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Seeding locally sourced native compared to introduced
bunchgrasses post-wildfire in frigid Wyoming big
sagebrush communities
Kirk W. Davies1,2 , Chad S. Boyd1

Perennial grasses are often seeded after disturbances to provide ecosystem services and prevent invasive plant dominance.
However, there is widespread disagreement over the use of native compared to introduced grasses. In Wyoming big sagebrush
(Artemisia tridentata Nutt. ssp. wyomingensis Beetle & A. Young) communities, introduced wheatgrasses are often seeded after
wildfires because they are less expensive, more available, and establish better than widely available native species. However,
locally sourced native bunchgrasses, which likely have adaptations to local conditions, have not been compared to introduced
wheatgrasses. We compared drill-seeding locally sourced native bunchgrasses and introduced wheatgrasses after wildfire in
frigid Wyoming big sagebrush communities for 3 years. Seeded native and introduced bunchgrasses both increased bunch-
grass abundance and cover, even though precipitation was below average the first year post-seeding. Seeding introducedwheat-
grasses, however, increased bunchgrass cover and abundance more than seeding native bunchgrasses. Seeding introduced
wheatgrasses also limited exotic annual grass abundance and cover, but seeding locally sourced native bunchgrasses did not.
Native bunchgrasses are slow growing, thus may limit exotic annual grasses in time. Alternatively, additional treatments, such
as exotic annual grass control, may be needed to improve their success. The establishment of seeded native bunchgrasses in
Wyoming big sagebrush in a below-average precipitation year is a promising result and suggests further research to improve
seeded native vegetation success is warranted. The greater establishment of introduced wheatgrasses and their ability to limit
exotic annual grasses suggests that successful introduced species may serve as a model for guiding trait selection in native
species.

Key words: Artemisia, crested wheatgrass, drill seeding, exotic annual grass, post-fire restoration

Implications for Practice

• Locally sourced grasses appear to have adaptations to
local conditions as evidenced by their establishment dur-
ing a below-average precipitation year.

• Competitive introduced species may establish better and
limit exotic weeds more than locally sourced native
species.

• Additional treatments to control exotic species may be
needed when seeding locally sourced vegetation.

• Introduced species that are widely successful in rehabili-
tation efforts may serve as models for trait identification
when developing native species for restoration efforts.

Introduction

Exotic plants have deleterious effects when they invade and
dominate native plant communities, including altering fire
regimes, disrupting ecosystem processes, degrading native wild-
life habitat, and decreasing biodiversity (Gordon 1998; Mack
et al. 2000; Davies 2011). Disturbances often facilitate invasive

species dominance of plant communities by removing competi-
tion and opening safe sites for establishment. To counter this
effect, vegetation is commonly seeded after severe disturbances.
Seeding success is widely variable and varies in part by the spe-
cies seeded, thus it is critical to seed species that will establish at
given site and also compete with exotic species. Locally sourced
native species are expected to have greater establishment and fit-
ness than non-local populations of the same species, likely
because they are adapted to local conditions (Bleak et al. 1965;
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Baughman et al. 2019). However, their establishment success
and ability to limit exotic species have rarely been compared
to widely used introduced species.

The sagebrush steppe of North America is a prime example of
an ecosystem at risk of post-disturbance invasion and domi-
nance by exotic plants. This is particularly evident in Wyoming
big sagebrush (Artemisia tridentata Nutt. ssp. wyomingensis
Beetle & A. Young) communities where exotic annual grasses
can dominate communities after fire if perennial vegetation is
substantially reduced (Chambers et al. 2007). Exotic annual
grasses are particularly problematic because they alter fire
regimes and can limit native species. Exotic annual grasses can
promote more frequent fire, because they increase the amount
and continuity of highly flammable fine fuels and dry out earlier
than native vegetation (Knapp 1995; Brooks 2008; Davies &
Nafus 2013). This has devastating impacts because native peren-
nial species are generally intolerant of frequent fire
(D’Antonio & Vitousek 1992). Exotic annual grasses are also
very competitive with native species, especially at the seedling
stage (Nasri & Doescher 1995; Rafferty & Young 2002).
Increasing exotic annual grass abundance exponentially
decreases plant biodiversity (Davies 2011) and degrades habitat
for sagebrush-associated wildlife (Crawford et al. 2004;
USFWS 2013). Thus, it is imperative to prevent exotic annual
grass invasion and dominance of sagebrush communities.

Perennial grasses are often seeded after fire in these commu-
nities to maintain perennial dominance and limit exotic annual
grasses. However, there is widespread disagreement over
whether native or introduced grasses should be used. The intro-
duced bunchgrasses, crested (Agropyron cristatum (L.) Gaertn.
and A. desertorum [Fisch. Ex Link] Schult) and Siberian wheat-
grass (A. fragile [Roth] P. Candargy), are commonly seeded
after wildfires (Eiswerth et al. 2009; Knutson et al. 2014). These
introduced wheatgrasses are often selected instead of native
bunchgrasses because they establish better (Robertson
et al. 1966; Hull 1974; Wood et al. 1982) and are more available
and cost less (Arredondo et al. 1998; Eiswerth et al. 2009;
Boyd & Davies 2010). Crested wheatgrass has also been
selected because it is highly competitive with exotic annual
grasses (Arredondo et al. 1998; Davies et al. 2010). The compet-
itiveness of these introduced wheatgrasses, however, can result
in them developing near monocultures that are persistent
(Christian & Wilson 1999; Heidinga & Wilson 2002; Nafus
et al. 2016). Most efforts to restore native vegetation in these
introduced grasslands have failed (Hulet et al. 2010; Fansler &
Mangold 2011; Morris et al. 2019). In addition, established
native perennial vegetation can also limit exotic annual grasses
(Davies & Johnson 2017). Thus, disagreement remains regard-
ing if native or introduced bunchgrasses should be seeded after
disturbances, in particular fire, in sagebrush communities at risk
of exotic annual grass invasion.

Part of the disagreement arises from knowledge gaps and con-
flicting reports of the likelihood of seeded native vegetation
establishing and persisting. The probability of successfully
establishing native vegetation from seed and suppressing exotic
annual grasses varies with environmental conditions. For exam-
ple, the prospect of successfully establishing native perennial

vegetation from seed decreases as sagebrush communities
become hotter and drier (Knutson et al. 2014; Pilliod
et al. 2017). However, seeded native vegetation can be success-
ful in cooler and wetter sagebrush communities and can substan-
tially reduce exotic annual grasses (Davies et al. 2019; Urza
et al. 2019). Wyoming big sagebrush communities are generally
hotter and drier and are less resistant to exotic annual grass inva-
sion than the other sagebrush communities (Davies 2011;
Chambers et al. 2014). Thus, these sagebrush communities often
need to be seeded after fire to prevent exotic annual grass dom-
inance, but this is also where it is challenging to establish native
perennial vegetation. Locally sourced native species, however,
may be more likely to establish and persist than widely available
commercial cultivars because of adaptation to local environ-
mental characteristics (Baughman et al. 2019). Locally sourced
native species, because of local adaptations, may conceivably
establish and persist as well or even better than introduced
wheatgrasses. However, comparisons between seeding locally
sourced native and introduced perennial grasses are lacking
and this knowledge gap needs filled as land managers are tasked
with restoring degraded lands and preventing exotic species
spread and dominance.

The purpose of the study was to compare seeding introduced
and locally sourced native bunchgrasses after wildfire in Wyo-
ming big sagebrush communities for increasing bunchgrass
cover and abundance and limiting exotic annual grasses. We
hypothesized that (1) seeding bunchgrasses would result in
greater bunchgrass cover and density and less exotic annual
grass and (2) seeding locally sourced native compared to intro-
duced bunchgrasses would result in greater bunchgrass cover
and density and less exotic annual grasses.

Methods

Study Area

The study was conducted in Wyoming big sagebrush communi-
ties burned in the Cinder Butte fire 25–35 km west and south-
west of Riley, Oregon, USA. The Cinder Butte fire burned
21,231 ha in early August of 2017. The fire completely con-
sumed all fuels at the study sites, even burning shrub stumps
below the soil surface. The USDI-Bureau of Land Management
and private landowners elected to seed the majority of the burn
because of substantial post-fire exotic annual grass risk. Prior
to burning, vegetation at the study sites was dominated byWyo-
ming big sagebrush and native bunchgrasses. Native bunch-
grasses included bluebunch wheatgrass (Pseudoroegneria
spicata [Pursh] A. Löve), Thurber’s needlegrass (Achnatherum
thurberianum [Piper] Barkworth), Idaho fescue (Festuca ida-
hoensis Elmer), squirreltail (Elymus elymoides [Raf.] Swezey),
prairie Junegrass (Koeleria macrantha [Ledeb.] Schult.), and
Sandberg bluegrass (Poa secunda J. Presl). Cheatgrass (Bromus
tectorum L.) was present in low abundance across the study sites
prior to the wildfire. Climate across the study area is characteris-
tic of the northern Great Basin with hot, dry summers and cool,
wet winters. Long-term (1981–2010) average annual precipita-
tion was 268 mm. Crop-year (October–September) precipitation
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was 69, 123, and 68% of the long-term average in 2017–2018,
2018–2019, and 2019–2020, respectively (PRISM 2020). Soil
temperature regime and moisture class were frigid and aridic,
respectively (NRCS 2020). Soils were a gravelly fine sandy
loam, well drained, and 60 to >100 cm deep. Elevation ranged
from 1,436 to 1,468 m above sea level. Slopes were mild
(2–6%) and aspects were northerly. Livestock were excluded
for the duration of the study.

Experimental Design and Measurements

A randomized complete block design with five blocks (sepa-
rated by up to 4 km) was used to evaluate seeding locally
sourced native and introduced bunchgrasses after wildfire in
Wyoming big sagebrush communities. Each block consisted of
three treatments: (1) seeded with native bunchgrasses (Native);
(2) seeded with introduced bunchgrasses (Introduced); and
(3) unseeded control (Control). Treatments were randomly
applied to 7.5 × 100-m plots with a 2 m buffer between treat-
ments. Seeding treatments were applied with a rangeland drill
(Laird Welding & Manufacturing Works, Merced, CA) in early
December 2017. Drill row centers were 30 cm apart and 5 cm
diameter metal pipes were dragged behind the drill to improve
soil coverage of seed. The native seed mix was comprised of
locally sourced bluebunch wheatgrass, bottlebrush squirreltail,
and prairie Junegrass with each species seeded 3.76 kg
PLS�ha−1 (total = 11.28 kg PLS�ha−1). We considered native
species locally sourced if they came from locations that meet
the following criteria: (1) were < 100 km from the study sites;
(2) at elevations within 100 m of the average elevation of the
study sites; and (3) with average annual precipitation �15% of
the study sites. The locally sourced native species were har-
vested by hand from native plant communities in 2017. Col-
lected seeds were stored in a cool, dry environment until
seeding. The introduced seed mix was comprised of crested
wheatgrass (Hycrest II) and Siberian wheatgrass (Vavilov) with
each seeded at 5.64 kg PLS�ha−1 (total = 11.28 kg PLS�ha−1).

Vegetation, bare ground, litter, rock, and biological soil crusts
were measured along three 90-m transects spaced at 2, 4, and
6 m along the short edge of the treatment plot in June of 2018,
2019, and 2020. Herbaceous vegetation cover and density, bare
ground, rock, litter, and biological soil crust cover were esti-
mated using 0.2 m−2 quadrats located at 3-m intervals along
the 90-m transects (30 quadrats per transect, 90 quadrats per
plot). Cover was estimated based on markings that divided
quadrats into 1, 5, 10, 25, and 50% segments. Density was mea-
sured by counting all herbaceous plants rooted in the quadrats.
Shrub canopy cover was measured using the line intercept
method on each of the 90-m transects. Shrub density was mea-
sured by counting all shrubs rooted in three 2 × 90-m belt tran-
sects positioned over the three 90-m transects.

Statistical Analyses

We used repeated measures analysis of variance using the mixed
models procedure in SAS v. 9.4 (SAS Institute Inc., Cary, NC,
U.S.A.) with year as the repeated variable. Block and block by

treatment interactions were treated as random variables in ana-
lyses. We determined the appropriate covariance structure using
Akaike’s information criterion (Littell et al. 1996). For analyses,
herbaceous cover and density were grouped into five plant func-
tional groups: large perennial bunchgrasses, Sandberg blue-
grass, exotic annual grasses, perennial forbs, and annual forbs.
Sandberg bluegrass was analyzed as a separate plant functional
group from the other perennial grasses because it is smaller in
stature, phenologically develops earlier, and responds differ-
ently to disturbances (McLean & Tisdale 1972; Yensen
et al. 1992; James et al. 2008). Cheatgrass was the most common
exotic annual grass at the study sites, but some medusahead
(Taeniatherum caput-medusae (L.) Nevski) and Japanese brome
(Bromus japonicus Thunb. Ex Murr) were also detected. Exotic
annual forbs comprised >75% of the total annual forb cover and
density. The perennial forb functional group was comprised of
native species. Shrub cover and density were separated into
two groups: Wyoming big sagebrush and green rabbitbrush
(Chrysothamnus viscidiflorus [Hook.] Nutt). Data that violated
assumptions of normality were log or square-root transformed.
Original data (i.e. non-transformed) are presented in figures
and text. Treatment means were separated using Fisher’s pro-
tected least significant difference (p ≤ 0.05) and reported with
standard errors.

Results

Cover

The interaction between treatment and year was not significant
for any measured cover variable (Table S1; p > 0.050). Large
perennial bunchgrass cover varied by treatment (Fig. 1A;
p = 0.019) and was greatest in areas seeded with introduced
wheatgrasses, followed by areas seeded with native bunch-
grasses, and lowest in unseeded controls. Large bunchgrass
cover also increased with time (p < 0.001). In 2020, introduced
wheatgrasses constituted 71% of the large perennial bunchgrass
cover in the Introduced treatment. In 2020, bluebunch wheat-
grass, prairie Junegrass, and squirreltail (the three seeded spe-
cies) comprised 57, 8, and 16% of the large bunchgrass total
cover and were 26, 21 and 1,171% greater in the Native com-
pared to the Control, respectively. Sandberg bluegrass cover
did not vary among treatments (p = 0.972), but did among years
(p = 0.050). Sandberg bluegrass cover was generally greatest in
2019 and lowest in 2018 (data not shown). Exotic annual grass
cover varied among treatments and years (Fig. 1B; p = 0.010
and < 0.001, respectively). Exotic annual grass cover was less
in the Introduced compared to Native and Control treatments
(p = 0.036 and 0.003, respectively), but did not differ between
the Native and Control (p = 0.148). Exotic annual grass cover
appeared to be increasing with time in Native and Control treat-
ments, but it did not appear to increase from the second to the
third year in the Introduced treatment. Perennial forb (solely
comprised of native species) cover did not vary among treat-
ments (Fig. 1C; p = 0.059) but among years (p < 0.001), with
it generally greater in 2019 compared to 2018 and 2020. Annual
forb (largely comprised of exotic species) cover varied among
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treatments and years (p = 0.007 and < 0.001, respectively).
Annual forb cover was less in the Introduced compared to
Native and Control treatments (Fig. 1D; p = 0.019 and 0.002,
respectively), but was similar between Native and Control treat-
ments (p = 0.178). Annual forb cover was generally greater in
2019 than 2018 and 2020. Sagebrush and green rabbitbrush
cover was low (0 to <0.6%) in all sampling years and did not
vary among treatments (data not shown; p = 0.410 and 0.230).
Sagebrush cover was also similar among years (p = 0.383).
Green rabbitbrush cover was less in 2018 than 2019 and 2020
(p = 0.022). Bare ground, rock, and litter cover did not vary
among treatments (data not shown; p = 0.105, 0.161, and
0.583, respectively), but did vary among years (p < 0.001). In
general, bare ground and rock decreased and litter increased
with time. Biological soil crust cover was extremely low
(< 0.20%) and did not vary among treatments (data not shown;
p = 0.519). Biological soil crust cover declined over time
(p = 0.006).

Density

The interaction between treatment and year was not significant
for any measured density variable (Table S2; p > 0.050). Large
perennial bunchgrass density varied among treatments and years
(Fig. 2A; p < 0.001 and 0.020). Large bunchgrass density was
on average 1.5- to 2.3-fold greater in the Introduced treatment

compared to Native and Control treatments (p = 0.005
and < 0.001) and 1.6-fold greater in the Native compared to
the Control (p = 0.024). In general, bunchgrass density was
greater in 2018 compared to 2019 and 2020. In the Introduced
treatment in 2020, introduced wheatgrasses constituted 68% of
the total large bunchgrass cover. The seeded native species
drove the increase in large perennial bunchgrass density in the
Native treatment. In 2020, bluebunch wheatgrass, prairie June-
grass, and squirreltail contributed 44, 10, and 21% to large
bunchgrass total density and increased 10, 22 and 713% in the
Native treatment compared to the Control, respectively. Sand-
berg bluegrass density was similar among treatments
(p = 0.827), but was less in 2020 than other years (p < 0.001).
Exotic annual grass density varied among treatments (Fig. 2B;
p = 0.008), with exotic annual grasses being greater in Control
and Native treatments compared to the Introduced treatment
(p = 0.003 and 0.013, respectively). At the end of the study
(2020), exotic annual grasses were 1.6- and 1.5-fold greater in
Control and Native treatments than the Introduced treatment,
respectively. Exotic annual grass density was similar between
Control and Native treatments (p = 0.343). Density of exotic
annual grasses increased with time (p < 0.001). Perennial forb
(solely comprised of native species) density did not vary among
treatments (Fig. 2C; p = 0.376) and was generally less in 2018
than 2019 and 2020 (p = 0.041). Annual forb (largely comprised
of exotic species) density varied among treatments and years

Figure 1. (A–D) Plant functional group cover (mean + SE) in drill-seeded locally sourced native bunchgrasses (Native), drill-seeded introduced bunchgrasses
(Introduced), and control (Control) treatments in 2018, 2019, and 2020.
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(Fig. 2D; p = 0.038 and < 0.001, respectively). In general,
annual forb density was greatest in the Control and least in the
Introduced treatment and increased with time. Sagebrush and
green rabbitbrush density did not vary among treatments or
years (p > 0.050).

Discussion

Seeding perennial bunchgrasses after wildfire in frigid Wyo-
ming big sagebrush communities increased bunchgrass abun-
dance and cover even though the first-year precipitation was
below average. This is counter to expectations that seedings
are generally unsuccessful in below-average precipitation years
(Hardegree et al. 2011). However, above-average precipitation
the next year may have been crucial for their persistence. These
results suggest that locally sourced native and introduced bunch-
grasses can be successfully seeded in some Wyoming big sage-
brush communities in less than ideal precipitation years.
However, there are a few caveats that need to be acknowledged.
First, the soil temperature regime was frigid for the study sites,
thus these results may not apply to hotter sites. Second,
exotic annual grasses were not abundant immediately after
burning, which likely also contributed to the success of
seeded bunchgrasses. Exotic annual grasses are highly compet-
itive with bunchgrasses at the seedling stage, which can prevent
their establishment (Nasri & Doescher 1995; Rafferty &
Young 2002; Humphrey & Schupp 2004). The establishment

of bunchgrasses, especially native bunchgrasses, from seed in
Wyoming big sagebrush communities after wildfire in our study
is encouraging, as restoration of these communities is often a
management challenge (Svejcar et al. 2017), but should not lead
to assumptions that bunchgrass establishment from seed will be
similar in other sagebrush communities.

Though seeded locally sourced native and introduced bunch-
grasses both established, effects varied by seed mix. All three
locally sourced native bunchgrasses were able to establish and
persist at our study sites, but seeding introduced bunchgrasses
resulted in greater bunchgrass abundance and cover. This was
likely the result of introduced wheatgrasses establishing better
and growing faster than locally sourced native bunchgrasses.
Introduced wheatgrasses generally establish better than widely
available native bunchgrasses (Hull 1974; Asay et al. 2003;
Boyd & Davies 2010;). However, to our knowledge, this is the
first comparison of seeding introduced wheatgrasses with locally
sourced native bunchgrasses. Introduced wheatgrasses also gen-
erally grow faster than native bunchgrasses because of physiolog-
ical advantages (James et al. 2012; Hamerlynck et al. 2016,
2020). Seed mix selection is undoubtedly a critical post-fire man-
agement decision and success will vary by the species included.

Seed mix also had differing effects on exotic annual grasses
and annual forbs, predominately non-native species. Seeding
native bunchgrasses did not decrease exotic annual grass or
annual forb cover and density in the three growing seasons
post-fire. In contrast, seeding introduced bunchgrasses

Figure 2. (A–D) Plant functional group density (mean + SE) in drill-seeded locally sourced native bunchgrasses (Native), drill-seeded introduced bunchgrasses
(Introduced), and control (Control) treatments in 2018, 2019, and 2020.
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substantially limited exotic annual grasses and annual forbs.
From the second to third year, exotic annual grass cover did
not change in areas seeded with introduced bunchgrasses, but
exotic annual grass cover appeared to still be increasing in the
other treatments. Similarly, others have found that introduced
wheatgrasses are competitive with exotic annual grasses
(Arredondo et al. 1998; Davies et al. 2010; Davies &
Johnson 2017). Native bunchgrasses in semi-arid rangelands
are generally slow-growing (Holmes & Rice 1996; James
et al. 2009), thus they may limit exotic annual grasses in the
future, assuming they continue to increase in cover (e.g. Ott
et al. 2019). In support of this speculation, established native
vegetation has been demonstrated to limit exotic annuals in
other studies (Davies & Johnson 2017; Davies et al. 2019; Urza
et al. 2019), though introduced wheatgrasses generally reduced
exotic annual grasses more than other perennial vegetation
(Davies & Johnson 2017). Seeding introduced wheatgrasses
limited exotic annual grasses more than seeding native bunch-
grasses in the 3 years post-seeding, but longer-term evaluations
are needed to determine if seeded native bunchgrasses will limit
exotic annuals in time and to better understand the long-term
effects of seeding introduced wheatgrasses.

Alternatively, locally sourced native bunchgrass success may
be improved by including treatments to control exotic annual
grasses. Exotic annual grasses preempt resource use by growing
earlier and more rapidly than many native species (Melgoza
et al. 1990; Humphrey & Schupp 2004), thus control of exotic
annual grasses can result in increases in co-existing vegetation.
For example, pre-emergent herbicide control of exotic annual
grasses increased co-existing native bunchgrasses (Davies &
Sheley 2011). Targeted grazing could also be used to reduce
exotic annual grass abundance and encourage perennial grasses
(Schmelzer et al. 2014; Porensky et al. 2020). Bunchgrasses
overlap substantially with exotic annual grasses in resource
acquisition patterns (James et al. 2008) and are, therefore, criti-
cal to limiting them (Chambers et al. 2007; Davies 2008). Fur-
ther increases in native bunchgrasses should limit exotic
annual grasses; it just may require short-term control of exotic
annuals to allow native bunchgrasses to increase to the point
they preempt enough resources to reduce exotic annual grasses.

Our results support assumptions that locally sourced native
species likely have adaptions to local environments which trans-
late into successful establishment and persistence
(e.g. Baughman et al. 2019). Establishing locally sourced native
bunchgrasses in Wyoming big sagebrush communities in a
below-average precipitation year suggests that native species
can play a larger role in post-fire revegetation efforts in more
semiarid rangelands. Additional selection criteria and breeding
to improve native species success is warranted. For example,
locally sourced native species that have adapted to competition
from invasive species may improve restoration success in
invaded-rangelands (Leger 2008; Goergen et al. 2011; Leger
et al. 2019). Selecting for traits that have proven beneficial in
establishment and persistence in restoration attempts could also
improve success (Kulpa & Leger 2013). The greater abundance
and cover of seeded introduced wheatgrasses and subsequent
reductions in exotic annuals suggest that selecting native species

with traits similar to successful introduced species may be a way
to achieve greater success.
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