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Postwildfire seeding to restore native vegetation and
limit exotic annuals: an evaluation in
juniper-dominated sagebrush steppe
Kirk W. Davies1,2 , Jon D. Bates1, Chad S. Boyd1

Reestablishment of perennial vegetation is often needed after wildfires to limit exotic species and restore ecosystem services.
However, there is a growing body of evidence that questions if seeding after wildfires increases perennial vegetation and reduces
exotic plants. The concern that seeding may not meet restoration goals is even more prevalent when native perennial vegetation
is seeded after fire. We evaluated vegetation cover and density responses to broadcast seeding native perennial grasses and
mountain big sagebrush (Artemisia tridentata Nutt. spp. vaseyana [Rydb.] Beetle) after wildfires in the western United States in
six juniper (Juniperus occidentalis ssp. occidentalis Hook)-dominated mountain big sagebrush communities for 3 years postfire.
Seeding native perennial species compared to not seeding increased perennial grass and sagebrush cover and density. Perennial
grass cover was 4.3 times greater in seeded compared to nonseeded areas. Sagebrush cover averaged 24 and less than 0.1%
in seeded and nonseeded areas at the conclusion of the study, respectively. Seeding perennial species reduced exotic annual
grass and annual forb cover and density. Exotic annual grass cover was 8.6 times greater in nonseeded compared to seeded
areas 3 years postfire. Exotic annual grass cover increased over time in nonseeded areas but decreased in seeded areas by the
third-year postfire. Seeded areas were perennial-dominated and nonseeded areas were annual-dominated at the end of the
study. Establishing perennial vegetation may be critical after wildfires in juniper-dominated sagebrush steppe to prevent the
development of annual-dominated communities. Postwildfire seeding increased perennial vegetation and reduced exotic plants
and justifies its use.
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Implications for Practice

• Postfire seeding can increase native vegetation and limit
exotic plants.

• After wildfire in juniper-dominated sagebrush steppe,
perennial vegetation should be seeded to restore ecosys-
tem services and limit exotic annual grasses.

• Broadcast seeding native perennial grasses and sage-
brush is a viable restoration method after fire in
juniper-dominated sagebrush communities.

• Research is needed to increase restoration efficiency by
determining optimal broadcast seeding rates and seeding
mixtures.

• Preventing conifer-dominance of sagebrush communities
should be a management priority to limit the need for
postfire restoration.

Introduction

Postfire restoration of native vegetation is often needed in imper-
iled ecosystems. Restoring native vegetation is critical because
some native fauna require specific habitat components that only
native vegetation can provide. As areas burned annually increase
in some regions (Krawchuk et al. 2009; Adams 2013), restora-
tion of native vegetation will only become a more pressing issue.

This need will likely increase in many areas because larger and
more frequent and severe wildfires are expected with climate
change and increasing CO2 levels (Fried et al. 2004; Fulé 2008;
Yue et al. 2013).

Seeding after wildfires is a commonly used management tool
applied with the goal of increasing vegetation cover and reduc-
ing the abundance of exotic species (Robichaud et al. 2000;
Beyer 2004). Seeding vegetation after fire is assumed to increase
seeded species that will utilize resources that would otherwise
be available to exotic species. However, seeding after fire has
generally not achieved the goal of increasing native vegetation
cover and reducing exotic species (Peppin et al. 2010; Stella
et al. 2010). Furthermore, seeding native species after wildfires
has been limited and there is little published information on
the effectiveness of postfire seeding of native species (Beschta
et al. 2004). One notable exception is Thompson et al. (2006)
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who reported seeding native and non-native species in sage-
brush (Artemisia L.) steppe communities in Utah, United States,
increased perennial vegetation and limited exotic plants.

The sagebrush steppe is an ecosystem that is imperiled from
multiple threats (Knick et al. 2003; Davies et al. 2011) and,
consequently, multiple sagebrush-associated species are of con-
servation concern (Crawford et al. 2004; Suring et al. 2005;
Shipley et al. 2006). The sagebrush steppe developed with infre-
quent fire (Wright & Bailey 1982; Mensing et al. 2006); how-
ever, exotic annual grasses have altered its recovery after fire
(Davies et al. 2009). Periodic fire is necessary for limiting
conifer encroachment in higher elevation sagebrush communi-
ties (Miller & Tausch 2001; Miller et al. 2005). However, once a
conifer woodland has developed, the potential for a more severe
fire is elevated because of increased fuel loads (Tausch 1999;
Miller et al. 2008; Stebleton & Bunting 2009). Higher severity
fire in fully developed woodlands increases the probability of
a substantial exotic annual grass invasion (Bates et al. 2014).
Limiting exotic annual grasses is important because they com-
pete with native vegetation (Melgoza et al. 1990; Humphrey &
Schupp 2004) and promote frequent wildfires that are detrimen-
tal to native species (D’Antonio & Vitousek 1992). Increases in
exotic annual grass abundance are also correlated with expo-
nential declines in native plant species and biodiversity (Davies
2011).

Reestablishing native perennial-dominated plant communi-
ties after wildfire in western juniper (Juniperus occidentalis
ssp. occidentalis Hook)-encroached mountain big sagebrush
(Artemisia tridentata Nutt. spp. vaseyana [Rydb.] Beetle) is
important because postfire exotic plant invasion can be substan-
tial in some locations (e.g. Bates et al. 2014; Davies & Bates
2017). Furthermore, restoring native vegetation in mountain big
sagebrush communities is important because these are some
of the most productive sagebrush communities (Hironaka et al.
1983; Davies & Bates 2010a, 2010b). This is an issue on mil-
lions of hectares of mountain big sagebrush that have been or
are at risk of juniper encroachment in the northern Great Basin
and Columbia Plateau (Miller et al. 2000; Miller et al. 2005).

Information on postwildfire seeding of native vegetation in
juniper-dominated sagebrush communities is lacking. What
information is available focuses on seeding after prescribed
fire (Sheley & Bates 2008; Davies et al. 2014, 2017; Davies
& Bates 2017). These studies were also limited as they only
seeded sagebrush (Davies et al. 2017; Davies & Bates 2017),
included non-native species (Davies et al. 2014), or used small
plot design (2 × 2 m) that did not include sagebrush (Sheley &
Bates 2008). Seeding mountain big sagebrush is often success-
ful (Davies et al. 2014, 2018; Davies & Bates 2017). Herba-
ceous vegetation, particularly non-native species, may limit
shrub establishment (Rinella et al. 2015, 2016; Davies et al.
2017). The effects, however, of seeding sagebrush in combi-
nation with native herbaceous vegetation are unknown. Exotic
annual species can be limited when native perennial species
become established in high numbers in Wyoming big sagebrush
(Artemisia tridentata Nutt. ssp. wyomingensis Beetle & Young)
communities (Davies & Johnson 2017), but this has not been
tested in mountain big sagebrush communities. Evaluating the

ability of seeded native species to establish after wildfire in
juniper-dominated mountain big sagebrush is critically needed
to assist land managers developing postfire restoration plans,
especially in plant communities at risk of exotic annual grass
invasion after wildfire.

There is a prevailing assumption that mountain big sage-
brush communities recover after fire without the need for active
restoration efforts (e.g. seeding). This view likely developed
because mountain big sagebrush plant communities are con-
sidered more resilient to wildfire and resistant to exotic annual
grass invasion than lower elevation sagebrush communities
(Davies et al. 2011; Chambers et al. 2014). Mountain big sage-
brush also historically burned more frequently than less produc-
tive sagebrush communities (Miller et al. 2005) and intact (i.e.
nonconifer encroached) mountain big sagebrush communities
often recover after fire without seeding (Lesica et al. 2007; Nel-
son et al. 2014). Another common assumption is that if burned
mountain big sagebrush communities need seeding, introduced
species should be used to rapidly occupy the site and prevent
exotic plant invasion. This likely evolved from experiences in
hotter, drier Wyoming big sagebrush communities where seed-
ing introduced species is much more successful at increasing
perennial vegetation and limiting exotic annual species than
seeding native species (Eiswerth et al. 2009; Boyd & Davies
2010; Davies et al. 2015). Therefore, it is important to determine
if seeding is needed and if seeding native vegetation can increase
perennial vegetation and limit exotic annual species after wild-
fire in juniper-dominated mountain big sagebrush communities.

The purpose of this study was to evaluate the effects of
seeding native perennial vegetation after wildfire in western
juniper-dominated mountain big sagebrush communities that
may be at risk of postfire exotic annual grass invasion and dom-
inance. We hypothesized that seeding native perennial grasses
and sagebrush after wildfire in juniper-dominated mountain big
sagebrush communities would increase sagebrush and perennial
grass cover and density and limit exotic annual grass and annual
forb cover and density compared to unseeded areas.

Methods

Study Area

The study was conducted in southeastern Oregon in areas
burned in the Buzzard wildfire complex and the Glass Butte
wildfire in 2014. Study sites were located between 52 km west
and 90 km southeast of Burns, Oregon. At the time of the
wildfires, study sites were fully developed western juniper
woodlands (i.e. dominated by juniper) established on moun-
tain big sagebrush-bunchgrass plant communities. Juniper cover
ranged from 23 to 42% across the sites prior to burning. Sage-
brush was largely displaced from the communities by juniper
encroachment prior to the wildfires. Wildfires killed 100% of
the junipers at the study sites. Historical fire return intervals
for these communities would have been less than 50 years and
may have been as common as every decade (Miller et al. 2005).
Common perennial grasses postfire included bluebunch wheat-
grass (Pseudoroegneria spicata [Pursh] A. Löve), Thurber’s
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needlegrass (Achnatherum thurberianum [Piper] Barkworth),
Idaho fescue (Festuca idahoensis Elmer), bottlebrush squir-
reltail (Elymus elymoides [Raf.] Swezey), and Sandberg blue-
grass (Poa secunda J. Presl). Study sites ranged in elevation
from 1,499 to 1,683 m above sea level. Slopes ranged from 0
to 45∘ with aspects facing north, south, east, and west. Soils
ranged from silty clay to loamy among study sites. Regional
climate consists of cool, wet winters and hot, dry summers.
Long-term annual precipitation (1981–2010) ranged from 300
to 426 mm among the study sites (PRISM 2018). Crop year
(1 October–30 September) precipitation averaged 91, 87, and
101% of the long-term average in 2014–2015, 2015–2016, and
2016–2017, respectively. Livestock were excluded for the dura-
tion of study. Wildlife was not excluded but we saw little evi-
dence of wildlife use.

Experimental Design and Measurements

We used a randomized complete block design with six blocks
(sites) to evaluate the effects of seeding native perennial vegeta-
tion after wildfire in juniper-dominated mountain big sagebrush
communities. Blocks were separated by up to 133 km. Treat-
ments were: (1) broadcast seeded with sagebrush and native
perennial grasses (seeded), and (2) not seeded (control). Treat-
ments were randomly assigned to one of two 10 × 30 m plots
at each block. Seeding treatments were applied on 18 and 19
November of 2014. The native seed mix contained mountain
brome (Bromus marginatus Nees ex Steud.), thickspike wheat-
grass (Elymus lanceolatus [Scribn. & J.G. Sm.] Gould), Sher-
man big bluegrass (Poa secunda J. Presl), prairie Junegrass
(Koeleria macrantha [Ledeb.] Schult.), Idaho fescue, Snake
River wheatgrass (Elymus wawawaiensis J. Carlson & Bark-
worth), bottlebrush squirreltail, bluebunch wheatgrass, Sand-
berg bluegrass, and mountain big sagebrush. We originally
intended to seed each species at 1.45 kg/ha but a technical
error in the application resulted in each species being seeded
at 5.8 kg/ha.

Vegetation measurements were conducted in early July of
2015, 2016, and 2017 using four, parallel 30-m transects spaced
2 m apart in each treatment plot in each block. Herbaceous foliar
cover by species was estimated in 0.2 m−2 quadrats located
every 3 m along each 30-m transect (starting at 3 m and ending
at 27 m). Bare ground, litter, biological soil crust, and rock cover
were also estimated in the 0.2 m−2 quadrats. Herbaceous density
by species was measured by counting all plants rooted in the
0.2 m−2 quadrats. Rhizomatous species density was estimated
by dividing quadrats into quarters and counting quarters that
contained the species. Shrub cover by species was measured
using the line-intercept method along each 30-m transect. Shrub
density by species was measured by counting shrubs rooted
inside a 2 × 30-m belt transect place over each 30-m transect.
Sagebrush density was also recorded as juvenile or mature.
Sagebrush was considered mature if it had reproductive stems.

Statistical Analyses

Repeated measures analysis of variance (ANOVA) using the
mixed models procedure (Proc Mixed) in SAS v. 9.4 (SAS

Institute Inc., Cary, NC, U.S.A.) was used to compare between
treatments and years. Block and block by treatment interac-
tions were considered random effects and year of sampling
was the repeated variable. Covariance structure was determined
using Akaike’s information criterion (Littell et al. 1996). Data
that violated ANOVA assumptions were square root trans-
formed prior to analyses to better meet the assumptions of
ANOVAs. All data presented are in their original dimensions
(i.e. nontransformed). For analyses, herbaceous cover and den-
sity were separated into five groups: Sandberg bluegrass, peren-
nial grasses, exotic annual grasses, perennial forbs, and annual
forbs. Sandberg bluegrass was treated as its own plant group
because it is smaller in stature, develops phenologically earlier,
and responses differently to disturbances than other perennial
grasses of the sagebrush steppe. Sherman big bluegrass, though
currently classified as a variety of Sandberg bluegrass, was
grouped with the other perennial grasses in the analyses because
it is larger and matures later than the more common Sand-
berg bluegrass in this ecosystem. The exotic annual grass group
was predominately comprised of cheatgrass (Bromus tectorum
L.) with some medusahead (Taeniatherum caput-medusae [L.]
Nevski). Shrubs were separated into sagebrush and other shrubs
for analyses. Significance level for all tests was set at p≤ 0.05
and response variable means were reported with standard errors.

Results

Perennial grass cover differed between treatments and among
years (p= 0.026 and 0.012, respectively; Fig. 1A). Perennial
grass cover was 4.3 times greater in the seeded treatment com-
pared to the controls 3 years postfire. Sandberg bluegrass cover
did not differ between treatments (p= 0.069; Fig. 1B) but varied
by year (p< 0.001) and generally declined over time. Perennial
forb cover did not vary between treatments (p= 0.848) or among
years (p= 0.815) and averaged 1.3± 0.5% and 1.5± 0.5% in
the seeded treatment and controls at the end of the study,
respectively. Exotic annual grass cover varied by the interaction
between treatment and year (p= 0.001; Fig. 1C). In the con-
trols, exotic annual grass cover increased over time but in the
seeded treatment, annual grass cover peaked the second postfire
year and then declined the third-year postfire. Nonseeded con-
trols had 8.6 times greater exotic annual grass cover compared
to the seeded treatment at the end of the study. Annual forb
cover varied between treatments and among years (p= 0.003
and <0.001, respectively; Fig. 1D). Annual forb cover was 2.4
times greater in the controls compared to the seeded treat-
ment 3 years postfire. Bare ground and rock cover did not
differ between treatments (p= 0.642 and 0.274, respectively)
but both varied among years (p< 0.001; Fig. 2A & 2B). Bare
ground and rock generally declined over time in both treat-
ments. Litter was similar between treatments (p= 0.141) but
varied among years (p< 0.001; Fig. 2C). Litter increased over
time in both treatments. Biological soil crust cover was simi-
lar between treatments and among years (p= 0.810 and 0.086,
respectively). At the end of the study, biological soil crust
cover was 0.005± 0.005 and 0.006± 0.004% in the seeded treat-
ment and controls, respectively. Sagebrush cover varied by the
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Figure 1. Herbaceous functional group cover (mean+SE) in the seeded and control treatments in 2015, 2016, and 2017. PG, perennial grass (A), POSE,
Sandberg bluegrass (B), AG, exotic annual grass (C), and AF, annual forb (D).
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Figure 2. Cover groups cover (mean+SE) in the seeded and control treatments in 2015, 2016, and 2017. Bare, bare ground (A); rock, rock (B); litter, ground
litter (C); and sage, sagebrush (D).

interaction between treatment and year (p< 0.001; Fig. 2D).
Sagebrush cover increased over time in the seeded treatment
but remained low and constant in the control treatment. By
the end of the study, sagebrush cover average 24± 4% and
0.06± 0.06% in the seeded treatment and controls, respectively.
Other shrub cover was similar between treatments and among
years (p= 0.206 and 0.101, respectively). Other shrub cover was

1.7± 1.6% and 1.7± 1.2% in the seeded treatment and controls
at the conclusion of the study, respectively.

Perennial grass density was greater in the seeded treatment
compared to the controls (p= 0.007, respectively; Fig. 3A) and
varied among years (p< 0.001). In the final sampling year,
perennial grass density was 3.3 times greater in the seeded
treatment compared to the controls. Perennial grass density
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Figure 3. Herbaceous functional group density (mean+SE) in the seeded and control treatments in 2015, 2016, and 2017. PG, perennial grass (A); POSE,
Sandberg bluegrass (B); AG, exotic annual grass (C); and AF, annual forb (D).

increased with time since seeding. Sandberg bluegrass density
was greater in the seeded treatment compared to the controls
and varied among years (p= 0.024 and <0.001, respectively;
Fig. 3B). Sandberg bluegrass density generally decreased over
time. Perennial forb density was similar between treatments
and among years (p= 0.948 and 0.610, respectively). In the
final sampling year, perennial forb density was 3.6± 1.8 and
4.2± 1.2 plants/m2 in the seeded treatment and controls, respec-
tively. Exotic annual grass density was greater in the controls
compared to the seeded treatment (p= 0.018; Fig. 3C) and var-
ied among years (p< 0.001). The controls had 270% greater
exotic annual grass abundance than the seeded treatment 3 years
after seeding. Exotic annual grass density increased with time
in both treatments. Annual forb density was influenced by the
interaction between treatment and year (p< 0.001; Fig. 3D).
Annual forb density was more similar between the controls
than the seeded treatment in the first year, slightly greater
in the controls than the seeded treatment in the second year,
and more than two times greater in the controls compared to
the seeded treatment in the third year. In the third sampling
year, annual forb density was 532 plants/m2 greater in controls
compared to the seeded treatment. Juvenile sagebrush density
was greater in the seeded treatment compared to the controls
(p< 0.001; Fig. 4A) but did not vary among years (p= 0.075).
Mature sagebrush density varied by the interaction between
treatment and year (p= 0.004; Fig. 4B). In the first year, nei-
ther treatment contained any mature sagebrush. However, in the
second and third postfire year, mature sagebrush density was
over 200 times greater in the seeded treatment compared to
the controls (Fig. 4B). Sagebrush was only detected at two of
the six unseeded controls. Density of other shrubs did not dif-
fer between treatments or among years (p= 0.460 and 0.082,
respectively). In the final sampling year, other shrub density was

0.49± 0.43 and 0.38± 0.32 plants/m2 in the controls and seeded
treatment, respectively.

Discussion

Our results support the rational for seeding after wildfires
to increase perennial vegetation and limit exotic plants. The
results of our study specifically support our hypotheses that
seeding native perennial vegetation can increase perennial
grass and sagebrush cover and density and reduce exotic
annual grass and annual forb response after wildfire in west-
ern juniper-dominated sagebrush steppe in the western United
States. These results suggest that seeding native perennial veg-
etation after wildfires may be needed to promote recovery and
prevent exotic annual grass dominance in juniper-encroached
sagebrush steppe. Importantly, our results suggest that seeding
native vegetation after wildfire in juniper-encroached sagebrush
communities is a viable restoration strategy. With the increase
in area burned in wildfires in many regions (Krawchuk et al.
2009; Adams 2013), establishing that seeding native perennial
species can increase perennial vegetation and limit exotic plants
after wildfires provides critically needed guidance for postfire
restoration. This is particularly important as other research (e.g.
Stella et al. 2010) has suggested that postwildfire seeding is
ineffective at reducing exotic plants.

Prior research demonstrated that exotic annual grasses could
increase after prescribed fire in some juniper-encroached moun-
tain big sagebrush communities with risk of annual grass dom-
inance increasing with greater woodland development and with
decreasing site resistance and resilience (Bates et al. 2014;
Roundy et al. 2014; Davies & Bates 2017). The results from our
unseeded plots further indicate that exotic annual grass inva-
sion and dominance after fire in juniper-dominated mountain
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big sagebrush steppe is of concern. This likely occurs because
junipers decrease herbaceous vegetation as they dominate a site
(Miller et al. 2000; Bates et al. 2005) and after fires the former
juniper canopy locations are often devoid of vegetation and have
high soil resource availability (Bates & Davies 2017; Davies
et al. 2017). The abundance of soil resources and reduction in
herbaceous vegetation, in particular perennial grasses, creates a
perfect scenario for exotic annual grass invasion and dominance
(Chambers et al. 2007).

Our results agree with prior research that establishing peren-
nial vegetation is critical to limiting exotic annual species
(Davies et al. 2015; Davies & Johnson 2017). This is partic-
ularly important after wildfires in areas susceptible to exotic
annual grass invasion and dominance. Although exotic annual
grass cover increased each year in areas not seeded, in areas
seeded with native perennial vegetation, exotic annual grass
cover peaked in the second-year postfire and declined almost
50% by the third-year postfire. This indicates that seeded vege-
tation may limited resources available to exotic annual grasses.
Furthermore, this also suggests that the trajectory for the seeded
areas is continued perennial vegetation dominance. At the end
of the study, the areas not seeded were dominated by annual
species (exotic annual grasses and annual forbs). The future
trajectory of these communities is unknown but there is a high
probability of continued exotic annual species dominance given

the low abundance of perennial grasses in these areas. Exotic
annual grass dominance increases the risk of an annual grass-fire
cycle developing because annual grasses dry out earlier and
increase fine fuel loads and continuity compared to native veg-
etation (D’Antonio & Vitousek 1992). Increased fire frequency
is especially detrimental to native vegetation that evolved with
less frequent fire (D’Antonio & Vitousek 1992).

Sagebrush recovered rapidly after seeding with cover aver-
aging 24% by the third-year postfire. However, sagebrush was
largely absent from areas not seeded with sagebrush cover aver-
aging less than 0.1% at the end of the study. Seeding sagebrush
after juniper control with fire has generally accelerated the
recovery of sagebrush cover and density (Davies et al. 2014;
Davies & Bates 2017), except when herbaceous vegetation was
allowed to recover prior to seeding sagebrush (Davies et al.
2017). These findings and the current study suggest the loss
of sagebrush with juniper encroachment followed by fire that
imposes strong juniper mortality results in a scenario of slow
sagebrush recovery. This is counter to the assumption that sage-
brush will often naturally recover rapidly after conifer control
(Barney & Frischknecht 1974; Tausch & Tueller 1977; Skousen
et al. 1989; Miller et al. 2005). Rapid recovery of sagebrush is
needed because sagebrush is a crucial habitat component for
sagebrush-associated wildlife species that are of conservation
concern (Crawford et al. 2004; Shipley et al. 2006; Aldridge
et al. 2008).

One caveat of our study was the high seeding rate, which
was three or more times the rate often applied by land man-
agement agencies, especially for sagebrush. This may be one
of the reasons that our results differ from other studies sug-
gesting that postwildfire seeding is not effective (Peppin et al.
2010; Stella et al. 2010). Broadcast seeding after wildfires in
juniper-dominated sagebrush communities as well as many
other communities has not been empirically tested to establish
optimal seeding rates. The high establishment of sagebrush and
subsequent high cover of sagebrush probably limited perennial
grass cover. As sagebrush cover increases, perennial grass pro-
duction decreases (Cook & Lewis 1963; Rittenhouse & Sneva
1976). Our results, however, suggest that sagebrush and native
perennial grasses can be seeded together. Additional research
evaluating different seeding rates and ratios of different plant
groups and species in seed mixtures would be valuable in estab-
lishing optimal seeding rates and mixtures. This is important
because habitat requirements for sagebrush-associated wildlife
often require a mixture of sagebrush and herbaceous species
(e.g. Crawford et al. 2004).

Though our seeding rate was high, our study demonstrated
that seeding native perennial vegetation after wildfire can pro-
mote recovery of perennial grasses and sagebrush and limit
exotic annual grasses. Importantly, this suggests that seeding
introduced species is not necessary to achieve management
objectives after fire in mountain big sagebrush communities.
This is a stark contrast to Wyoming big sagebrush commu-
nities, where seeded native vegetation often fails to establish
(Eiswerth et al. 2009; Boyd & Davies 2010; Davies et al. 2015);
however, there are exceptions (see Davies et al. 2018). Mountain
big sagebrush communities are cooler and wetter than Wyoming
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big sagebrush communities (West et al. 1978; Winward 1980;
Hironaka et al. 1983) and this likely explains why seeded native
vegetation often successfully establishes in these communities.

The high abundance and cover of exotic annual grasses
in nonseeded areas at the end of the study suggests that
seeding perennial vegetation is needed after wildfires in
juniper-dominated sagebrush steppe to prevent exotic annual
grass dominance and restore ecosystem services. This can be
achieved by broadcast seeding native perennial grasses and
sagebrush. Refinement of seeding mixtures and rates would
be beneficial to improve restoration success and efficiency.
We suggest that restoration practitioners consider seeding
perennial vegetation after fires in juniper-dominated sagebrush
communities, especially those at risk of exotic plant invasion.

Tree encroached-shrublands in Australia (Rundel et al.
2014), Africa (Holmes & Cowling 1997; Rundel et al. 2014),
and South America (Sarasola et al. 2006; Langdon et al. 2010)
may, similar to our current study, be at risk of postfire exotic
plant invasion. Tree mortality from fire reduces competition and
opens the plant community to exotic plant invasion. This may
be even more problematic if tree encroachment or the fire that
controls the trees reduces understory species that are keys for
resistance to exotic plant invasion. Our results demonstrate that
seeding native perennial vegetation after wildfire is a method
that can counter this threat.
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