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Societal Impact Statement

Cultural use berries are prized foods and medicines across the United States and
Canada, with almost 200 different species used by Indigenous Peoples. Berries are
increasingly being impacted by environmental and land-use change. Berry habitats,
how and when berry plants reproduce, and the volume of berries available for har-
vest each year are shifting widely. These changes are impacting access to, availability
of, and consumption of berries. Biocultural stewardship practices, like low-intensity
fire, transplanting, and thinning, can be used in response to these stressors to support
berry plant health and productivity as well as a sustained relationship with this
important food.

Summary

Almost 200 different species of berries are used for food and medicine by Indige-
nous Peoples, with unparalleled nutritional and cultural significance among plant
foods. Environmental and land-use change is increasingly compromising access to,
availability of, and consumption of berries. In this review, | consider (a) how climate
and land-use change are impacting cultural use berries across species and places, as
documented by Indigenous Peoples and in the scientific literature, and (b) how
stewardship practices are being applied to promote resilience and sustainability in
berrying landscapes experiencing stress. Climate impacts on Arctic and subarctic
berry species include earlier ripening, changes in taste, or increased variability in
abundance. These same regions are experiencing a proliferation of shrubs, while for-
ests throughout the lower 48 and Canada are suffering from suffocating fuel loads
and stand densities that are not conducive to berry habitat for many species. In the
Pacific West, berries are influenced by prolonged droughts and increasing spring
and summer temperatures. Climate change impacts are amplified by shifts in land
use for forestry and agriculture. Biocultural stewardship practices, like low-intensity
fire, thinning, transplanting, and cultural care, can be used to mitigate these impacts
and promote berry microclimate habitats. There is opportunity for intertribal net-
working and knowledge sharing around berry stewardship practices that will support

local and regional climate change responses.
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1 | INTRODUCTION
Wild berries are the most widely used plant food stewarded
and consumed by Indigenous Peoples in the United States and
Canada (Karst & Turner, 2011; Lantz & Turner, 2003; Migicovsky
et al, 2022; Speller & Forbes, 2022; Weber, 2022). In his book,
Native American Ethnobotany, Moerman (1998) documents approxi-
mately 162 different berry species used by Indigenous Peoples in
North America. Berries grow in a multitude of habitats, from frozen
tundra to prairies to bogs, and are vessels of food security,
sovereignty, nutrition, and biocultural well-being. Many communities
harvest hundreds of liters or gallons of berries annually (Minore
et al., 1979; Parlee et al., 2005). Berries are one of the few naturally
sweet wild foods (Turner, 2020) and coveted sources of plant-based
carbohydrates paired with wild meat and fish proteins. They have
phytochemicals that are immunoprotective and health promoting,
with berries produced in extreme environments particularly rich in
these compounds (Flint et al, 2011; Kellogg et al, 2010; Lila
et al., 2012; McOliver et al.,, 2015).

Wild berries are increasingly being impacted by shifts in weather
conditions (see Figure 1 and Table S1), documented through
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Indigenous knowledge and in the scientific literature (Ahmed
et al., 2022). For example, Herman-Mercer et al. (2020) found that in
the Yukon-Kuskokwim Delta region of Alaska, people are traveling
further (on average, more than 20 miles from home) and to more
places to pick berries. Berries are important phenological indicators of
seasonal activities and cycles, with shifts in phenology impacting the
(Lantz &
Turner, 2003). Indigenous stewardship of berry plants, using practices

predictability of resources and seasonal indicators
like cultural fire, pruning and coppicing, and transplanting, supports
berry habitat and productivity (Turner et al, 2013) but has been
interrupted by colonial-implemented forest and land management
practices focused on fire exclusion, homogeneity, monocropping, and
privatization. The effects of land-use shifts amplify the impact of cli-
mate change today (Karuk Tribe - UC Berkeley Collaborative, 2023).
In this paper, | review the impacts of environmental and landscape
change on berry species in the United States and Canada, as well as
the role of biocultural stewardship in berry resilience and sustainabil-
ity. Specifically, | ask: How are cultural use berry species being
impacted by environmental and land-use change? How can steward-
ship practices be applied to promote resilience and sustainability in

berrying landscapes experiencing stress?
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A model of common, seasonal climatic stressors or interruptions to berry production across species and regions in Alaska and

Northern Canada. Some climatic conditions and interruptions are also applicable to temperate regions in the United States and Canada
(e.g., heavy spring rains in the spring, drought conditions in the summer, or shifts in phenology).
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2 | METHODS

This systematic review was developed through a multiple-step
process that included compiling a list of cultural use berry species, a
systematic literature search, a literature review and sorting, and laying
the groundwork for depth in understanding. | used the Native
American Ethnobotany Data Base (Moerman, 2003), based on
Moerman's (1998) book Native American Ethnobotany, to compile a list
of 162 berries used for food by Indigenous Peoples in the
United States, many species and genres of which are also used in
Canada. Starting with Latin and common berry names, | systematically
searched peer-reviewed literature (Google Scholar and Web of
Science) using a combination of terms: berry common or Latin name,
climate change or land-use change, stewardship or management, and
Native American/Alaska Native/Indigenous/First Nations. Three types
of papers were aggregated: social environmental science studies
focused on berries, studies broadly focused on climate change and
Indigenous Peoples with small passages on berries, and natural
science studies focused on things like botanical development, repro-
duction, or plot- or lab-based studies. One hundred thirty-five papers
were reviewed, and the content was sorted into topical sections:
geographic region, climate impacts, berry biology and reproduction,
stewardship, and vegetation change. To supplement information on
berry biology and reproduction, the Fire Effects Information System
(USDA, 2023a) was consulted to shape Table S1. Synonymously,
during this process, | worked closely with Indigenous berry pickers on
the ground in California and Alaska as part of my primary research
program, work that offered depth in understanding and interpretation

for this review.

3 | CLIMATE CHANGE IMPACTS ON
BERRIES
3.1 | Pacific west region
Black huckleberries (Vaccinium membranaceum) are a prolific fruit of
the western United States and Canada and one of the most widely
researched berry species of this region (Confederated Tribes of
the Umatilla Indian Reservation, 2015; Forney, 2016; Hobby &
Keefer, 2010; Wender et al., 2004). Species distribution models
predict that suitable habitat for black huckleberry will diminish by
5%-40% across the northwestern United States by the end of the
21st century (Prevéy et al., 2020). Black huckleberry phenology is pre-
dicted to shift by over a month, with flowering advancing 23-50 days
and fruiting advancing 24-52 days (Prevéy et al., 2020). A 20-year
field plot study in Northern Idaho and Western Montana found that
more black huckleberries were produced in years with cool springs
and high July diurnal temperature ranges (Holden et al., 2012).
Increasing minimum temperatures in the spring are negatively associ-
ated with berry production (Holden et al., 2012).

Cultural practitioners in the mid-Klamath River Basin observed

green leaf manzanita (Arctostaphylos patula), blackcap raspberries
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(Rubus leucodermis), and evergreen huckleberries (Vaccinium ovatum)
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becoming brown and drying up early in the season from direct
exposure to extreme heat and sun (Karuk Tribe - UC Berkeley
Collaborative, 2023; Mucioki et al., 2024). Blackcap raspberries were
also observed aborting and ripening asynchronously after extreme
heat and then cold in early June. Harvesters in this same region have
noticed that evergreen huckleberries are now ready in July, after
being first harvested in September (Mucioki et al., 2022).

Communities in British Columbia have experienced years of
complete berry failure, unusual flowering and fruiting, heavy spring
rains that impact pollination, and increased rust disease in species like
Saskatoon berry (Amelanchier alnifolia) and soapberry (Shepherdia
canadensis) (Turner & Clifton, 2009). In places where there used to be
an abundance of berries of different species, there is not one single
berry today (Turner, 2003a). Lower productivity of berries for decades
has been observed as a pattern across this region by berry pickers
(Turner, 2003a).

3.2 | Arctic and subarctic regions

Berry production in the north can be highly productive (Hupp
et al., 2013). However, production is increasingly variable and unpre-
dictable (Hupp et al., 2015; Mulder et al., 2021; Spellman, 2019), and
climate change is a concern for berry pickers (Flint et al., 2011). Early
flowering or berrying was the most common and widespread
(14 observations) berry-related climate anomaly reported by the
Local Environmental Observer Network (Figure 2) (Alaska Native
Tribal Health Consortium, 2016). Over 80% of berry pickers in the
Yukon-Kuskokwim Delta region of Alaska said that salmonberries
(Rubus chamaemorus) ripen earlier than they did 10 years ago; 50%
observed blackberries (Empetrum nigrum) and blueberries (Vaccinium
spp.) doing the same (Herman-Mercer et al., 2020). Similar experi-
ences have been reported across Alaska (Bunce et al., 2016; Hupp
et al., 2015). Decreasing abundance varies by species and microcli-
mate (Herman-Mercer et al., 2020; Hupp et al., 2015; Siegwart
Collier, 2020). Many berry species in this region develop fruit over
2 years, initiating flower buds in Year 1 and flowers and berries in
Year 2 (Mulder et al., 2017), leaving them increasingly vulnerable to
disruptions, like freeze injuries, illustrated in Figure 1 (Bokhorst
et al., 2008). Today, berry pickers spend more time and money to
find and travel to berry patches (Clark et al, 2016). Some are
chartering flights ($200 round trip per person) to pick berries
(Drolet, 2012).

Climate change is also impacting the taste and texture of berries.
Over 50% of respondents in Iqaluit, Canada, said berries have been
smaller, seedier, and less abundant since childhood, particularly in the
last 3 years, hypothesizing that they are influenced by even small
shifts in precipitation and temperature (Bunce et al., 2016). Snowfall
and summer rainfall have decreased; drier conditions with warmer
winter temperatures are linked to “diminishing” berry taste in Alaska
and the Canadian North (Boulanger-Lapointe et al., 2019; Cuerrier
et al., 2015; Kellogg et al., 2010). Pollution is also identified as a
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FIGURE 2 Observations of abnormalities in berry development and reproduction in Alaska and Northern Canada reported by berry pickers to
the Local Environmental Observer Network (Alaska Native Tribal Health Consortium, 2016). Some points include multiple observations.

contributing factor to taste change (Boulanger-Lapointe et al., 2019).
In some places, this is deterring consumption (Cuerrier et al., 2015;
Nickels et al., 2006).

Inuit berry pickers in Canada said: “Traditionally, these resources
were picked in the fall when temperatures are cooler, preserving them
for longer. Now they ripen even in August leading to premature
rotting” (Downing & Cuerrier, 2011). Heavy rains and heat observed
by Teetl'it Gwich'in in the Northwest Territories, Canada, have caused
berries to drop off plants when ripe, narrowing the harvest window.
One picker delayed picking blueberries by a day and missed the
harvest following a rainstorm (Parlee et al., 2006). This is also the case
for salmonberries (Karst & Turner, 2011). In this region, biting insects
have increased, and rainfall can compromise transportation to berry
patches, deterring harvest even if the berries are present (Guyot
et al., 2006).

Salmonberries are notably variable in production as they are more
sensitive to extremes like strong winds (between 40 and 60 km/h)
and heavy rains, late frost, or hot summer temperatures (above 25°C),
particularly during flowering (Anderson et al., 2018; Karst, 2005;
Karst & Turner, 2011; Norton et al., 2021; Parlee et al., 2006). One
picker said: “cloudberries make us run around” (Karst & Turner, 2011).
During years of extreme weather, sheltered microclimates under trees
or shrubs sustain patches of salmonberries (Karst & Turner, 2011). In
Cartwright, Labrador, the projected thaw of peatland permafrost
threatens salmonberry habitat (Anderson et al, 2018; Way
et al., 2018). In Kangigsualujjuag, salmonberries are growing taller and
producing more fruits (Siegwart Collier, 2020).

The blackberry is the most steadily productive berry across years
in these regions (Gonzélez et al, 2019; Holloway, 2006; Hupp
et al., 2013; Kellogg et al., 2010). Blackberry, along with bearberry
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(Arctostaphylos uva-ursi), lingonberry (Vaccinium vitis-idaea), and soap-
berry, was monitored from 1997 to 2008 in the Yukon region. Over
11 years of monitoring, the most productive species was blackberry,
with 1.5-4.6 times more berries produced than the aforementioned
species (Krebs et al., 2009).

Increasing geese abundance in northern regions, resulting from
more agricultural production along migration routes, has resulted in
more berry (especially blackberry) consumption by geese (Boulanger-
Lapointe et al., 2019; Hupp et al., 2013). On the other hand, berry
abundance can impact goose hunting. If berries are not abundant,
geese will be inaccessible to hunters (Downing & Cuerrier, 2011).
Increasing agricultural potential and shifts in land use in the north are
also predicted to compete with berry habitat (Hirabayashi
et al., 2022). Additionally, warmer climates are more hospitable to
invasive plant competitors like white sweet clover (Melilotus albus),

which can compete for pollinators (Spellman et al., 2015).

3.3 | Easternregion

Berries used by Wabanaki people in Maine are simultaneously
impacted by climate change and ongoing stressors from land grabbing,
environmental pollution, and assimilation (Michelle, 2012, as cited in
Lynn et al, 2013). Wild blueberry (Vaccinium angustifolium or
Vaccinium myrtilloides) fields along the coast of Maine are warming at
a greater rate during the growing season than the state as a whole
(Tasnim et al., 2021); wild blueberry yields have decreased the last
6 years (Drummond & Yarborough, 2014). Barai et al. (2021) found
that precipitation and evapotranspiration rates over the long term
(more than 12 months) have a greater impact on blueberry vegetation
growth and berry production than the conditions of the current
growing season. Events of erratic frosts are happening with more
frequency and are more often killing flowers and deterring fruiting of
wild blueberries in Maine (Severson, 2019).

Large cranberries (Vaccinium macrocarpon) and small cranberries
(Vaccinium oxycoccos) are adapted to flooding, although excessive
flooding or winter flooding can exceed their adaptation (Hirabayashi
et al,, 2022). A Maxent model found annual temperature and precipi-
tation accounted for >50% of the variability in large and small
cranberry production. The timing of precipitation is more significant
than the total amount of precipitation; precipitation will decrease in
the wettest months but increase in the winter. This may cause excess
water at the wrong time of year, leading to waterlogged soils
(Hirabayashi et al., 2022).

4 | CHANGES IN BERRYING LANDSCAPES

4.1 | Shrubification
Tall and low-growing shrub (Betula, Salix, and Alnus spp.) cover and
size are expanding in Arctic and subarctic regions, growth that is

strongly correlated with warming and permafrost thaw (Elmendorf
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et al., 2012; Myers-Smith et al., 2011; Norton et al., 2021; Pearson

et al,, 2013). Few studies have explored the effects of increased can-
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opy formation on dwarf shrub neighbors and particularly berries, with
no consensus on impacts (Siegwart Collier, 2020). It is predicted that
the strongest impacts will occur between species with a greater height
differential (Siegwart Collier, 2020). Siegwart Collier (2020) found that
in Inuit regions of Canada, increasing canopy from shrubification has
the greatest impact on truly prostate berries (like lingonberry and
blackberry) that have limited phenotypic plasticity in height growth.
Berries that have greater height growth plasticity (like bog blueberry
[Vaccinium uliginosum]) will have more ability to adapt through
allocation trade-offs, although these trade-offs could impact berry
productivity (Cuerrier et al., 2015; Siegwart Collier, 2020).

Sheltered microclimates shaped by shrubs create localized snow
accumulation, resulting in the insulation of understory plants during
the winter, delaying spring blooming and minimizing the risk of frost
damage. These snow patches are also important sources of moisture
for berries during spring and summer, particularly during hot and dry
seasons (Boulanger-Lapointe et al., 2019). In northern Norway, snow
fencing is intentionally constructed in open, windswept areas to
increase snow on salmonberry fields (Holloway, 2006). Additionally,
microclimates created by shrubs can allow for protection from tem-
perature extremes and high winds and support the retention of soil
moisture and pollinator habitat. Salmonberries growing in sheltered
habitat have greater vegetative growth and more and larger fruits
(Lohi, 1974; Myers-Smith et al., 2011; Yudina, 1993).

4.2 | Forest cover and density

Across the eastern and western regions, the most productive berry
patches are often found in open and disturbed sites (Trusler &
Johnson, 2008). Fire and biocultural stewardship suppression have
shifted forest structure and berry habitat (Karuk Tribe - UC Berkeley
Collaborative, 2023; Long et al.,, 2021), resulting in long-standing
implications for berry abundance, with many patches diminished or
existing only in vegetative form (Aleiss, 2018; Hobby & Keefer, 2010;
Nielsen et al., 2020; Skinner, 1995). The impacts of fire suppression
on berries have been widely documented, including in Coastal British
Columbia (Turner, 2003a); red huckleberry (Vaccinium parvifolium) and
evergreen huckleberry patches in Washington, Oregon, and California
(Mucioki et al., 2022; Wender et al., 2004); salal (Gaultheria shallon)
patches in Western Washington (Ballard & Huntsinger, 2006);
black huckleberry throughout the west (Martin, 1983; Trusler &
Johnson, 2008); and blackberry (Rubus allegheniensis and Rubus cana-
densis), raspberry (Rubus idaeus), and strawberry (Fragaria x ananasa) in
Maine (Daigle et al., 2019). In the region of Port Graham, Alaska,
Alaska blueberry (Vaccinium alaskaense) is more productive in spruce
forests that have less tree density and lower tree basal area, letting in
more light and posing less competition for space and resources (Reich
et al., 2018). Spruce beetle infestations in southeast Alaska are con-
tributing to the reduction of canopy cover to an extent that supports

berry productivity for some species (Suring et al., 2008).
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5 | RESPONDING TO ENVIRONMENTAL
CHANGE WITH BERRY STEWARDSHIP

5.1 | Cultural or prescribed fire

Low-intensity fires have been widely used by Indigenous Peoples in
the United States and Canada to steward the health and production
of berries and berrying habitat (e.g., forest edges and openings and
meadows and grasslands) (Christianson et al., 2022; Mucioki
et al., 2024, 2022), particularly for Vaccinium and Rubus species
(Deur, 2009; Gottesfeld, 1994; Long et al, 2021; Turner, 1999).
Today, fire is being used to restore berry habitat. Berries like blackcap
raspberries, wild raspberries, black huckleberry, low bush blueberry,
and cranberries create more and larger berries following fire
(Anderson, 2009; Duchesne & Wetzel, 2004; Hobby & Keefer, 2010;
Lavoie & Pellerin, 2007; Turner, 2003a; Turner & Peacock, 2005).
Ojibwe communities throughout Minnesota and Wisconsin describe
going to berry patches in 1-2-year-old fire scars and finding huge
expanses of blueberries in clusters and sizes equivalent to grapes
(Norrgard, 2009). With environmental change, fire regimes are pro-
jected to shift with a higher incidence of fire across multiple regions
(McCarty et al., 2021). At least in the short term, this will create earlier
successional stages of forests that are more conducive to berry pro-
duction for many species (Johnstone et al., 2010; Mack et al., 2008).

In Arctic and subarctic regions, more is known about fire manage-
ment of berry species in boreal Canada than in Alaska (Christianson
et al.,, 2022; Nelson et al., 2008). Communities (such as Anishnaabe,
Gitksan, Wet'suwet'en, Dene, and Cree in Canada) use fire to maintain
forest openings and renew the productivity, size, number, and sweet-
ness of berries like currants, strawberries, raspberries, huckleberries,
blueberries, and serviceberries (Berkes & Davidson-Hunt, 2006;
Christianson et al.,, 2022; Davidson-Hunt, 2003). Inuit people in
Labrador use fire to increase the productivity of lingonberry and bog
blueberry for human and bear consumption (Oberndorfer, 2020); lim-
ited plot study data suggest that these same species in Arctic regions
do increase post-fire (Nelson et al., 2008). The Gwich'in and Koyukon
in interior Alaska are said to manage berry patches with fire as well
(Natcher et al., 2007). However, for many berry pickers and
researchers alike, the potential impacts on berries from fire and smoke
in many Arctic places, including Alaska, have yet to be realized
(Herman-Mercer et al.,, 2020). Berry species in tundra habitats are
largely not fire adapted, many with shallow root or rhizome systems,
and are slow to regenerate following fire (Lorion & Small, 2021;
Table S1), taking multiple decades to recover and produce to pre-fire
levels (Holloway, 2006; Mironov, 1984; Nelson et al., 2008).

5.2 | Thinning

Thinning removes encroaching vegetation and dead materials to
maintain space and adequate sunlight for berry patch growth and
access (Downing & Cuerrier, 2011; Karuk Tribe - UC Berkeley
Collaborative, 2023). Teetl'it Gwich'in blueberry pickers in the

Northwest Territories, Canada, maintain their family picking spots by
cutting back the willows encroaching on blueberry patches (Parlee
et al., 2005, 2006). Removing overstory, in some cases, enables light
exposure essential to berrying but, in other cases, can alter the micro-
climates to which understory plants are accustomed (Reich et al.,
2018). Lingonberries are especially sensitive to overstory removal. In
Sweden, lingonberry yield was reduced by 10% each year for the next

decade following clear cutting (Holloway, 2006).

5.3 | Transplanting

Moving berry plants to facilitate accessible abundance and other
forms of stewardship, like fertilizing and watering, are also done
widely across species (e.g., wild strawberry [Fragaria virginianal,
groundcherry [Physalis spp.], Rubus and Vaccinium species, service-
berry, red elderberry [Sambucus racemose], and highbush cranberries
[Viburnum edule]) (Baumflek, 2015; Baumflek et al., 2021;
Smith, 2011; Thornton, 1999; Turner, 2003b; Turner & Berkes, 2006;
Turner & Loewen, 1998; Turner & Peacock, 2005). Westbank First
Nation, in the Okanagan region of British Columbia, is transplanting
thousands of black huckleberry plants annually to foster berry micro-
habitats in their territory (Migicovsky et al., 2022). The Karuk Tribe is
restoring severely burned lands from wildfire with cuttings from black
elderberry (Sambucus nigra) and other cultural use plants (personal
communication, April 23, 2023).

5.4 | Cultural care and relationship

Practices of care and respect support berry sustainability and resil-
ience (Boulanger-Lapointe et al., 2019). Some high bush cranberry
patches are owned and inherited within families, with individuals
leading the monitoring, harvest, and management to ensure longevity
(Norton et al., 2021; Turner et al., 2013; Turner & Peacock, 2005).
Berry pickers in Nunatsiavut, on the north coast of Labrador, and
elsewhere never pick berries every day, all the berries in the patch,
or more than they can use (Murray et al., 2005; Norton et al., 2021).
Others rotate patches or avoid newly established patches
(Boulanger-Lapointe et al., 2019). The Klamath Tribes, during the
First Huckleberry Ceremony in Southern Oregon, scatter the first
black huckleberry harvest on the ground as an act of reciprocity to
ensure future harvests (Deur, 2009; Turner et al., 2011).

6 | THE FUTURE OF BERRIES

6.1 |
berries

Prioritize Indigenous-led stewardship of

Berries are a connecting strength among Indigenous Peoples across
the United States and Canada; there are many opportunities to restore

berries and support Indigenous sovereignty through stewardship, care,
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and a continued relationship with these important cultural foods.
Practices of biocultural stewardship, like transplanting, thinning, and
burning, can be applied to restore berry patches while enhancing
resilience to climate change (Table 1 and Figure 1). Berries in the
Pacific West United States and Canada are suffering from decades of
fire suppression, denial of Indigenous stewardship practices, climate
change, and resource extraction (see Elk & Baker, 2020). Many berry
species in this region are responding well to the reintroduction of low-
intensity burning, forest thinning, canopy removal, transplanting, and
pruning practices, which also decrease the risk of wildfire and the

impacts of drought on individual species.

6.2 | Increase agency awareness of cultural use
species, habitat, and stewardship to support
meaningful co-management opportunities

Some tribes have entered into co-management agreements with the
US Forest Service to revitalize berry patches that are concurrently
claimed as federal lands (see Dobkins et al., 2016; Paul, 2010); others in
Canada and the United States are working with federal agencies
to steward berry habitat and productivity through things like low-
intensity fire and managing invasive species (see Sistering Indigenous
and Western Science program pilot in Canada [Government of
Canada, 2022]). Tribal co-stewardship programs in the United States

TABLE 1 Berry environmental stressors and potential mitigative
stewardship responses in regional or place-based climates in the
United States and Canada.

Stressors Mitigative stewardship

Promote dapple-shaded
microclimates, snow
accumulation for spring and
summer moisture banking, and
water berry patches when
feasible

Xeric conditions

Low-intensity fire and manual
thinning

Canopy closure and shade

Transplanting, reseeding, and
drainage

Flooding and saltwater
inundation in coastal areas

Low-intensity fire and manual
thinning

High-intensity fire and short
fire return intervals

Promote snow banking and
accumulation on berry patches
with snow fencing or shrubs

Less insulative snow layer

Promote microclimates that shelter
and insulate to reduce early
break in dormancy of berry
plants and serve as protection

Late frost or freeze injury
during warm and cold spells
during spring

Increasing shrubs and invasive Weed, thin, and continual use of
plants berry patches

Low-intensity fire, manual
thinning, and continual harvest
and use

Filling in of open habitats like
meadows, bogs, or
grasslands

People Planet PPF N

are part of increasing government commitment to Indigenous food
sovereignty (see USDA, 2023b), with 120 new co-stewardship agree-
ments signed between the Forest Service and tribal governments in
2023 (USDA, 2023c). In Canada, Indigenous Protected Areas
(Cyca, 2023), which prioritize things like berry productivity and health,
are growing, with targeted goals for expansion by 2025 (Government
of Canada, 2021). Workshops and programs for agency personnel that
build awareness of cultural use foods, like berries, and biocultural stew-
ardship practices and their importance are essential in supporting truly
collaborative intergovernmental agreements and partnerships. Working
in collaborative teams that include tribal leaders, agency personnel, and
university researchers (see Karuk Resilience Initiative [Karuk Tribe - UC
Berkeley Collaborative, 2023]) also provides the opportunity for

cross pollination of knowledge and stewardship values and priorities.

6.3 | Protect, promote, and establish berry
microclimates

Biocultural stewardship creates microclimates, which are important
landscape niches that provide protective resilience to berries in the
face of drought and extreme weather (Table 1). Localized microcli-
mates, not macroclimates, dictate the health and abundance of berry
patches, making these species perfect recipients of Indigenous care
connected to place. While shade and canopy can be inhibitive to some
berry species (see Table S1), they are equally important to others for
protection at different life phases (see Truscott, 2023). Areas under
shrubs or small trees or along forest edges are abundant berry spots
for species like salmonberry, as they act as buffers to weather events
and uncertainties and provide prolonged moisture. Removal of the
canopy, in some cases, can shift microclimates and stress berry patches
or, in other cases, can be essential to berry production. Stewardship
practices are species dependent and can be reflective of a biological
affinity for some species to withstand things like disturbance, climate
extremes, or mobility, coupled with stewardship practices intended to
minimize vulnerabilities posed by things like intolerance of late-stage
successional forest or freezing (see Table S1). Many of these berries
have evolved with Indigenous stewardship practices that confirm their
biological needs and minimize vulnerabilities to enhance productivity.
Ex situ collections maintained by gene banks, herbaria, and botanical
gardens complement in situ efforts and can support revitalization of
lost in situ species (see Migicovsky et al., 2022, for more).

6.4 | Partner on research that explores the impacts
of biocultural stewardship practices on cultural use
berries in the context of climate stressors and land-use
change

There are regions where less is known about the impact of climate
change on berries and the impacts of biocultural stewardship for
climate mitigation. The Pacific West and Northern/Alaska regions of

Canada and the United States are berry-research-rich areas; other
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regions are under-researched. Literature in the eastern region often
focuses on the agricultural production of wild blueberry or cranberry,
generated due to commercial interest and economic viability. How-
ever, there is generally a lack of recognition of the role Indigenous
Peoples play in blueberry and cranberry stewardship, particularly in
terms of low-intensity fire, which is almost completely attributed to
commercial growing cycles today. Little is known about the response
of tundra and boreal edge habitats to wildfire and low-intensity fire,
although there is limited evidence that some berry species respond
with enhanced growth and berrying over long periods of recovery.
Lengthy rebounds may limit the benefits of this management strategy.
As wildfires occur with more frequency in the Arctic and subarctic,
there is an opportunity to observe the impacts on berry patches
over time. In Canada, the Strengthening Indigenous Research
Capacity initiative focuses on co-developing directions and plans for
Indigenous-led or co-produced research as part of the Truth and
Reconciliation goals. Funding opportunities potentially suitable for
berries are often limited by an emphasis on commercial or agricultural
products or lands, excluding many Indigenous foods, landscapes, and
ontologies. The USDA Applied Science Program supports integrated
research projects, recently emphasizing environmental justice and
Indigenous knowledge, but must shift further to be more inclusive of
Indigenous food and environmental research needs, which are not
commodity or agricultural crops.

6.5 | Facilitate intertribal learning opportunities to
support cross pollination of berry stewardship
practices in response to evolving environmental
stressors

As the impacts of climate change and resulting vegetation shifts
evolve, there will be a need for new stewardship practices. Indigenous
networking around berries and stewardship may be beneficial at local
and regional levels as climate impacts shift and evolve. For example,
the Indigenous Foods Knowledges Network (2023) connected
Indigenous communities in Alaska and the Southwest to build climate
resilience; the Winterberry (2024) project uses citizen science
volunteers throughout Alaska to document shifts in berrying. In Arctic
and subarctic regions, increased vegetation and wildfires are posing
interesting opportunities for intertribal exchange of experiences and
practices with communities in the Pacific West, where fuel loading
and canopy cover have been ongoing challenges for decades. Simi-
larly, communities in the Eastern United States, where cultural fire is
no longer practiced, may be interested in revitalizing the practice

through intertribal knowledge sharing.

7 | CONCLUSION

Cultural use berries are experiencing shifts in abundance, quality/

health, taste and phytonutrient compounds, reproduction, and habitat

across Canada and the United States in ways that constrict harvest
and consumption of these nutritious and culturally important plant
foods. Intergenerational practices of land stewardship, like pruning,
transplanting, or low-intensity fire, support predictable and consistent
berry reproduction and health, quality, taste, and access. As Indige-
nous relationships with berries are bent and shifted by environmental
stressors, stewardship practices can be used to insulate berries and
berrying landscapes from the impacts. Community or family-level care
that maintains species-dependent microclimates is a response
centered on place-based skills and knowledge designed to co-evolve
with dwelt in landscapes and the inherent biological resiliencies and
vulnerabilities present across berry species. As berries continue their
relationships with people, it may be useful for Indigenous berry
harvesters and stewards to work as a network of leaders in these
efforts, considering things like shifts in taste and palatability (and ulti-
mately consumption), fire impacts in places like Alaska and tundra
landscapes, and climate impacts in the eastern region, where evidence
is lacking.
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