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Abstract

Anthropogenic influences are altering fire regimes worldwide, resulting in an
increase in the size and severity of wildfires. Simultaneously, throughout west-
ern North America, there is increasing recognition of the important role of
Indigenous fire stewardship in shaping historical fire regimes and fire-adapted
ecosystems. However, there is limited understanding of how ecosystems are
affected by or recover from contemporary “megafires,” particularly in terms of
understory plant communities that are critical to both biodiversity and
Indigenous cultures. To address this gap, our collaborative study, in partner-
ship with Secwépemc First Nations, examined understory community recovery
following a large, mixed-severity wildfire that burned in the dry and mesic
conifer forests of British Columbia, Canada, with a focus on plants of high cul-
tural significance to Secwépemc communities. To measure the effect of a con-
tinuous gradient of fire severity across forest types, we conducted field
assessments of fire severity and sampled understory plants 4 years postfire. We
found that native species richness and richness of species of high cultural sig-
nificance were lowest in areas that burned at high severity, with distinct com-
positional differences between unburned areas and those that burned at high
severity. These findings were consistent across forest types characterized by
distinct historical fire regimes. In contrast, richness of exotic species increased
with increasing fire severity in the dominant montane interior Douglas-fir for-
ests, with exotic species closely associated with areas that burned at high sever-
ity. Our study indicates that recent megafires may be pushing ecosystems
outside their historical range of variability, with negative implications for eco-
system recovery and cultural use across these fire-affected landscapes. We also
found consistently higher plant diversity, and both native and cultural species
richness, in subalpine forests. Collectively, our results provide strong evidence
of the ecological and cultural significance of low- to moderate-severity fire and
subalpine forests, and the longstanding and ongoing role of Indigenous peoples in
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INTRODUCTION

Fire is a key disturbance agent in many ecosystems
worldwide, shaping the global distribution of vegetation
and biodiversity, and ecosystem heterogeneity across a
range of spatiotemporal scales (Bond et al., 2005; Hoffman
et al., 2021; McLauchlan et al., 2020). In fire-prone ecosys-
tems, such as the dry and mixed conifer forests of western
North America, including British Columbia (BC), Canada,
vegetation structure, composition, and diversity are strongly
influenced by patterns of fire frequency, size, seasonality
and severity, collectively referred to as the fire regime
(Daniels et al., 2017; Turner, 2010). While humans have
long influenced fire regimes (Bowman et al., 2011), recent
and rapid anthropogenic impacts are altering fire regimes
worldwide, resulting in an increase in size and severity of
wildfires (Bowman et al., 2020; Coops et al., 2018; Hanes
et al., 2019); a trend that is only expected to increase
(United Nations Environment Programme [UNEP], 2022).
Western North America is a global hotspot for these
“megafires,” defined as spatially and temporally continuous
fires exceeding 10,000 ha in area (Linley et al., 2022), which
pose increasing risks to people and ecosystems alike
(UNEP, 2022). Conservation scientists and land managers
now highlight concerns that the scale and severity of these
megafires may lead to “catastrophic” vegetation degradation
or ecosystem conversion (Coop et al., 2020; Falk et al., 2022;
Seidl & Turner, 2022; Stephens et al., 2014). As such, there
is a critical need to better understand how ecosystems
are affected by and recover from megafires (Nimmo
et al., 2022), including fine-scale vegetation responses
(Donovan et al., 2020).

These challenges are particularly prevalent through-
out western North America, where increasing evidence
points to the role of over a century of fire suppression,
exclusion of Indigenous peoples and their fire steward-
ship practices, and timber-oriented forest management in
disrupting historical fire regimes (Hagmann et al., 2013,
2021; Knight et al., 2022; Levine et al., 2022). In BC,
these impacts followed European colonization from the
mid-1800s and have resulted in widespread fire deficits

shaping these landscapes. As wildfires continue to impact ecosystems and human
communities, this study offers novel insights into the recovery of important
ecological and cultural values, while highlighting the need to support ethical
research collaborations with Indigenous communities and Indigenous-led revi-

talization of fire and plant stewardship.

British Columbia, disturbance ecology, ethnobotany, fire regime, Indigenous fire
stewardship, megafire, plant diversity

across many forest ecosystems (Baron et al., 2022;
Hagmann et al., 2021; Parisien et al., 2020). Many fire
scientists and land managers are now advocating
the need to ‘“restore fire-resilient landscapes”
(Hessburg et al., 2015), including through the restora-
tion of historical fire regimes (Hagmann et al., 2021).
Simultaneously, western-trained scientists are increas-
ingly recognizing the role of Indigenous cultural burn-
ing in shaping historical fire regimes (Copes-Gerbitz
et al., 2023) and associated biodiversity and ecosystem struc-
ture (Fletcher et al., 2021; Hoffman et al., 2021; Mariani
et al., 2022).

Improved understanding of understory plant commu-
nity responses to fire is particularly important given the
critical contribution of understory plants to biodiversity
and ecosystem functioning. In temperate and boreal for-
est ecosystems, understory plants contribute the majority
of vascular plant diversity (Halpern & Spies, 1995; Hart &
Chen, 2006; Kerns et al., 2006) and regulate a wide range
of ecosystem processes such as nutrient cycling, soil
fertility and retention, and energy flow (Gilliam, 2007).
Understory plants are also critical to many Indigenous
cultures as a source of food and medicines and
supporting cultural practices and connections to the
land (Deur & Turner, 2005; Ignace & Ignace, 2017;
Kuhnlein & Turner, 1991; Turner et al., 2013) and have
long been managed and maintained by Indigenous peo-
ples through frequent, low-severity burning (Anderson,
2005; Dickson-Hoyle et al., 2022; Gottersfeld, 1994;
Turner, 1999). However, there have been relatively few
studies in western North America of understory plant
community responses to wildfire, with most studies
occurring in the southwestern United States, the
Californian Sierra Nevada, or, to a lesser extent, in
Canadian boreal forests. Further, while recent collabora-
tive studies have examined the responses of single species
to prescribed or cultural fire or other restoration treat-
ments (see for e.g., Halpern, 2016; Hart-Fredeluces
et al., 2021; Marks-Block et al., 2019), to our knowledge,
none have examined the responses of a diversity of cul-
turally significant species to wildfire.
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Understory plants exhibit diverse responses to fire,
with community-level responses shaped by both the char-
acteristics of the fire, such as duration or severity, and
the attributes of species growing in and near the burn
area (Fornwalt & Kaufmann, 2014; Kerns et al., 2006).
Following a fire, recovery can follow three pathways. In
situ recovery is driven by individuals that survive within
the burned area; ex situ recovery is driven by off-site colo-
nization from outside the fire footprint; and nucleated
recovery is driven by survivors in fire refugia that re-
mained unburned or burned less severely (Downing
et al., 2020; Nimmo et al., 2022). These three pathways
are facilitated by a range of plant fire-adaptive traits,
such as the capacity to resprout (e.g., from underground
structures such as large taproots, corms, or rhizomes),
fire-cued seed germination or seed dispersal capacity, and
availability of and distance to propagule source (Clarke
et al, 2013; Morgan et al., 2015; Nolan et al., 2021;
Roberts, 2004; Stark et al., 2006).

Regeneration traits and associated plant community
responses are tightly linked to fire regime attributes. For
example, fire-resilient traits such as the ability to
resprout from below ground organs may provide an
advantage in low- to moderate-severity fire regimes,
but not protect against damage from high-severity
crown fire that results in high soil temperatures and con-
sumes structures located in organic layers (Midgley
et al., 2011; Miller & Safford, 2020; Nolan et al., 2021;
Stephan et al., 2010). In contrast, high-severity wildfire
can facilitate the establishment and spread of exotic
species (Crawford et al., 2001; Fornwalt et al., 2010;
Freeman et al., 2007), which are often seral
opportunists that can colonize open, disturbed habitats
and dominate immediate postfire environments
(Halpern, 1989).

Fire severity, defined as the immediate and direct
effect of fire on an ecosystem through loss or decomposi-
tion of organic matter (Keeley, 2009), is an important
driver of understory plant composition and structure
(Abella & Fornwalt, 2015; Burkle et al., 2015; Huisinga
et al., 2005; Morgan et al., 2015). However, the effects of
fire severity on understory plant communities are not
consistent across ecosystems and are generally poorly
understood (Abella & Springer, 2015). Studies across tem-
perate and boreal mixed conifer forests in western North
America variably found that species diversity increased
(Huisinga et al., 2005, 6 years postfire) or decreased
(Halpern & Antos, 2022, 2years postfire; Richter
et al., 2019, 5-14 years postfire) with high-severity fire;
that species richness peaked in low- to moderate-severity
burns (Richter et al., 2019, 5-14 years postfire); or that
communities in unburned areas either differed (Burkle
et al, 2015, 6-12years postfire) or were not

compositionally distinct (Day et al, 2017, 10 years
postfire) from burned areas. While understory species
richness has been shown to plateau as early as 3-4 years
postfire (Day et al., 2017; Wang & Kemball, 2005), other
studies highlight the effect of time since fire on species
richness or composition, with evidence of ongoing differ-
entiation or declines in diversity up to 10-15 years
postfire (Abella & Fornwalt, 2015; Abella &
Springer, 2015). For example, recent research found that
following moderate- and high-severity fires in ponderosa
pine and mixed conifer forests in California, alpha diver-
sity significantly declined and community divergence
between fire severity classes increased with time, up to
9 years after fire (Weeks et al., 2023).

In their review of different understory community
responses to wildfire across the Western United States,
Miller and Safford (2020) found that understory recovery
is contingent upon the historical fire regime. Specifically,
they hypothesized that postfire understory plant richness
would be maximized under the disturbance severity his-
torically associated with the given ecosystem. For example,
in ecosystems historically characterized by a frequent,
low-severity fire regime, such as low-elevation dry
ponderosa pine forests, high-severity fire would have a
negative effect on plant richness, relative to low- or
moderate-severity fire (Miller & Safford, 2020). Brodie
et al. (2021) further demonstrated that productivity medi-
ates the effect of fire severity on understory plants. They
found that higher productivity stands were associated
with greater postfire colonization by far-dispersing spe-
cies due to greater competitive release, through greater
changes in light and bare soil availability.

However, the lack of either experimental or observa-
tional studies examining continuous fire severity gradi-
ents, the limited studies on the effects of wildfire on
understory plants across ecosystem types, and the vari-
able findings described above mean that no conclusive
trends can be identified (Abella & Springer, 2015;
Miller & Safford, 2020). Understanding how the full spec-
trum of fire severity affects ecosystem responses is critical
for postfire ecosystem management (UNEP, 2022), biodi-
versity conservation, and the restoration of fire-adapted
and fire-prone forest ecosystems (Hart & Chen, 2008;
Keeley, 2009).

In this study, we examined the effects of fire severity
on understory plant community dynamics, with a focus
on plants of high cultural significance to the Indigenous
people of the Secwépemc Nation. To do so, we sampled
understory plant communities across a fire severity gradient
four years after the 2017 “Elephant Hill” wildfire that burned
throughout Secwépemc territory (Secwepemcfliecw).
Specifically, we aimed to determine: (1) how fire sever-
ity affected understory species richness, diversity, and

95UB917 SUOWIWIOD SAII1D 3|qeat|dde sy Aq peusenob ale sajoilie YO ‘8sh Jo SajnJ Joj AkeiqiauljuO 3|1 UO (SUONIPUOD-PUE-SWLIB)AL0D AB 1M Afe1q 1 BUIUD//:SANY) SUONIPUOD pUe SIS | 841 89S *[20Z/70/T0] Uo Akeiqi]aulluo A3|IM ‘S6/1'ZSI8/Z00T OT/I0p/W0D A8 1M Afelq1BulJUO'S feuLINo fese//:sdny wiouy papeojumoq ‘€ ‘¥20Z ‘SZ680STZ



40f20 |

DICKSON-HOYLE Er AL.

composition; and (2) whether effects varied across eco-
systems with distinct historical fire regimes. We hypoth-
esized the following:

1. Richness of native understory plant species and species
diversity are maximized when fire severity emulates the
historical fire regime, following Miller and Safford (2020).

2. Richness of exotic species is greatest following
high-severity fire, particularly in subalpine closed-canopy
forests where prefire resources are most limited.

3. Across all ecosystems, richness of species of high
cultural significance is greatest following low- to
moderate-severity fire, reflecting the role of Indigenous
fire stewardship practices.

METHODS
Study area and context

The study area is the mixed-severity “Elephant Hill”
wildfire, which burned 192,000 ha after igniting in the
southern interior of BC, near the Village of Ashcroft
(Figure 1). This wildfire—a human-caused wildfire ignited
by discarded smoking materials, likely a cigarette—was the
third-largest fire of the record-breaking 2017 fire season in
BC, which burned 1.2 million ha throughout the province.
The Elephant Hill wildfire burned across an elevational
gradient (500-1700 m above sea level [asl]) spanning

. Fire Severity
100 Mile House Unburned

Low Severity

Moderate Severity

Il High Severity

ponderosa pine, interior Douglas-fir, and higher elevation
mixed conifer forests, each characterized by distinct his-
torical fire regimes (Hagmann et al, 2021; Marcoux
et al., 2013; Pogue, 2017). The study area experiences a
temperate continental climate, strongly influenced by the
rain shadow of the Coast Mountains. Climate normals
(1981-2010) for Red Lake (50.94° N, 120.8° W, 1162 m
asl) and Bridge Lake (51.5° N, 120.79° W, 1155 m asl)
located southeast and north of study area, respectively,
had mean annual temperatures of 3.7 and 4.3°C, respec-
tively (mean monthly temperature of 14.3 and 15.5°C in
the warmest month of July) and mean annual precipita-
tion of 505 and 595 mm (303 and 380 mm as rainfall)
(Government of Canada, 2023).

The Elephant Hill wildfire impacted the traditional
and unceded territory of the Secwépemc Nation,
Secwepemcﬁiecw, a vast, ecologically and -culturally
diverse territory that extends over 150,000 km® through-
out the southern and central interiors of BC. The wildfire
directly affected the land under the caretakership of eight
Secwépemc communities (First Nations), centered on
the territory of Stuxwtéws (Bonaparte First Nation). In
response to these impacts and concerns over under-
story plant recovery, these Secwépemc communities
issued a Declaration on the Understory in the Forests of
Secwepemcuiecw, asserting Secwépemc jurisdiction over
the understory and the importance of understory
plants to Secwépemc people, economies, and culture
(Dickson-Hoyle & John, 2021). Our collaborative study

Forest Type
I Submontane
Montane
Subalpine
O Plot Locations

wildfires (2017-2022)

Ashcroft

FIGURE 1

Kamloops

Study area map. Left: The Elephant Hill wildfire and surrounding wildfires (2017-2022). Fire severity classes for the

Elephant Hill wildfire are shown based on modelled Composite Burn Index. Right: The distribution of forest types within the Elephant Hill

wildfire perimeter and the location of understory plant plots (n = 66).
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with Stuxwtéws was initiated by former Kukpi7 (Chief)
Ryan Day, who invited us to partner with them to help
understand the impacts of this fire on these important
ecocultural values, and trajectories of ecosystem recovery.
The study area has a long history of both human and
natural disturbance. Secwépemc people have lived in
and actively managed this landscape for over
10,000 years (Ignace & Ignace, 2017) including through
regular, intentional burning to manage understory plant
resources (Dickson-Hoyle et al., 2022; Peacock
et al., 2016). Historical reconstructions indicate diverse
fire regimes across ecosystem types prior to colonial fire
exclusion and fire suppression policies introduced in the
late 1800s (Christianson, 2015; Copes-Gerbitz et al., 2023)
and the increased effectiveness of fire suppression from
the early to mid-1900s (Copes-Gerbitz et al., 2022). In the
southern interior of BC, mean fire return intervals
derived from fire scars and forest demographics range
from 10 to 20 years in low-elevation dry forests (Harvey
et al., 2017; Heyerdahl et al., 2007) and 20 to 50 years in
mid-elevation montane forests (Brookes et al., 2021;
Chavardés et al., 2022; Copes-Gerbitz et al., 2023). In
high-elevation subalpine forests that lack fire scars, con-
temporary fire-free intervals range from 100 to 350 years
(Marcoux et al., 2013, 2015). Across this elevational gradi-
ent, multiple studies highlight the influence of low- and
mixed-severity fire regimes throughout dry forest ecosys-
tems and the important contribution of Indigenous cul-
tural burning (Copes-Gerbitz et al., 2023; Hessburg et al.,
2019). Since the early 20th century, a provincial govern-
ment focus on fire suppression and managing forests for
timber values has led to a disruption of these historical
fire regimes (Copes-Gerbitz et al., 2022). Extensive log-
ging and cattle grazing have also impacted, and continue

FIGURE 2

to impact, the composition and configuration of forests
and understory plant communities.

Field sampling

In 2018, the first growing season after the Elephant Hill
wildfire, we selected and established plots throughout the
burned area using a stratified random sampling design
(Figure 1). We stratified the study area based on forest
type (submontane, montane, and subalpine) along eleva-
tion and temperature-moisture gradients, and fire sever-
ity class (unburned, low, moderate, and high), based on
differenced normalized burn ratio (dNBR) (Key &
Benson, 2006) derived from 30-m multispectral Landsat
Collection 2—Landsat 8 Operational Land Imager
(US Geological Survey, 2018) taken before (July 5, 2017)
and after (August 22, 2017) the fire. Due to the lack of
prefire vegetation data, the unburned plots served as control
treatment plots. We updated this preliminary fire severity
map using images taken on clear days one year later
(August 9, 2018), as the previous imagery was taken approx-
imately two weeks before the fire was fully suppressed.
Submontane  forests comprised low-elevation
(475-900 m asl) sites in hot-dry climates, with open-canopy
forests dominated by Pinus ponderosa (ponderosa pine) or
Pseudotsuga mengiesii var. glauca (interior Douglas-fir),
corresponding to the Ponderosa Pine Biogeoclimatic
Ecosystem Classification (BEC) zone. Montane forests com-
prised mid-elevation (800-1200 m asl) sites in warm-dry
to mesic climates, with closed-canopy forests dominated
by interior Douglas-fir, corresponding to the Interior
Douglas-fir BEC zone. Montane forests were the dominant
ecosystem across the study area (Figures 1 and 2).
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Plots in the montane forest type, dominated by Pseudotsuga menziesii var. glauca (interior Douglas-fir). Left: Unburned plot.

Right: Plot that burned at high severity, one year postfire (2018). Photo credit: UBC Tree-Ring Lab.
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Subalpine forests comprised high-elevation (1000-1700 m)
plateaus with cool-mesic climates and closed-canopy for-
ests dominated by Pinus contorta var. latifolia (lodgepole
pine) or Picea engelmannii X glauca (hybrid white
spruce), with Abies lasiocarpa (subalpine fir) codominant
at the highest elevations. Subalpine forests corresponded
to the Montane Spruce, Sub-Boreal Pine Spruce, and
Engelmann Spruce—Subalpine Fir BEC zones. Due to
extensive logging and historic wildfires across the
high-elevation plateaus, subalpine forests also included
areas of planted and naturally regenerating lodgepole
pine. At the northern extent of the study area, montane
and subalpine forest types also included stands domi-
nated by the deciduous species Populus tremuloides
(trembling aspen). Across interior BC, these three for-
est types (submontane, montane, and subalpine) were
historically characterized by frequent, low-severity fire
regimes, mixed-severity fire regimes, and infrequent,
high-severity fire regimes, respectively (Hessburg et al.,
2019; Marcoux et al., 2013).

Plot centers were randomly generated between
50 and 500 m from roads to minimize road edge effects
while optimizing accessibility. We surveyed a total of
64 plots and departed from a fully balanced design due to
the dominance of montane forests and the classification
of fire severity class based on Composite Burn Index
(CBI) following field verification (see below).

To assess fire severity one-year post-fire (in 2018), we
used nested circular plots around plot centre to sample
fire impacts on five strata: A) ground (substrates and
woody debris); B) herbs, ferns, mosses and bryophytes;
C) shrubs; D) sub-canopy trees; and E) canopy trees.
Within a 5.64-m radius plot, we recorded the percent of
ground that was scorched with exposed mineral soil and
measured the depth of burn class (Ryan, 1982). Woody
debris, including stems and branches with diameter
>1 cm, were sampled along two perpendicular 30-m tran-
sects crossing at plot center. For each plot, we recorded
the percent of wood pieces that were charred. We also
assessed three understory plant strata (mosses and bryo-
phytes; herbs and ferns; and shrubs) in the 5.64-m radius
plot. For each plant stratum, we estimated the percent
of plants that were discolored, damaged, or killed by fire.
A 11.28-m radius plot was used to assess large trees
(dbh > 12.5cm). To sample 15-20 small trees
(5 cm < dbh < 12.5 cm), we used a plot radius of either
5.64 or 3.99 m, depending on tree density. For each live
tree or snag with intact branches or bark (decay classes
3 or 4 in Thomas, 1979), which were assumed to have
been killed by the fire, we recorded the following
three attributes: bark char height (in meters); percent
crown scorch (to nearest 10%, based on estimate of
percentage space occupied by prefire crown); and crown

scorch using a qualitative scale assessed in terms of
crown discoloration as follows: 0: unaffected, green;
1: very light, green/yellow; 2: light, yellow; 3: medium,
orange/red; 4: severe, brown/black; 5: no foliage, dead
prior to fire.

Four years postfire (between June and August 2021),
we sampled understory plant composition and abun-
dance in the 64 existing plots, plus in two additional
unburned plots established in the montane forest type,
as this class was underrepresented (n = 66 plots).
Based on previous studies in similar ecosystems, this
period since fire was determined to be sufficient to
identify trajectories of species recovery and composi-
tional gradients associated with fire severity (Abella &
Fornwalt, 2015; Day et al., 2017). At each plot, species
and abundances were recorded in four 1.128-m radius
subplots, each located at one end of the two 30-m tran-
sects crossing at plot center. We visually estimated per-
cent canopy cover for each live vascular species,
excluding tree species, rooted in the subplots. Species
with less than 1% cover were recorded as 0.5% cover. If
a plant could not be identified to species level in the
field, a specimen of the same species was collected and
later identified. All vascular plants were recorded to
the species level except for a small number of species
including Salix spp., five Carex spp., and a number of
plants in the Poaceae family (n =4) or Hieracium
genus (n = 2), for which there was insufficient vegeta-
tive or reproductive material. Nomenclature followed,
and nativity was determined using, E-Flora BC—electronic
atlas of the flora of British Columbia (E-Flora BC, n.d.,
https://linnet.geog.ubc.ca/biodiversity/eflora/index.html
[accessed February 2022]).

Each species was categorized into one of three func-
tional groups—forbs, graminoids, and woody plants—
and classified as either native or exotic. We further
categorized all plants according to their level of “cultural
significance” by cross-referencing our species list with a
database of culturally significant plant species provided
under a data-sharing agreement by Skeetchestn Indian
Band, a Secwépemc community. This database includes
uses of plants (e.g., medicinal, food, and technological)
and levels of “significance” (high, medium, or low) to
Skeetchestn community members.

Understory species total richness was calculated as
the number of species recorded within the four 1.128-m
radius subplots at each plot (combined total for each
plot, 16 m? total area). For each plot, we also calculated
the richness of the subsets of native, exotic, and
high cultural significance species. Alpha diversity of all
species was calculated for each plot using the
Shannon-Weiner diversity index (Shannon diversity),
calculated as
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H'= - Z(pi)(lnpi)’

where H' is the Shannon-Weiner index number measur-
ing uncertainty/unpredictability and p; is the proportion
of all individuals that belong to species i.

Composite burn index calculation and fire
severity classification

The CBI (Key & Benson, 2006) represents the variable
effects of fire across forest strata, encompassing multiple
potential drivers of understory plant community response,
such as bare ground or reduction in canopy cover. We
modified the methods developed by Key and Benson
(2006) to minimize assumptions of prefire vegetation
abundance and condition. We then used our field data to
calculate CBI scores (continuous scale of 0-3) for the
ground, herb, shrub, sub-canopy tree, and canopy tree
strata (Appendix S1: Table S1) and mean CBI across these
strata for each plot. To distinguish the effects of surface
fire from crown fire, we also calculated “understory CBI”
as the average of CBI components A-C (fire impacts on
the ground layer, herbs, ferns, mosses and bryophytes,
and shrubs) and “overstory CBI” as the average of com-
ponents D-E (fire impacts on the sub-canopy and
canopy).

Plots were classified based on CBI values as follows:
unburned <0.50; low severity 0.50 < CBI < 1.50; moder-
ate severity 1.50 < CBI < 2.50; high severity >2.50. Based
on this classification, there were 17 unburned plots,
5 plots burned at low severity, 10 plots burned at
moderate severity, and 34 plots burned at high severity.
Due to the low number of low-severity plots, a combined
“low-moderate” severity class was used (n = 15) for linear
regression modelling; separate low- and moderate-severity
classes were retained for indicator species analysis and ordi-
nation analysis.

Statistical analyses

All statistical analyses were conducted in R version 4.1.2
(R Core Team, 2022) with o = 0.05. Understory species
richness (total, native, exotic, and high cultural signifi-
cance) and diversity (total) were modelled as functions of
CBI, forest type, and their interaction, with understory
and overstory CBI fit separately due to collinearity. For
total, native, exotic, and high cultural significance species
richness, we fit Poisson-distributed generalized linear
models; we tested for overdispersion and used a
quasi-Poisson distribution in the case of overdispersion.

For species diversity, we fit multiple linear regression
models. All models were then fit with fire severity classes
in place of understory or overstory CBI to explore any
differential effects compared with the continuous CBI
variables. Model assumptions were verified by testing for
normality and heteroscedasticity of residuals. Backward
stepwise selection was conducted to remove interactions
terms where doing so improved model fit, using p-values
(F-test or Chi-squared test) as a selection criterion
(Appendix S1: Table S2). We then conducted post hoc
Tukey’s tests to determine differences in model predic-
tions using “emmeans” package (Lenth et al., 2023).

We conducted indicator species analysis to test the
strength of correlations between the abundance of
understory vascular plant species at the plot scale and
fire severity classes using the “indicspecies” package
(De Caceres et al., 2022). Indicator species for each fire
severity class, defined as those that are found mostly
within a defined severity class and present in the majority
of plots within that severity class (Dufréne & Legendre,
1997), were identified by calculating an indicator value
index.

We performed non-metric multidimensional scaling
(NMDS) to assess differences in community composition,
using species abundance data for each plot using
the vegan package (Oksanen et al., 2022). A
three-dimensional solution was selected by plotting
stress against the number of dimensions to optimize
dimensionality and model fit (McCune et al., 2002); stress
for the three-dimensional solution was 0.14. Data values
were transformed using a Wisconsin double standardiza-
tion and square root transformation. Distance was calcu-
lated using the Bray-Curtis dissimilarity metric for
species abundance (cover) data from 66 plots; rare species
were not removed (Poos & Jackson, 2012). A single ordi-
nation, with a maximum of 100 iterations, was performed
and converged after 20 iterations. Result scaling was stan-
dardized to facilitate interpretation by centering, applying
principal components rotation, and half-change scaling.
Species scores were added to the final solution as
weighted averages. We added covariance ellipses to visu-
alize plot groupings by fire severity class. We compared
community composition among fire severity classes
(unburned, low, moderate, and high) using an analysis of
similarities (ANOSIM) test with Bray—Curtis distance and
9999 permutations.

RESULTS

We recorded 196 understory plant species across the 66
plots, comprising 128 forb species, 40 graminoids and 28
woody species (shrubs and subshrubs). Of the 196 species,
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155 (79%) were native, 33 (17%) were exotic, and 8 species
(4%) could only be identified to family or genus level and
could not be confirmed as native or exotic. Three species—
Centaurea stoebe subsp. micranthos (spotted knapweed),
Cirsium arvense (Canada thistle), and Sonchus arvensis
(perennial sowthistle)—are classified as noxious weeds
in the Province of BC, and an additional two species—
Cirsium vulgare (bull thistle) and Tragopogon dubius
(yellow salsify)—are identified as invasive plants of
concern in BC (Invasive Species Council of BC, 2021).
Of the 196 species, 98 (50%) have a documented and
ongoing cultural use by Secwépemc people, including
for food, medicinal, or technological purposes, and
31 species (16%) are identified by Skeetchestn as being
of high cultural significance. Of these 31 species,
13 (42%) are perennial forbs and 18 (58%) are shrubs;
8 (26%) were recorded in only one plot.

Across all plots, the most frequently recorded spe-
cies were Achillea millefolium (yarrow, 75% of plots),
Epilobium angustifolium (fireweed, 74%), Taraxacum
officinale (common dandelion, 73%; an exotic species),
Calamagrostis rubescens (pinegrass, 68%), and Rosa
acicularis (prickly rose, 62%). The most frequent spe-
cies of high cultural significance were prickly rose,
Fragaria virginiana (wild strawberry, 48% of plots),
Eurybia conspicua (showy aster, 41%), Arctostaphylos
uva-ursi (kinnikinnick, 35%), and Salix spp. (willows,
29%). A large proportion of species (n = 112, 57%) were
rare, being recorded in three plots or fewer; 65 species
(33%) were recorded in only one plot.

Species richness and diversity

Model results show that species richness and
diversity were significantly affected by fire severity (see
Appendix S1: Table S2), although the magnitude and
direction of CBI effects varied among native, culturally
significant, and exotic species (Figure 3).

Across all forest types, richness of both native spe-
cies and species of high cultural significance decreased
significantly with increasing CBI, with similar magni-
tudes of effect for understory (Figure 3; p < 0.001 and
<0.002, respectively) and overstory (data not shown;
p < 0.001 for both native and culturally significant spe-
cies) CBI. These richness values were significantly
related to fire severity class (p = 0.008 and p = 0.018,
respectively): despite no significant pairwise contrasts,
model-derived mean richness of native species (14, 95%
CI = 12, 16) and richness of species of high cultural sig-
nificance (3, 95% CI = 3, 4) were lowest in plots that
burned at high severity (Figure 4). While native species
richness was greatest in unburned plots (17, 95%

CI = 15, 20), richness of species of high cultural signifi-
cance was greatest in plots that burned at low to moder-
ate severity (5, 95% CI = 4, 6). Richness of both native
species (21, 95% CI = 18, 24) and species of high cul-
tural significance (6, 95% CI 5, 7) was significantly
greater in subalpine forests than in montane
(p = 0.001, p = 0.008, respectively) or submontane for-
ests (p < 0.001).

In contrast, the effects of fire severity on the richness
of exotic species significantly interacted with forest
type (Figure 3). The strongest effects of CBI were
observed in montane forests, in which richness of
exotic species showed significant increases with
increasing understory and overstory CBI; the magni-
tude of the effect on richness of exotic species was
approximately 10% greater for overstory CBI than for
understory CBI. Richness of exotic species in montane
forests was significantly greater in plots that burned at
low to moderate severity (4, 95% CI = 3, 5; p = 0.003)
and high severity (3, 95% CI = 2, 4; p = 0.006), com-
pared with unburned plots (1, 95% CI = <1, 2) (Figure 4).
The 95% CIs for the slope coefficients for understory and
overstory CBI in submontane and subalpine forests indi-
cated uncertainty as to the effect on richness of exotic
species.

Shannon diversity for all species was significantly
affected by understory CBI, but not by overstory CBI or
fire severity class. Understory CBI interacted with forest
type to affect species diversity (Figure 3; p = 0.042).
Shannon diversity decreased with increasing under-
story CBI in montane and subalpine forests. However,
the 95% CIs for the slope coefficient for understory CBI
in submontane forests indicate uncertainty as to its
effect.

Indicator species

Ten indicator species were identified that distinguished
fire severity classes (Table 1). Nine of the fire severity
indicator species are forbs, and one is a woody species.
Three of the indicator species are of high cultural sig-
nificance, all of which indicated relatively low-severity
fire (i.e., two indicated only low severity and one indi-
cated unburned to moderate-severity fire). In addition,
Epilobium angustifolium (fireweed) was identified as
an indicator of burned sites. While this species is listed
as being of “medium” cultural significance and was not
included in our analyses of species of high cultural
significance, some Secwépemc people consider it an
important medicinal plant (M. Ignace, personal com-
munication, 2022). Two indicator species are exotic,
one of which indicated high-severity fire.
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FIGURE 3 (a-c) Significant but differential effects of plot understory Composite Burn Index (CBI), as a metric of fire severity, on

species richness (a, native species; b, species of high cultural significance; c, exotic species) and (d) Shannon diversity. Dashed and solid lines
show the modelled effect of understory CBI on richness and diversity for each forest type; colored bands represent the 95% CIs. * indicates
significant effects of both understory CBI and forest type on species richness. ** indicates significant interaction effect between understory

CBI and forest type. Raw data are overlaid as points.

Community composition

NMDS revealed distinct differences in understory plant
community composition between unburned and
high-severity classes (Figure 5). While low- and
moderate-severity plots showed a high degree of similar-
ity in community composition, there was a degree of sep-
aration from the unburned and high-severity classes.
ANOSIM found a significant effect of fire severity class
(R =0.146, p = 0.008) on understory plant community
composition, corroborating the differences between unbur-
ned and high-severity classes. Further, across all fire sever-
ity classes, subalpine plots tended to cluster along axis 1 of
the NMDS, separated from plots in submontane or mon-
tane ecosystems (Figure 5).

Of the 196 species considered in the ordination,
54 contributed significantly to differences in community

composition: 49 of these are native and 5 are exotic species.
Thirteen species are of high cultural significance, 9 (69%) of
which are shrubs and the majority of which are closely asso-
ciated with unburned plots or low-severity plots. All exotic
species are associated with plots that burned at moderate
to high severity; these include annual hawksbeard and
common dandelion, identified above as indicators of
high-severity fire and burned plots, respectively.

DISCUSSION

Fire severity, measured by CBI, was a significant driver of
species richness and diversity across all forest types, with
both native species richness and richness of species of high
cultural significance negatively affected by increasing sever-
ity, and Shannon diversity negatively affected by understory

85UB01 7 SUOWILLIOD BAFe81D) 8|edl|dde au Aq peusenob aJe sajole YO ‘8sn JO S8l 1o} A%eiqiT 8UIlUO A1 UO (SUOpUoO-puUe-SULBH D™ A8 | I AReiq Ul |UO//:SdNY) SUORIPUOD PUe SWB | 8y} 88S *[7202/70/T0] Uo Ariq1T8uluO AB]IM ‘G6L1ZSI8/200T OT/I0p/Wwod A8 | im Areiqjuljuo's feuIno fess//sdny woly papeojumoq ‘€ ‘¥20Z ‘52680STZ



10 of 20 DICKSON-HOYLE ET AL.
a* Submontane | | Montane | | Subalpine
@ 30 ‘ .
(<] ° °
c
=
.g [N J °
% 20 .. v
S ®
= | | .
2 10 —— =
=
©
=z

Unburned Low-Mod High
Fire severity class

*

Unburned Low-Mod High

Unburned Low-Mod High

Submontane | | Montane

| | Subalpine

—
o
o

N
o

|

Cultural species richness o
(&)
o

0.0
Unburned Low-Mod High Unburned Low-Mod High Unburned Low-Mod High
Fire severity class
c *# Submontane | | Montane | | Subalpine |
[}
8 °
£75 a . Forest type
3]
5 a b b Submontane
© 5.0 a Montane
8 : . a e Subalpine
& 25 a - 2
L °
pre ®
1w 0.0 °® - °
Unburned Low-Mod High Unburned Low-Mod High Unburned Low-Mod HiQh
Fire severity class
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* indicates significant effects of both fire severity class and forest type on species richness. ** indicates significant interaction effect between
fire severity and forest type. For panel c, letters compare model-estimated means within each forest type; no significant pairwise contrasts
were found for a or b, despite significant effects of fire severity and forest type. Raw data are overlaid as points.

fire severity in both montane and subalpine forests. These
findings, which are consistent across different forest types

each characterized by a distinct historical fire regime, con-

trast with previous studies and ecological theory that predict

that understory plant response to fire is contingent on the 2.
historical disturbance regime that shaped the respective
ecosystem (Miller & Safford, 2020).

Specifically, we found that:

1. High-severity fire negatively impacted native species
richness and species composition across all forest

types, and Shannon diversity in both montane and
subalpine forests, each characterized by distinct
historical fire regimes; these results contrast with
hypothesis 1.

In montane forests, richness of exotic species incr-
eased with increasing fire severity and was greatest in
burned than in unburned plots, providing support
for hypothesis 2. However, fire severity negatively
affected richness of exotic species in subalpine forests,
with high uncertainty, contrasting with the second
component of hypothesis 2.
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TABLE 1 Indicator species of fire severity classes.
Species’ scientific name (common name) Specificity Fidelity Indicator value p
Unburned
Lathyrus nevadensis (purple peavine) 1.0 0.24 0.24 0.042
Low severity
Balsamorhiza sagittata + (arrow-leaved balsamroot) 0.84 0.60 0.50 0.004
Penstemon fruticosus + (shrubby penstemon) 0.76 0.40 0.30 0.026
Sedum lanceolatum (lance-leaved stonecrop) 0.87 0.40 0.35 0.017
High severity
Crepis tectorum* (annual hawksbeard) 0.90 0.41 0.37 0.05
Unburned, low, and moderate severity
Fragaria virginiana + (wild strawberry) 0.86 0.63 0.54 0.044
Symphyotrichum foliaceum (leafy aster) 0.94 0.47 0.44 0.019
Burned: Low, moderate, and high severity
Epilobium angustifolium (fireweed) 0.98 0.86 0.84 0.001
Epilobium brachycarpum (tall annual willowherb) 1.0 0.43 0.43 0.040
Taraxacum officinale* (common dandelion) 0.91 0.84 0.76 0.011

Note: Species of high cultural significance are indicated by +; exotic species are indicated by *. Specificity is the probability that the plot belongs to the
fire severity class, given that the species has been found. Fidelity is the probability of finding the species in plots belonging to the particular fire
severity class. Species with values of “1” are considered to have complete specificity or fidelity. The indicator value is the product of these two

components.
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FIGURE 5 Nonmetric multidimensional scaling (NMDS) bi-plot of plant community composition data across all plots. Each

point represents a single plot (n = 66) in community composition space. Points closer to each other have more similar

understory species composition than points farther apart. Ellipses visualize clustering of plots within each fire severity class.
Species labels for species of high cultural significance are overlaid. Points closer to a species label have a relatively higher
proportion of that species than points further away. Species corresponding to abbreviated species codes can be found in Appendix S1:

Table S3.

3. Richness of species of high cultural significance was
greatest in areas that burned at low to moderate severity,
and species of high cultural significance were more

closely associated with plots that burned at low to mod-
erate severity, reflecting the role of Indigenous fire stew-
ardship practices and supporting hypothesis 3.
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High-severity fire negatively impacts
native species across forest types

We found little support for hypothesis 1, that the effect of
fire severity on native understory plant richness is contin-
gent upon the historical fire regime that shaped plant
evolutionary processes (Brodie et al., 2021; Miller &
Safford, 2020; Richter et al., 2019). In contrast, across
all forest types and historical fire regimes, richness of
native species declined with increasing fire severity.
Further, total species diversity declined with increasing
understory fire severity in montane and subalpine
forests.

Native species richness was lowest in plots that
burned at high severity, compared with unburned or
low-moderate fire severity plots. Contrary to our expecta-
tions, this remained true in the subalpine forests that are
characterized by an infrequent, high-severity fire regime,
and should be adapted to this disturbance severity. These
results contrast with previous studies in forests histori-
cally characterized by infrequent, high-severity fire that
found a positive relationship between species richness and
fire severity (Brodie et al., 2021; Miller & Safford, 2020).
The negative effects of fire severity on richness of native
species and diversity of all species were reflected in the
NMDS analysis, which showed a lack of similarity in spe-
cies composition between unburned and high-severity
plots across all forest types, four years after fire. Across
all forest types in our study area, our findings of lower
richness of native species associated with high-severity
fire, and the compositional dissimilarity between
unburned plots and those that burned at high severity,
demonstrate low resilience to and limited short-term
(and potentially longer term) understory recovery fol-
lowing high-severity fire.

Hypothesis 1, that historical fire regimes mediate the
effect of fire on native understory species richness
and diversity, is contingent on contemporary distur-
bances being within the historical range of variability
(Brodie et al., 2021; Stephens et al., 2014). The negative
effects of increasing fire severity on richness of native
plants and diversity of all species in subalpine forests in
our study area may be due to the extensive, contiguous
patches that burned at high severity, which characterized
this megafire. The extent of these patches increased
the distance to off-site seed source, potentially beyond
the dispersal capacity of species that would otherwise
drive recolonization in these forest types (Nolan
et al., 2021). Pre- and postfire disturbances, including
clear-cut harvesting and salvage logging, may have fur-
ther contributed to slower postfire recovery by altering
understory species composition and propagule availabil-
ity in both burned and unburned stands.

Exotic species richness increases postfire
in montane forests

Following the first component of hypothesis 2—that
predicted richness of exotic species would be greatest fol-
lowing high-severity fire—we found a strong positive rela-
tionship between fire severity and richness of exotic species
in montane forests. This finding is consistent with previous
studies in dry mixed conifer forests in the western United
States that reported an increase in exotic species following
fire (Abella & Fornwalt, 2015; Fornwalt et al., 2010) or
higher richness of exotic species in areas that burned at
high severity compared with unburned areas (Crawford
et al.,, 2001; Freeman et al., 2007). Increases in exotic
species, particularly those that are short-lived and
far-dispersing, can be facilitated by the postfire increase in
the availability of light and bare mineral soil, and microsite
conditions conducive to their establishment (Brodie
et al.,, 2021; Roberts, 2004). The strong effect of overstory
CBI on richness of exotic species suggests that reduced can-
opy cover and associated microsite changes, such as
increased surface microtopography from tip-up mounds or
increased coarse woody debris (Roberts, 2004), facilitated
establishment of exotic species postfire in our study area.

Fire severity had a negative effect on richness of
exotic species in subalpine forests, with high uncer-
tainty. This finding is contrary to the second component
of hypothesis 2, that severe fire in light-limited
closed-canopy subalpine forests would facilitate exotic
species. Hypothesis 2 was supported by Brodie et al.
(2021), whose study of understory plant community
response in California’s subalpine forests found that
short-lived and far-dispersing colonizer species showed
a greater increase with increasing fire severity than
long-lived and near-dispersing species. They found that
this pattern was more pronounced in higher productivity
stands, with evidence of competitive release as a key
mechanism for this increased richness. In contrast, in the
subalpine forests in our study area, exotic species richness
was potentially negatively affected by fire severity. As was
the case with native species, this is potentially due to the
extensive, contiguous patches that burned at high severity,
limiting off-site seed dispersal, although further monitor-
ing and research on fire effects in subalpine ecosystems is
needed.

The lack of a clear effect of fire severity on exotic spe-
cies in the submontane forests in our study area also
contrasts with previous research. Crawford et al. (2001),
Dodson and Fiedler (2006), and Freeman et al. (2007) all
demonstrated a significant increase in the richness or abun-
dance of exotic species following wildfire or prescribed
burning in dry ponderosa pine forests. While the effect of
fire severity was not apparent in our study, overall exotic
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species richness was higher throughout the submontane
(ponderosa pine-dominated) forest type. Presence of exotic
species is likely the result of interacting disturbances
at lower elevations, including cattle grazing, rangeland
seeding with pasture grasses, and proximity to roads, all of
which can facilitate spread of exotic species (Christen &
Matlack, 2009; Lozon & Maclsaac, 1997; Meunier &
Lavoie, 2012; Peppin et al., 2010; Pyke et al., 2013).

Postfire conditions favor colonizer species that rapidly
establish following disturbance and take advantage of
reduced competition (Brodie et al., 2021; Freeman
et al., 2007; Morgan et al., 2015). While we did not explic-
itly test for the effect of fire severity on colonizer-type
species—those with short lifespans and long-distance dis-
persal capabilities—approximately 50% of the 33 exotic
species we recorded were short-lived (annual or biennial)
forbs or graminoids. For example, Crepis tectorum (annual
hawksbeard) was recorded in 16 plots, was indicative of
high-severity fire (Table 1), and was strongly associated
with plots that burned at high severity (Figure 5). The
invasive annual graminoid Bromus tectorum (cheatgrass)
was also recorded in 14 plots. While Strand et al. (2019)
found that cheatgrass was more likely to occur in areas
that burned at low or moderate severity, we recorded this
species in seven plots (50%) that burned at high severity,
while the remaining seven plots were unburned or burned
at low or moderate severity. Cheatgrass can also be intro-
duced through postfire rehabilitation of fireguards and
infrastructure reconstruction (Fornwalt et al., 2010), which
were extensive in this study area. This invasive species rap-
idly establishes and spreads following fire and can create
positive feedbacks, with even a low cover of cheatgrass
increasing fire potential (Balch et al., 2013; Bradley
et al.,, 2018; Peeler & Smithwick, 2018). This ability of
non-native invasives to persist and potentially increase fol-
lowing high-severity fire (Abella & Fornwalt, 2015;
Dodson et al., 2008; Fornwalt et al., 2010) and to alter fire
regimes—for example, through altered burn probabilities
and mean fire size (Tortorelli et al., 2023)—is signifi-
cant given concerns about potential climate and
disturbance-driven range expansions of exotic species
throughout western North America. Further, the positive
relationship between high-severity fire and exotic species
raises concerns regarding the loss of cultural values in
post-wildfire landscapes, given that the majority of exotic
plant species in the region are not identified by
Secwépemc people as being of cultural significance.

The ecological and cultural significance of
low-severity fire and subalpine forests

Richness of species of high cultural significance was
greatest in areas that burned at low-moderate severity

and lowest in areas that burned at high severity,
supporting our hypothesis 3 that richness of species
of high cultural significance would reflect the role
of Indigenous fire stewardship in actively managing
numerous plant species. This practice of frequent,
low-severity burning was, and in many places continues
to be, a common form of vegetation management by
Secwépemc people and other Indigenous peoples
throughout western North America, used to promote
berry production (Lepofsky et al., 2005; Turner, 1999),
increase the quality of construction and basketry mate-
rials (Anderson, 2005; Marks-Block et al., 2019), and
promote regeneration of herbaceous food and medicine
plants (Dickson-Hoyle et al., 2022; Stewart, 2009). Our
results support the role of low- to moderate-severity fire
in stimulating the regeneration of such species and the
need to support Indigenous peoples in revitalizing their
traditional roles and practices of fire stewardship
(Hoffman et al., 2022), including to restore traditional
plant resources.

Three indicator species of high cultural significance
were also associated with either low-severity fire or a
combination of unburned, low- and moderate-severity
fires (Table 1). One of these species, Balsamorhiza
sagittata (arrow-leaved balsamroot), provided a significant
food source for Secwépemc people (Peacock et al., 2016).
In addition, the cultural keystone species Lomatium
macrocarpum (large-fruited desert parsley) was also asso-
ciated with plots that burned at low and moderate sever-
ities, based on NMDS compositional analysis. Both of
these species have the capacity to resprout from large
taproots and were historically managed through fre-
quent burning at approximately 5- to 10-year intervals
(Peacock et al.,, 2016). Members of the Skeetchestn
Secwépemc community continue to burn to promote
L. macrocarpum, among other cultural keystone species
(Dickson-Hoyle et al., 2022).

While richness was significantly affected by fire sever-
ity class, the absence of statistically significant contrasts
may have arisen from merging low- and moderate-severity
classes due to the limited low-severity fire, and the unbal-
anced sampling design across fire severity classes.
However, we found a clear negative effect of
high-severity fire on culturally significant plants in our
study area. This pattern is of concern given the large
extent of high-severity effects within the fire perimeter
and subsequent high-severity megafires burning near our
study area and throughout Secwépemc territory in 2018,
2021, and 2023 (BC Wildfire Service, 2023). In addition to
the direct negative impacts of high-severity fire on cul-
tural plant resources, representatives from Skeetchestn
and other Secwépemc communities have expressed con-
cern that the extensive area burned at high severity by
wildfires in their territory is limiting the potential for
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reintroducing cultural or prescribed burning, and
therefore restoration (S. Freeman, personal communi-
cation, 2022).

It is noteworthy that high cultural significance species
richness was greatest in the subalpine forests. This find-
ing reinforces both the ecological and cultural impor-
tance of high-elevation landscapes for the Secwépemc
and other Indigenous peoples in interior BC (Lepofsky
et al.,, 2005; Reimer, 2000; Turner et al., 2011; Tyhurst,
1992). Existing research on Indigenous stewardship of
cultural plants in interior BC has often focused on river-
ine valleys and low- to mid-elevation grasslands and dry
forests, yielding rich archaeological and ethnobotanical
records for these ecosystems. Our research complements
these studies and provides new insights into the contem-
porary availability of culturally important plants in subal-
pine ecosystems.

For example, the three plots with the greatest rich-
ness of high cultural significance species were all in sub-
alpine forests. Most high cultural significance species in
these plots were woody species, including Alnus
alnobetula  subsp.  sinuata  (sitka alder) and
berry-producing shrubs such as Rubus idaeus (red rasp-
berry), Rubus parviflorus (thimbleberry), and Ribes
lacustre (black gooseberry). These species are all rela-
tively resistant to fire kill and are able to resprout from
surviving rhizomes and root crowns (Haeussler
et al., 1990; US Forest Service, 2022). Studies have shown
significant increases in the cover of these species even fol-
lowing severe fire and germination from both in situ seed
beds and off-site colonization through avian-mediated
seed dispersal (Haeussler et al., 1990). The resilience of
these shrubs to high-severity fire is reflected in our
results, whereby the two plots with highest richness of
high cultural significance species burned at high severity.
However, it should be noted that one of these plots was
in a riparian area and therefore likely had higher prefire
cultural species richness, and potentially faster recovery.

Early successional postfire communities can provide
important habitat structures and resources for culturally
important animals, such as shrub browse for native
ungulates. While we observed vigorous resprouting of
sitka alder and willows in subalpine forests, many of the
culturally significant shrubs recorded in plots that burned
at high severity were seedlings, immature plants, or
plants that were resprouting but had relatively low vege-
tative cover. As such, at four years postfire, high species
richness does not necessarily correspond to high use
value such as berry production or for construction mate-
rials. However, anecdotal reports from Secwépemc com-
munity members in the summer of 2023 (6 years postfire)
indicated high production of sxtisem (Shepherdia
canadensis, soapberry) berries within the Elephant Hill

wildfire area. As such, longer term monitoring will be
important to better understand the relationship between
time since fire and the recovery of these cultural values.
This diversity of plant resources in subalpine forests
adds support, in the form of contemporary ecological evi-
dence, to the importance and practice of a “seasonal
round,” where Indigenous stewardship practices create
“patches of resources distributed over both time and
space” (Peacock et al., 2016, p. 196). Turner et al. (2016,
p- 9) describe how, as part of this seasonal round in
Secwepemcﬁiecw, “families traveled around their terri-
tories in a patterned seasonal round, stopping and
camping, sometimes for weeks at a time ... to harvest
and preserve the meat, roots, berries, and other resources
they needed for year round living.” The Secwépemc sea-
sonal round and calendar (Ignace, 2014) traces these
plant resources throughout the year, from Pesll7éwten,
the “melting month” (April), when the first plant shoots
come out and early root plants are dug, through
Pelltqelgél’tkemc, “getting ripe month” (July to early
August), when numerous berries ripen and people har-
vest medicines in the high plateau, to Pesqelgléiten, the
“many salmon month” (August to early September),
when berries are harvested at higher -elevations.
However, as indicated above, the quantitative metrics of
species richness, cover, or diversity do not indicate qual-
ity or condition, as defined by resource users (e.g., medic-
inal properties, suitability as construction material, and
berry production and taste), of these plants following fire.

CONCLUSIONS AND MANAGEMENT
IMPLICATIONS

Our study offers novel and salient insights into the recov-
ery of understory plant communities following a
mixed-severity megafire in British Columbia, Canada,
with a focus on plants of high cultural significance to
local Indigenous people. In doing so, this study responds
to recent calls for a new “megafire ecology” that better
understands the effects of exceptionally large fires on spe-
cies, communities, and ecosystems (Nimmo et al., 2022).
The negative relationship between fire severity and spe-
cies richness and diversity, even in the subalpine forests
in our study area that were historically characterized
by infrequent, high-severity fire, highlights how recent
megafires may be pushing these ecosystems outside of
the historical range of variability, with negative imp-
lications for ecosystem recovery. Ongoing monitoring,
including of exotic species, is required to understand lon-
ger term trends such as further community differ-
entiation or homogenization and to assess ecosystem
resilience to high-severity megafires.
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Improved understanding of the response of culturally
significant plants to fire also requires adapting monitor-
ing approaches to better capture variables of interest to
Indigenous community members and resource users.
This study only examined the response of a subset of spe-
cies with identified medicinal, food, technological, or
other uses by Secwépemc people; that is, plants identified
by one Secwépemc community as being of “high” cul-
tural significance, that could be integrated into the
existing study design. Our ongoing collaborative research
with Secwépemc communities is prioritizing the develop-
ment of culturally relevant monitoring protocols and
deeper community engagement to better assess the impact
of recent megafires on culturally significant plants and
other ecocultural values throughout Secweperncﬁiecw.
This research, grounded in Secwépemc priorities for resto-
ration and knowledges of plant uses and stewardship prac-
tices, aims to address the limitations of dominant science
approaches to answering these questions. As megafires
continue to impact ecosystems and human communities
alike, collaborative monitoring and research approaches
that deploy a new form of “transdisciplinary fire ecology”
(Coughlan & Petty, 2012) and ethically draw on both west-
ern and Indigenous sciences are needed to better under-
stand human-fire-landscape interactions and support
Indigenous-led revitalization of fire and plant stewardship.

These results also have implications for the
management and restoration of fire-prone ecosystems
throughout western North America, including the res-
toration of historical fire regimes and systems of
Indigenous fire stewardship that shaped these land-
scapes. Due to the dominance of moderate- and
high-severity fires across our study area, we were
unable to quantify the effect of low-severity fire on spe-
cies richness or diversity. However, given the impor-
tant role of frequent, low-severity Indigenous burning
in managing plant resources, there is a critical need for
research examining plant responses to low-severity
fire, including to cultural and prescribed burning.
Further collaborative fire history studies in subalpine
forests, conventionally considered to be characterized
by infrequent, high-severity fire regimes, are needed to
better understand the role of cultural burning in these
systems. Given the richness of culturally significant
plants in the subalpine forests, which have been sub-
ject to compounding disturbances of high-severity
wildfire, clearcut logging, and insect outbreaks, there
is a critical need to protect and restore these
high-elevation ecosystems and acknowledge the
longstanding and ongoing Indigenous use across these
landscapes.

As stated in the Secwépemc Declaration on
Understory Within the Forests of Secwepemcuiecw:

Yeri7 re spellqwlit.s-kucw re syecwmins
xwexwéytes k stemi te kwelkultes ne t7iweltks
re Secwepemcﬂecw.

Te m-sq7es re Secwépemc yecwmins
Xwexwéyt re tsreprép ell xwexwéytes k stemi
w7ec te kwelkultes ne Hugqwlecw, tri7 tiilem ell
re syecwmins re séwllkwe ne Secwepemcuiecw.

(The people of the Secwépemc Nation have
been managing and utilizing the forests
including their understory, and have looked
after the water within Secwepemctliecw
since time immemorial.)
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