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ABSTRACT

The Arctic is experiencing the greatest increase in average surface temperature globally, which is
projected to amplify wildfire frequency and severity. Wildfire alters the biogeochemical character-
istics of arctic ecosystems. However, the extent of these changes over time—particularly with
regard to plant stoichiometries relative to community structure—is not well documented. Four
years after the Yukon-Kuskokwim Delta, Alaska, experienced its largest fire season, aboveground
plant and lichen biomass was harvested across a gradient of burn history: unburned (“reference”),
2015 burn (“recent burn”), and 1972 burn (“historic burn”) to assess the resilience of tundra plant
communities to fire disturbance. Fire reduced aboveground biomass in the recent burn; early
recovery was characterized by evergreen shrub and graminoid dominance. In the historic burn,
aboveground biomass approached reference conditions despite a sustained reduction of lichen
biomass. Although total plant and lichen carbon (C) and nitrogen (N) were reduced immediately
following fire, N stocks recovered to a greater degree—reducing community-level C:N. Notably, at
the species level, N enrichment was observed only in the recent burn. Yet, community restructuring
persisted for decades following fire, reflecting a sustained reduction in N-poor lichens relative to
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more N-rich vascular plant species.

Introduction

The Arctic is experiencing the most dynamic increase of
average surface temperature, warming at least twice as
fast as the rest of the Earth’s mass (Taylor et al. 2017).
The resultant increasingly warm and dry conditions,
greater lightning frequency, decrease in terrestrial
snow cover, and expansion of woody biomass (Higuera
et al. 2008; Farukh and Hayasaka 2012; French et al.
2015; Hu et al. 2015; Salmon et al. 2016; Taylor et al.
2017) are now making the tundra more susceptible to
fire (Higuera et al. 2008; Hu et al. 2015; Young et al.
2017). The longer-term effects of these fires on plant and
lichen community structure and stoichiometry—and
thus their resistance and resilience to fire—remain rela-
tively underexplored (Frost et al. 2020; Talucci, Loranty,
and Alexander 2022).

Fire can affect the plant community through its
effects on plant-available soil nutrient pools. By remov-
ing the insulating soil organic matter (SOM) and thus

increasing transfer of energy, fire exposes the active layer
to ambient air temperature and reduces surface albedo
(Hu et al. 2015; Taylor et al. 2017). As a result, burned
soils can develop warmer and deeper active layer dec-
ades following fire (Bret-Harte et al. 2013; Hu et al. 2015;
Taylor et al. 2017). This may increase plant-available
nutrient pools as more nutrients are mineralized and
roots extend into newly thawed, warmer soils (Hewitt
et al. 2019; Abbott et al. 2021). The combustion of
tundra litter and SOM combined with warming can
also release plant-available nutrients (Mack et al. 2011;
Bret-Harte et al. 2013; Jiang et al. 2015). Because tun-
dra’s primary productivity is typically strongly nitrogen
(N)-limited (Mark et al. 2004), increased nutrient avail-
ability can enhance net primary productivity by those
species able to take advantage of these pools (Dijkstra
and Adams 2015; Jiang et al. 2015). This fire-driven
increase in nutrient availability can enhance primary
productivity for decades; for example, graminoids
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often dominate in the short term during tundra recovery
from fire, whereas shrub expansion has been observed to
occur years to multiple decades after fire (Racine et al.
2004; Bret-Harte et al. 2013; Jones et al. 2013; Tsuyuzaki,
Iwahana, and Saito 2018; Gaglioti et al. 2021; Heim,
Yurtaev et al. 2021).

Fire and ecosystem recovery following this disturbance
can alter ecosystem stoichiometry, or the balance of carbon
(C), nitrogen (N), phosphorus (P), and trace elements in
biomass and soils. Stoichiometric flexibility can impact
ecological stoichiometry and ecosystem function, such as
the potential of photosynthetic rates and growth rates
(Sistla et al. 2015). Shifting fire regimes can significantly
alter ecosystem C-N-P stoichiometries, with recent and
repeated fire events reducing N content and increasing
P richness in both soil and plant mass (Toberman et al.
2014; Butler et al. 2018), and increasing fire frequency can
alter these patterns over time (Pellegrini et al. 2018; Butler
etal. 2019). Although N and P may co-limit plant growth at
the community level following fire (Klupar, Rocha, and
Rastetter 2021), documentation of postfire succession
plant stoichiometries across scales from plant organ to
species to community level remains sparse, particularly in
arctic tundra (Sistla and Schimel 2012; Jiang et al. 2017;
Butler et al. 2019).

The Yukon-Kuskokwim Delta (YKD), Alaska, is of
particular interest because it is among the most biologi-
cally productive regions of the arctic tundra, and the
effects of increased fire frequency and severity are
already visible (Figure 1; Sae-Lim et al. [2019], Frost
et al. [2020], and references therein). Despite being
dominated by wetland tundra, upland areas of the
YKD have experienced multiple wildfires since 1953
(Frost et al. 2020). During the historically unprece-
dented fire season of 2015, 726 km” tundra burned in
the YKD, doubling the total area that had burned over
the past seventy-four years (Partain et al. 2016). Notably,
YKD’s vegetation is dominated by lichens underlain by
moss rather than litter-rich tussocks and woody shrubs,
as is common in other Alaskan tundra that have been
impacted by fires (Higuera et al. 2008; Jones et al. 2013;
Jiang et al. 2017). Plant functional diversity largely
recovered within several decades following fire in low-
land tundra, and bryophytes were largely resistant to
burning (Frost et al. 2020). However, lichen biomass
recovered little for at least four decades following fires
(with near complete loss immediately following fire;
Frost et al. 2020). By contrast, shrub and graminoid
abundance increased within two to ten years following
fire (Frost et al. 2020; Heim, Bucharova et al. 2021).

Our goal was to assess the resilience, following
immediate and multidecadal fire, on plant and lichen
community- and species-level stoichiometries and

nutrient pools in the YKD relative to changes in the
distribution of aboveground biomass. We defined resi-
lience as the ability for the ecosystem to absorb distur-
bance while maintaining ecological function (Holling
1973). We established sites that included nonburned
tundra (“reference”), 2015 burn scar, and 1972 burn
scar areas to examine the potential short- and longer-
term impacts of fire on C:N and C:P of the tundra plant
and lichen community at the levels of aboveground
biomass, plant functional type (PFT), species, and
organ. We hypothesized that total aboveground plant
and lichen biomass would be reduced four years follow-
ing fire but deciduous and evergreen shrubs, whose
stems and rhizomes can store excess nutrients, would
become more nutrient-enriched because of the residual
available nutrients postburning, as seen by Bret-Harte
et al. (2013) and Narita et al. (2015) in northern Alaskan
tussock tundra. We further hypothesized that the plant
community would recover to baseline biomass levels
and stoichiometries within four decades following the
burn and those species that show N and P enrichment
immediately following fire would have the greatest
increase in biomass relative to species that were not
able to take advantage of postfire nutrient release.

Methods
Site description

In July 2018 and July 2019, we sampled a series of sampling
locations near a field camp site established at 61.2628°,
—-163.2459° in the Yukon Delta National Wildlife Refuge
(Figure 1) within two separate burn scars (2015 and 1972).
The site is defined by peat tundra with vegetation charac-
terized by mosses (primarily Sphagnum spp. and Dicranum
spp.), lichen, graminoids (primarily Carex spp. and
Eriophorum angustifolium), forbs (mainly Rubus chamae-
morus), deciduous shrubs (dominated by Vaccinium uligi-
nosum and Betula nana), and evergreen shrubs (primarily
Rhododendron subarcticum and Vaccinium vitis-idaea).
The thaw depth was generally <50 cm on peat plateaus
during the sampling period, which is underlain by discon-
tinuous permafrost. The mean annual temperature is
—1.25°C + 1.42°C (mean = standard deviation), and the
mean annual precipitation is 450 + 123 mm, based on
historical weather data (1929-2018) from the Bethel
Airport Station (60.785°, —161.8293°), located approxi-
mately 94 km southwest of the field site.

Experimental design

Sampling occurred at seven peat plateau sampling loca-
tions within a 15-km radius (Table 1; Figure 1). To assess
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Figure 1. Map of burn history and sampled areas in the Yukon-Kuskokwim Delta (YKD) of Alaska. The bottom panel includes photos of
plots sampled in reference, recent burn, and historic burn areas. Map created by Carl Churchill.

the short- and long-term impacts of fire, we used burn
scars from 2015 (“recent burn”) and burn scars from
1972 (“historic burn”), respectively, with nonburned
areas (i.e., areas with no known burns during the histor-
ical record) as our reference. All reference areas were on
peat plateaus where fire often stopped at riparian bound-
aries. Burn age was determined using Alaska Fire Service

databases (Alaska Interagency Coordination Center n.
d.). The sampling locations were selected based on their
accessibility from base camp and the presence of refer-
ence unburned areas of peat plateau in the vicinity of
burned areas in the two age classes. Sampling was com-
pleted from 1 to 10 July in 2018 and from 30 June to
10 July in 2019.
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Table 1. Location and treatments for plots sampled for this study.

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7
Coordinates 61.270533°, 61.26296°, 61.237811°, 61.26107°, 61.23665°, 61.28391°, 61.33209°,
—163.23857° —163. —163.20921° —163.24287° —163.22282° —163.34811° —163.01602°
24956°
Treatments Reference, Reference, Reference, recent Reference, Reference, recent Reference, recent reference, recent
recent burn recent burn burn, historic burn recent burn burn, historic burn burn, historic burn burn, historic burn
Year 2018 2018 2018 2018 2019 2019 2019
harvested

Note. For coordinates (in decimal degrees), unburned treatment locations were used; burned treatment(s) were in close proximity.

In 2018, three of the four sampling locations had
a paired design of reference and recent burn areas, and
one sampling location included a reference, recent burn,
and historic burn area. In 2019, three additional sampling
locations were established with reference, recent burn,
and historic burn areas. At each of the eighteen sites
(seven reference, seven recent burn, four historic burn),
we established a 30 x 30 cm sample plot by locating
a representative area in the sampling location and spaced
each additional sample area 10 m apart from each other
(N = 3 sample plots/site; Figure 1). From each plot, a 30-
m transect was run, where thaw depth was measured at
1-m intervals in 2018 and 2-m intervals in 2019. We could
not accurately measure the thaw depth that exceeded 1 m,
so for 40 (of 1,688) measurements where thaw exceeded
1 m, a conservative estimate of 101 cm depth was used for
estimating thaw depth during the sampling period.

Aboveground biomass harvest

All aboveground live vascular plant and lichen material
within the 900 cm? plot was collected at ground level and
separated into species (forbs, deciduous, and evergreen
shrubs) or genera when possible (moss). Each vascular
plant was further separated into leaves, stems, flowers,
and berries. All biomass was dried to constant mass at
60°C for at least 48 hours before being weighed. A scalar
of 0.703 was applied to the 2018 Sphagnum biomass to
correct for dead biomass that was included in the har-
vest. This scalar was created in 2019 by collecting
Sphagnum from one plot (selected as a representative
plot) in the same manner as 2018. Then the biomass was
split into dead and live biomass and used to calculate the
live:total Sphagnum scalar. We defined dead Sphagnum
as brown or discolored and changed in texture.

Nutrient analyses

Species (separated by organ when appropriate) from each
plot were ground and homogenized in coffee grinders for
elemental analysis. Percentage C and N were measured
on all samples using a LECO elemental analyzer
(Woodwell Climate Research Center Environmental

Chemistry Laboratory, Falmouth, MA) or with an
Elementar vario MACRO cube (California Polytechnic
State University, San Luis Obispo, CA). Carbon and
N biomass pools were calculated by multiplying mass of
each species part by the measured %C or %N of that
species part. Total community %C and %N were calcu-
lated by dividing the sum of all C or N biomass pools for
all species parts by the total community biomass. %P was
measured through an acid wet digestion in a block diges-
ter at University of Massachusetts Plant Diagnostic
Laboratory (Amherst, MA); only a small proportion of
vascular plant species could be analyzed for P because of
insufficient biomass remaining after completing C:N ana-
lysis. Therefore, P pool sizes could not be determined for
most vascular species. %P was quantified in samples
representing the majority of lichen (median = 100 percent,
range = 50-100 percent) and moss (median = 98 percent,
range = 56-100 percent) biomass at the plot level. As
such, we corrected P stock directly measured for
a functional type in a given plot by the fraction of func-
tional type biomass represented in %P measurements for
these two groups to give total plot level P stock.

Data analysis

All statistical modeling was completed in R Studio
v1.4.1717 using R v3.51 (R Core Team 2018).
A factorial mixed-model analysis of variance was used to
identify the effect of burn recovery period on thaw depth,
plant community biomass (including lichen), PFT bio-
mass, and organ %C, %N, and C/N. Sample years (2018
and 2019) were pooled; thus, year was not included as an
independent factor. Burn status was treated as a fixed
effect, and plot nested within sampling location was trea-
ted as a random effect using nlme v3.1-153 (Pinheiro
et al. 2021). To test the effect of time since fire on thaw
depth, transect ID was also included as a random effect.
Due to the limited sample size of the P data, sampling
location was not included as a random effect. Instead,
burn status was treated as a fixed effect. The effects of
burn were assessed with estimated marginal means
(emmeans v1.6.1; Lenth 2021) and a Tukey correction to
control for multiple comparisons across burn status.



Biomass was transformed using y = log(x + 1)
transformation prior to analysis (Bret-Harte et al.
2013) and reported as arithmetic
Stoichiometric ratios were transformed using y = log
(x) and reported as geometric means (Isles 2020). If
the species was absent from a particular plot, its bio-
mass and nutrient stock value was zero. All of the data
are publicly available via the Arctic Data Center (2018
data and 2019 data; Hung et al. 2022).

To evaluate whether changes in community N stocks
were driven primarily by plant and lichen community
turnover or stoichiometric flexibility, we summed the
product of relative biomass of each species and its %N
under reference and burned conditions. Relative bio-
masses observed under reference conditions multiplied
by %N under burned conditions simulates a scenario of
stoichiometric change in the absence of community turn-
over, and relative biomass observed under burned condi-
tions multiplied by %N under reference conditions
simulates a scenario of community change in the absence
of species-level stoichiometric flexibility. These values
were calculated on a per species level using the mean
biomass and mean %N per species; they are reported as
relative changes compared to the same calculation com-
pleted for unburned reference plots within the same
sampling location. By using relative biomass of commu-
nity members rather than absolute biomass, this approach
allows us to consider how changes in community com-
position and stoichiometry act on N stocks independent
of changes in aboveground biomass following burning.

means.

Results
Thaw depth

The July thaw depth for reference was 40.16 + 0.56 cm
(mean =+ SE), for recent burn it was 47.91 + 0.71 cm, and
for historic burn it was 41.53 £ 0.94 cm. Burn increased
July thaw depth (F (2, 8) = 20.70, p < .0001), which was
driven by an increase in average July thaw depth of
19.75 percent (p = .002) in the recent burn compared
to the reference. However, July thaw depth had recov-
ered to reference depth in the historic burn areas.

Aboveground biomass

Both total biomass and species composition were highly
heterogeneous across the studied landscape (Table 2;
Supplementary Figure S1). Burning reduced total bio-
mass (F (2, 9) = 24.71, p < .0001), with the greatest effect
in the recent burn (77 percent reduction from reference,
p = .0002), whereas in the historic burn, biomass was
statistically indistinguishable from the reference level (%
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reduction from reference; driven by nonstatistically sig-
nificant increases in deciduous shrub, evergreen shrub,
graminoid, and moss PFT biomass compared to recent
burn). The effects on biomass within different plant
functional types varied (Table 2), with no significant
effect of fire observed for deciduous shrubs, forbs,
moss, or graminoids. Lichen, in contrast, showed no
recovery of biomass in either the recent burn (96 percent
reduction relative to reference, p < .0001) or historic
burn (94 percent reduction relative to reference,
p =.0007). Reflecting this biomass shift, lichen is 67 per-
cent (range = 21-97 percent) of total community bio-
mass and C pool in the reference areas but only 9 to
10 percent (range = 0-70 percent) in the recent and
historic burns (Figure 2b). Furthermore, lichen was not
found in four of twelve historic burn plots and ten of
twenty-two recent burn plots, but it was recorded in all
nonburned reference plots. Evergreen shrub biomass
was significantly reduced (65 percent reduction relative
to reference, p = .003) in the recent burn, but the bio-
mass recovered to reference conditions in the historic
burn. This reduction in biomass was reflected in both
evergreen shrub leaves (59 percent reduction relative to
reference, p = .004) and evergreen shrub stems (71 per-
cent reduction relative to reference, p = .001; Table 2).

At the organ level, leaf:stem biomass increased in
R. subarcticum (99 percent increase, p = .04) and
V. uliginosum (128 percent increase, p = .04) in the
recent burn compared to the reference. For
R. subarcticum, this effect was driven by a greater reduc-
tion in leaf biomass (50 percent reduction, p = .01) and
stem biomass (70 percent reduction, p =.003). No other
significant shifts in leaf:stem biomass were observed for
any species or functional type.

Total, functional type, and key species %C, %N, %P

Fire did not significantly affect %C at the whole com-
munity or PFT level. However, fire increased %N of the
whole community (F (2, 9) = 29.72, p < .0001), with the
effect greatest in the recent burn (178 percent increase,
p = .0001) and lesser magnitude in the historic burn
(97 percent increase, p = .05). The increase in %N can be
attributed to both a decrease in the relative abundance of
N-poor lichens and an increase in the %N of evergreen
shrubs. Mosses and evergreen shrubs were the only
functional types with a detectable %N response to fire
driven by an increase of %N in the recent burn. %N of
mosses increased by 59 percent in the recent burn com-
pared to the reference (p =.03), and evergreen shrub %N
increased 37 percent in the recent burn compared to
the reference (p = .01). This effect was driven by higher
%N in R. subarcticum (and a nonsignificant increase in
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V. vitis-idaea %N) in the recent burn areas. The
increase in R. subarcticum N concentration is asso-
ciated with an approximately equivalent relative
decrease in C:N ratio of leaves and stems (~25 percent)
and a preferential loss of more N-poor stem (70 percent
reduction, p = .02) compared to N-rich leaves
(Figure 3). Deciduous shrub %C and %N had no
detectable responsible to burn status.

We estimate that if changes in postfire stoichiometry
had occurred in the absence of community turnover,
mean community %N would have been 56 percent
lower in recent burn plots and 38 percent lower in historic
burn plots compared to if only changes in stoichiometry
had occurred. This greater effect of community turnover
compared to species-level stoichiometry is expected

because the most and least N-rich species have an abso-
lute difference in %N of 0.85 percent, whereas the %N of
the most stoichiometrically flexible responsive species
increased by just 0.52 percent (Table 2). Our %P analysis
was limited by biomass to a few groups due to sampling
limitation. Burn status did not significantly affect the %P
of evergreen shrub leaves or stems (in contrast to
increased %N), deciduous shrub or graminoid leaves, or
lichen or moss biomass (Supplementary Table S1).

C, N, and P pool responses to burn history

Paralleling aboveground biomass loss patterns, at the
community level, fire reduced plant and lichen
C stock (F (2, 9) = 13.51, p = .002), with the effect
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greatest in the recent burn (77 percent reduction,
p = .002) and a marginally significant effect in the
historic burn compared to the reference (p = .08;
Figure 2a). Fire also impacted plant and lichen
N stock (F (2, 9) = 12.11, p = .003); total N was
48 percent lower in the recent burn (p = .004) but
had recovered to reference levels in the historic burn
sites (Figure 2b).

These community-level responses to fire were dri-
ven by changes in lichen, evergreen shrub, grami-
noids, and lichen C and N pools (Figures 2a and
2¢). Lichen C stocks (which represent 66 percent of
the total community C pool in the reference areas)
were significantly reduced relative to the reference
following burn but did not recover even decades
following fire (92 percent reduction in the recent
burn, p = .04 and 92 percent reduction in the historic
burn, p = .05). This effect was paralleled in the lichen
N stocks (88 percent reduction in the recent burn,

p = .004 and 70 percent reduction in the historic
burn, p = .01); lichen represents 37 percent of the
total N pool in the reference areas. Evergreen shrub
C pool was reduced in the recent burn by 65 percent
(p = .04) compared to the reference. This pattern was
driven by the two dominant evergreen shrubs:
R. subarcticum and V. vitis-idaea. Burn status did
not affect evergreen shrub N stock. Though burn
status did not affect graminoid C stock, graminoid
N stock had a marginally significant increase of
421 percent (p = .09) in the recent burn compared
to the reference.

R. subarcticum leaf and stem P and moss P stocks
were not significantly different between burn treat-
ments. In contrast, lichen P stock was reduced by 83 per-
cent in recent burn (p = .005) and by 72 percent
(p =.014) in the historic burn compared to the reference,
consistent with the marked and sustained reduction in
lichen biomass postfire.



Discussion

Despite the tundra being considered a resilient ecosys-
tem following fire disturbance (Holling 1973), nearly
five decades after fire the YKD plant and lichen com-
munity did not fully recover to its baseline condition.
Fire severely reduced lichen and evergreen shrub bio-
mass four years after fire, and lichen biomass continued
to be reduced four decades following fire. Further, we
found that fire reduced aboveground C and N pools
immediately following fire; these pool sizes were not
significantly different from nonburned areas within
four decades following fire, despite the sustained loss
of lichen. However, fire substantially decreased commu-
nity-level C:N in the recent burn areas, and this effect
continued in the historic burn, demonstrating
a persistent shift in community-level C:N driven by
increased community-level %N.

Altered plant community composition likely reflects
both an increase in nutrient availability following fire
and ecological differences among functional groups
(Gaglioti et al. 2021). Although we did not directly
measure soil nutrient pools, our results indicate that
plant-available soil N was also not dramatically reduced
by fire. This is likely due to increased access to deeper
and more abundant pools of inorganic nutrients as the
active layer thawed more deeply during the growing
season following fire (Abbott et al. 2021). Accessing
these deeper nutrient pools is likely to be linked with
increased belowground biomass, something that would
be expected given the transition toward a vascular-
dominated plant community. Thus, the postfire redis-
tribution of nutrients among PFTs appears to support
resilience of plant community C and N pools by favoring
the establishment of PFT's with relatively N-rich above-
ground biomass (Racine et al. 2004).

Given the strong correlation between leaf N content
and maximum photosynthetic rate, it is unsurprising
that slow-growing, relatively N-poor lichens show little
resilience to fire (Flexas and Carriqui [2020] and refer-
ences therein). Evergreen shrub was the only PFT whose
biomass was significantly reduced in the recent burn but
rebounded to baseline conditions in the historic burn
and where %N increased within several years following
burn (although this response did not persist over time).
This pattern may reflect increased competition for N in
the ecosystem, especially among vascular plants (Heim,
Yurtaev et al. 2021) or the stoichiometric resilience of
evergreen shrub PFTs as they grow over decades follow-
ing burn (i.e., an initial increase in N uptake followed by
reallocation increased nutrient availability toward
growth of more C-rich biomass). Reduced evergreen
shrub C:N in the recent burn was detectable at the
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whole plant, leaf, and stem levels. Notably, the most
overt changes in evergreen shrub PFT nutrient content
were found in increased stem %N, suggesting that lig-
nified tissues were more stoichiometrically flexible than
is frequently depicted in models (e.g., Jiang et al. 2015).
Thus, the reduction in C:N in evergreen shrubs reflects
both new stem growth as well as increased plant-
available N following fire.

Intriguingly, the moss PFT—whose biomass was not
significantly reduced by fire—had reduced biomass C:N
(but not C:P) in the recent burn area relative to the
reference and historic burn areas (driven by
a significant increase in moss %N in recent burn).
Within five years after fire, reduced bryophyte C:N sug-
gests that mosses associated with N-fixing diazotrophs
(unable to directly access newly plant-available soil N)
may be able to co-opt on fire-driven abiotic changes that
favor N fixation (i.e., warmer moss surfaces following
lichen loss; Elzen et al. 2020). This ultimately yielded
a nonsignificant increase in moss biomass in the historic
burn areas, paralleling observations of increased bryo-
phyte percentage cover multiple decades following burn
in the YKD (Frost et al. 2020). Nonetheless, a high
degree of interplot heterogeneity in aboveground bio-
mass and species composition limited our ability to
detect more subtle shifts in moss communities.

Studies of tundra aboveground community and
nutrient stocks’ response to fire often focus on the
shorter-term responses to fire as well as C:N shifts.
However, as demonstrated here and elsewhere (e.g.,
Frost et al. 2020), there can be decadal impacts of tundra
fires on aboveground community composition and ele-
ment balance. This is particularly true for lichen; many
studies conducted postfire have found that even 80 to
100 years after fire, lichen does not recover (Barrett et al.
2012; Hu et al. 2015; De Baets et al. 2016). Lichen is a key
winter food source for caribou, Rangifer tarandus (Joly,
Dufty, and Rupp 2012; Hu et al. 2015). Increased fire
extent and frequency in arctic systems is expected to
alter caribou mitigation patterns, with cascading socio-
economic and cultural implications (Chapin et al. 2008;
Hu et al. 2015).

As Arctic warming accelerates, tundra ecosystems
will likely become more susceptible to disturbances,
raising the importance of longer-term studies. Our
study highlights that tundra plant and lichen commu-
nity response to fire—as estimated by changes in above-
ground biomass—is consistent with what has been
observed in other studies of lichen-dominated tundra
(Frost et al. 2020; Heim, Bucharova et al. 2021).
However, we observed that fire-driven shifts in the
aboveground element balance can persist for decades
despite the resilience of species-level C:N stoichiometry,
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suggesting that these biogeochemical changes may
become more prevalent as fire frequency increases
across the Arctic. Additional focus should also be paid
to understanding how P stocks and belowground bio-
mass response to tundra fires. There remains little data
on P stocks and cycling dynamics in tundra ecosystems,
especially postfire (Pold et al. 2022).

We observed that, time, fire drives
a redistribution of C and nutrients between functional
types and shifts the tundra aboveground community
toward mosses and evergreen shrubs that favor greater
nutrients at the expense of slower-growing lichens, an
effect that may be exacerbated by ongoing climate
warming (Zamin, Bret-Harte, and Grogan 2014). This
effect may alter the flammability of the Arctic. Though
increased fire risk will further reduce lichen, a highly
flammability species, that reduction in flammability will
likely be outpaced by the increase in woody biomass
driven by redistribution of nutrients and warming con-
ditions (Gaglioti et al. 2021). Once established, these
fire-responsive nutrient-rich PFTs may generate more
rapidly cycling nutrient-rich litter, generating condi-
tions less suitable for nutrient-poor, slow-growing
lichens. Thus, fire may instigate a tipping point in vege-
tation structure and a novel biogeochemical regime in
this lichen-rich area of the Arctic.

over
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