/
ece3.1494

Shackelford, N., S. M. Murray, J. R. Bennett, P. L. Lilley, B. M.
Starzomski, and R. J. Standish. 2019. Ten years of pulling:
ecosystem recovery after long‐term weed management in Garry
oak savanna. Conservation Science and Practice 1(10):e92.
https://doi.org/10.1111/csp2.92

Trisos, C. H., J. Auerbach, and M. Katti. 2021. Decoloniality and
anti-oppressive practices for a more ethical ecology. Nature
Ecology & Evolution 5:1205-1212. https://doi.org/10.1038/
s41559-021-01460-w

Shackelford, N., R. J. Standish, W. Ripple, and B. M. Starzomski.
2017. Threats to biodiversity from cumulative human impacts in
one of North America’s last wildlife frontiers. Conservation
Biology 32(3):672-684. https://doi.org/10.1111/cobi.13036
Simpson, L. R. 2004. Anticolonial strategies for the recovery and
maintenance of Indigenous knowledge. American Indian
Quarterly 28(3/4):373-384.
Simpson, L. B. 2014. Land as pedagogy: Nishnaabeg intelligence
and rebellious transformation. Decolonization: Indigeneity,
Education & Society 3(3):1-25.
Smith, E. A., and M. Wishnie. 2000. Conservation and subsistence
in small-scale societies. Annual Review of Anthropology 29
(1):493-524. https://doi.org/10.1146/annurev.anthro.29.1.493
Smith, L. T. 2012. Colonizing knowledges. Pages 61-80 in
Decolonizing methodologies: research and Indigenous peoples.
Second edition. Zed Books, London, UK.
Smith, N. 2019. Archaeological excavations of walled beaches
(clam gardens) at Fulford Harbour Site, DeRu-192 and Russell
Island Site, DeRu-203 (1951T/91M1A): Final Report for the 2016
& 2017 Field Season, HCA Permit 2016-0138. Gulf Islands
National Park Reserve, Sidney, British Columbia, Canada.
Smith, N. F., D. Lepofsky, G. Toniello, K. Holmes, L. Wilson, C.
M. Neudorf, and C. Roberts. 2019. 3500 Years of shellfish
mariculture on the Northwest Coast of North America. PLoS
ONE 14(2):e0211194.
Society for Ecological Restoration International Science & Policy
Working Group. 2004. The SER international primer on

Tuck, E., and M. McKenzie. 2015. Place in research: theory,
methodology, and methods. Routledge, New York, New York,
USA.
Turner, N. J. 1999. “Time to burn” traditional use of fire to
enhance resource production by Aboriginal peoples in British
Columbia. Pages 185-218 in R. Boyd, editor. Indians, fire, and
the land in the Pacific Northwest. Oregon State University Press,
Corvallis, Oregon, USA.
Turner, N. J. 2007. Importance of biodiversity for First Peoples
of British Columbia. The Biodiversity of BC Technical
Subcommittee for the Report on the Status of Biodiversity in
British Columbia, Victoria, British Columbia, Canada.
Turner, N. J. 2014. Ancient pathways, ancestral knowledge:
ethnobotany and ecological wisdom of Indigenous peoples of
northwestern North America. McGill-Queen’s University Press,
Montreal and Kingston, Canada.
Turner, N. J., and F. Berkes. 2006. Coming to understanding:
developing conservation through incremental learning in the
Pacific Northwest. Human Ecology 34(4):495-513. https://doi.
org/10.1007/s10745-006-9042-0
Turner, N. J., D. E. Deur, and D. Lepofsky. 2013. Plant
management systems of British Columbia First peoples. BC
Studies 179:107-133.
Turner, N. J., and D. L. Mathews. 2020. Serving nature:
completing the ecosystem services cycle. Pages 3-29 in C. D. Bain,
editor. A book of ecological virtues. University of Regina Press,
Regina, Saskatchewan, Canada.

Ecology and Society 27(3): 32
https://www.ecologyandsociety.org/vol27/iss3/art32/

Turner, N. J., and K. L. Turner. 2008. “Where our women used
to get the food”: cumulative effects and loss of ethnobotanical
knowledge and practice; case study from coastal British
Columbia. Botany 86(2):103-115. https://doi.org/10.1139/
B07-020
UN General Assembly. 2011. United Nations Declaration on the
Rights of Indigenous Peoples. UN General Assembly, New York,
New York, USA.
United Nations Permanent Forum on Indigenous Issues. 2006.
Indigenous Peoples, Indigenous Voices Factsheet. United
Nations Permanent Forum on Indigenous Issues. New York, New
York, USA.
Uprety, Y., H. Asselin, Y. Bergeron, F. Doyon, and J.-F. Boucher.
2012. Contribution of traditional knowledge to ecological
restoration: practices and applications. Ecoscience 19(3):225-237.
https://doi.org/10.2980/19-3-3530
Wehi, P. M., and J. M. Lord. 2017. Importance of including
cultural practices in ecological restoration. Conservation Biology
31(5):1109-1118. https://doi.org/10.1111/cobi.12915
Wenstob, S. 2011. The profusion of potatoes in pre-colonial
British Columbia. Platforum 12:133-160.
White, X. E. 2003. Heiltsuk stone fishtraps: products of my
ancestors’ labour. Thesis. Simon Fraser University, Burnaby,
British Columbia, Canada.
Whyte, K. P., J. P. Brewer, and J. T. Johnson. 2016. Weaving
Indigenous science, protocols and sustainability science.
Sustainability Science 11(1):25-32. https://doi.org/10.1007/
s11625-015-0296-6
Wildcat, D. R. 2009. Sovereignty: self-determination or selftermination? Pages 39-54 in Red alert! Saving the planet with
Indigenous knowledge. Fulcrum, Boulder, Colorado, USA.
Wilson, S. 2008. Research is ceremony: Indigenous research
methods. Fernwood, Halifax, Nova Scotia, Canada.
Zeanah, D. W., B. F. Codding, R. Bliege Bird, and D. W. Bird.
2017. Mosaics of fire and water: the co-emergence of
anthropogenic landscapes and intensive seed exploitation in the
Australian arid zone. Australian Archaeology 83(1-2):2-19.
https://doi.org/10.1080/03122417.2017.1359876

