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December 9, 2020

William Dunkelberger

Forest Supervisor
Humboldt-Toiyabe National Forest
1200 Franklin Way

Sparks, Nevada 89431

Re: Scoping Comments, Humboldt-Toiyabe National Forest Forestwide Prescribed Fire Restoration
Project

Dear Mr. Dunkelberger:

Thank you for considering the following scoping comments on the Humboldt-Toiyabe National Forest’s
proposed Prescribed Fire Restoration Project. Defenders of Wildlife (Defenders) is a national non-profit
conservation organization with 1.8 million members and supporters in the U.S., and over 3,000 in
Nevada, and is dedicated to protecting all wild animals and plants in their natural communities. To this
end, Defenders uses science, public education and participation, media, legislative advocacy, litigation,
and proactive on-the-ground solutions in order to impede the accelerating rate of extinction of species,
associated loss of biological diversity, and habitat alteration and destruction.

Defenders generally agrees that prescribed fire is an important tool for restoring natural fire regimes to
ecosystems. However, we strongly oppose approving this project with a programmatic categorical
exclusion (CX) under the National Environmental Policy Act (NEPA).

The Forest Service is proposing to adopt a CX to “increase the pace and scale of prescribed burning” ! on
the Humboldt-Toiyabe National Forest (HTNF). The project would enable multiple prescribed burning
projects each year up to 10,000 acres with an objective of treating up to 100,000 acres annually. Using a
CX for a proposed action of this scale is inappropriate and likely not in accordance with the NEPA.

The Forest Service should prepare an Environmental Assessment or Environmental Impact Statement
to analyze the effects of the proposed project

The CX may not be lawful as a programmatic effort to significantly increase the agency’s management
footprint. CXs are intended to be used for “small,” “insignificant,” and “routine” projects, Sierra Club v.
Bosworth, 510 F.3d 1016, 1027 (9th Cir. 2007), not large landscape-level projects. Such projects likely

1 Dunkelberger, W.A. 2020. Letter: Forest-wide Prescribed Fire Restoration Project. Humboldt-Toiyabe National
Forest. November 9. Pg. 1.



have direct, indirect, and/or cumulative effects because they are not by definition “insignificant” or
“routine.”

NEPA aims to improve the quality of the human environmental by relying on sound science and public
engagement to reduce and mitigate harmful environmental impacts. NEPA protects against unnecessary
and avoidable harm that, if federal agencies were not required to take a “hard look” at when planning
management actions, would accumulate and result in permanent impacts to wildlife, water quality,
cultural resources, and other natural resources.

It’s hard to imagine that the proposed action would not have significant impacts to the HTNF’s wildlife,
including 12 species federally protected under the Endangered Species Act and over 100 Regional
Forester Sensitive Species, and other natural and cultural resources and values. For example, applying
prescribed burning in sagebrush ecosystems has been shown to have significant detrimental impacts on
the sagebrush vegetative community and associated species. Knick et al. 2005; Ellsworth and Kauffman
2010; Ellsworth and Kauffman 2017. While the HTNF’s scoping proposed action document indicates an
understanding of these issues, the impacts of prescribed burning activities must be assessed in an EA or
EIS.

To determine whether the proposed project’s impacts may be “significant,” the Forest Service should
first prepare an Environmental Assessment (EA). 40 C.F.R. §§ 1501.4, 1508.9. If the EA reveals that “the
agency’s action may have a significant effect upon the. . . environment, an EIS [Environmental Impact
Statement] must be prepared.” Nat’l Parks & Conservation Ass’n v. Babbitt, 241 F.3d 722, 730 (9th Cir.
2001) (internal quotations omitted). If the agency determines that no significant impacts are possible, it
must still adequately explain its decision by supplying a “convincing statement of reasons” why the
action’s effects are insignificant. Blue Mountains Biodiversity Project v. Blackwood, 161 F.3d 1208, 1212
(9th Cir. 1998).

Using an EA to authorize this project would enable public engagement in compliance with NEPA and
the spirit of democracy

The Forest Service must provide for public engagement on projects undertaken with an EA or EIS but not
for those undertaken with a CX. Public engagement is often responsible for important improvements in
project design and implementation. Sometimes these improvements are incorporated through
additional alternatives, modification of the proposed action, or the addition of mitigation commitments,
while other times they are adopted as a result of appeal or adjudication. The point is that without the
benefit of the EA or EIS process, the shortcomings of the projects would not have been revealed or
addressed.

The Forest Service must consult with the U.S. Fish and Wildlife Service to identify potential harms to
species listed as threatened or endangered under the Endangered Species Act

Under Section 7 of the Endangered Species Act and its implementing regulations each federal agency, in
consultation with the Services must insure that any action authorized, funded, or carried out by the
agency is not likely to (1) jeopardize the continued existence of any threatened or endangered species



or (2) result in the destruction or adverse modification of the critical habitat of such species. 16 U.S.C. §
1536(a). Agency “action” is broadly defined to include actions that may directly or indirectly cause
modifications to the land, water, or air, and actions that are intended to conserve listed species or their
habitat, specifically including, as here, “the promulgation of regulations.” 50 C.F.R. § 402.02(b). Under
the Services’ joint regulations implementing the ESA, an action agency such as Forest Service must
initiate consultation under Section 7 whenever its discretionary action “may affect” a listed species or
critical habitat. 50 C.F.R. § 402.14(a); see also Ass’n of Home Builders v. Defenders of Wildlife, 551 U.S.
644 (2007).

Sincerely,

-7 B A

e .

Lauren McCain Jeff Aardahl
Senior Federal Lands Policy Analyst California Representative
600 17t St., Suite 450N 46600 Old State Hwy, Unit 13
Denver, CO 80202 Gualala, CA 95445
720-943-0453 707-884-2290
Imccain@defenders.org jaardahl@defenders.org

See Attachments:

e Ellsworth, L. M., & Kauffman, J. B. (2017). Plant community response to prescribed fire varies by
pre-fire condition and season of burn in mountain big sagebrush ecosystems. Journal of Arid
Environments, 144, 74-80.

e Ellsworth, L. M., & Kauffman, J. B. (2010). Native bunchgrass response to prescribed fire in
ungrazed mountain big sagebrush ecosystems. Fire Ecology, 6(3), 86-96

e Knick, S. T., Holmes, A. L., & Miller, R. F. (2005). The role of fire in structuring sagebrush habitats
and bird communities. Studies in Avian Biology, 30, 63.
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UNGRAZED MOUNTAIN BIG SAGEBRUSH ECOSYSTEMS
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ABSTRACT

Fire was historically a dominant ecological process throughout mountain big sagebrush
(Artemisia tridentata Nutt. ssp. vaseyana [Rydb.] Beetle) ecosystems of western North
America, and the native biota have developed many adaptations to persist in a regime
typified by frequent fires. Following spring and fall prescribed fires conducted in sites of
different ecological conditions at the Lava Beds National Monument, California, USA,
we examined the reproductive, density, and cover responses of four native bunchgrasses:
bluebunch wheatgrass (Pseudoroegneria spicata [Pursh] A. Love), Thurber’s needlegrass
(Achnatherum thurberianum [Piper] Barkworth), squirreltail (Elymus elymoides [Raf.]
Swezey), and Sandberg bluegrass (Poa secunda J. Presl). High rates of survival and fire-
enhanced flowering were measured following fires. Thurber’s needlegrass density de-
creased following spring burns in sites dominated by cheatgrass (Bromus tectorum L.)
(from 3.3 plants m? to 0.8 plants m?; P < 0.05). Density of bluebunch wheatgrass de-
creased following spring fires (from 3.7 plants m? to 1.9 plants m?; P = 0.02) and cover
was reduced in both spring and fall burn treatments (P = 0.04) in native dominated sites.
Fire-enhanced flowering (increases in reproductive efforts) occurred in bluebunch wheat-
grass in cheatgrass dominated sites (244 % increase in reproductive culms following fire),
native dominated sites (350 % increase), and woody encroachment sites (500 % increase)
sites following fall fires. These results show that these native bunchgrasses positively re-
spond to prescribed fire through increases in reproductive efforts and high rates of surviv-
al following fires. This suggests that fire can be an important tool for the restoration and
conservation of these fire adapted bunchgrasses.

Keywords: Artemisia tridentata, Bromus tectorum, bunchgrass, cheatgrass, fire return interval,
mountain big sagebrush, prescribed fire, Pseudoroegneria spicata, rangeland restoration

Citation: Ellsworth, L.M., and J.B. Kauffman. 2010. Native bunchgrass response to prescribed
fire in ungrazed mountain big sagebrush ecosystems. Fire Ecology 6(3): 86-96. doi: 10.4996/
fireecology.0603086
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INTRODUCTION

Dramatic changes in vegetation structure
and composition have occurred in the Great
Basin of North America due to human activi-
ties including fire suppression, livestock graz-
ing, increased ignitions by Native Americans,
and the introduction of non-native plant and
animal species. Prior to Euro-American settle-
ment, stand replacing fires were frequent, oc-
curring at intervals of less than 30 years in
mountain big sagebrush (Artemisia tridentata
Nutt. ssp. vaseyana [Rydb.] Beetle) ecosys-
tems (Young and Evans 1981, Miller and Rose
1999, Miller et al. 2000). The Great Basin has
experienced two general shifts in structure re-
lated to changes in fire regimes. Low-eleva-
tion areas subject to frequent human distur-
bances became susceptible to increased fire
frequency and invasion and dominance by ex-
otic grasses (D’Antonio and Vitousek 1996,
Brooks and Pyke 2001). During the 1900s,
fire frequency decreased in wetter or higher el-
evation areas due to fire exclusion and live-
stock grazing (Miller and Tausch 2001), result-
ing in expansion of western juniper (Juniperus
occidentalis Hook.) and a reduction of native
bunchgrasses and forbs (Miller and Rose
1999). Prior to Euro-American settlement, ex-
pansion of western juniper was believed to
have been limited by fire, drought, and compe-
tition with grasses (Kilgore 1981). The intro-
duction of domestic grazing animals in these
areas decreased the amount of fine fuels neces-
sary for fire spread (Kauffman and Sapsis
1989), and western juniper increased in range
under the longer fire-return interval (Miller et
al. 1994). The current rate and extent of west-
ern juniper encroachment onto sites formerly
occupied by bunchgrasses and sagebrush has
exceeded rates of expansion from the preced-
ing 5000 years (Miller and Wigand 1994).
Restoration and maintenance of native plant
communities in mountain big sagebrush sys-
tems may require a reintroduction of fires that
have shaped its development.
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Plant communities in the Great Basin de-
veloped in response to a natural fire regime,
and the biota evolved adaptations to persist
within its natural range of fire return (Kauff-
man et al. 1997, Pendergrass et al. 1999,
Wroblesky and Kauffman 2002). Individual
survival as well as increased reproductive ef-
fort through fire-enhanced flowering may fa-
cilitate recovery of these plant communities
following fire (Kauffman 1990). Increased
flowering has been observed following fire in
grasses of high deserts east of the Oregon Cas-
cades (Sapsis 1990). Uresk et al. (1976) re-
ported increased vegetative growth in blue-
bunch wheatgrass (Pseudoroegneria spicata
[Pursh] A. Love) following wildfire, but no
difference in number of reproductive culms.

In this study, we examined the effects of
prescribed fire on ungrazed mountain big sage-
brush ecosystems in three different ecological
conditions (cheatgrass [Bromus tectorum L.]
dominated, native dominated, and juniper
dominated) at Lava Beds National Monument,
California, USA. We sought to answer the fol-
lowing research questions: 1) Is there a change
in reproductive effort, cover, or density of na-
tive bunchgrass species following prescribed
fire in ungrazed mountain big sagebrush plant
communities? 2) Is there a differential effect
of prescribed fire on native bunchgrass species
due to the season of burn? 3) Is the response
of these species to fire different in sites with a
different current plant composition (native,
cheatgrass, juniper)? We hypothesized that:
1) reproductive effort would increase in bunch-
grass species in the year following prescribed
fire, and that bunchgrass densities would not
change significantly following fire, but cover
would be decreased in the first post-fire year;
2) plants burned in the fall would have fewer
reductions in cover and density than those
burned in the spring due to lower intensity
burns that occurred after the active growing
season had passed; and 3) bunchgrasses in
sites dominated by native plants with an intact
fire return interval would demonstrate a greater
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reproductive effort and no reduction in cover
and density as compared to bunchgrasses in
sites where the plant communities have been
altered by fire suppression and invasion of ex-
otic plants.

METHODS
Study Area

The study was conducted at Lava Beds Na-
tional Monument, 77 km southeast of Klamath
Falls, Oregon, USA (Figure 1). This area
ranges in elevation from 1228 m along the
shore of Tule Lake to 1725 m at its highest
point (Erhard 1979). The climate is cool and
semi-arid; the average annual precipitation is
39 cm (Miller et al. 2003), and the average
temperature ranges from —1°C in January to

® Gillems Camp

@ Fleener Chimneys

@ Merrill Caves

wr N

0 2 4 8 .

e e Kilometers

* Lava Beds -Le end
National 9
Monument, ® Study Sites

Vg California

Y Boundary —
Lava Beds
National
Monument

Figure 1. Study was conducted at the Lava Beds
National Monument, California, USA, in mountain
big sagebrush ecosystems.
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20°C in July (Erhard 1979). Most naturally
ignited fires occur from July to September,
when dry thunderstorms often coincide with
high temperatures and low fuel moisture con-
tents. Soils are of volcanic origin, and shallow
with basaltic outcrops (Erhard 1979). Lava
Beds National Monument was chosen for this
study due to an existing plant community gra-
dient from cheatgrass dominated in the lowest
elevation site, native dominated at mid-eleva-
tion where access is difficult, and juniper dom-
inated at the highest elevation near the monu-
ment headquarters, where fire has been sup-
pressed. We chose three sites that are classi-
fied as mountain big sagebrush-bluebunch
wheatgrass-Thurber’s needlegrass (Achnather-
um thurberianum [Piper] Barkworth) habitat
type (Erhard 1979), but with variation in plant
composition, land use history, soils, and mi-
crotopography (Figure 2). Historically, fire re-
turn intervals were likely about 50 yr (£20 yr)
(Miller et al. 2003), and were of moderate to
high severity, limiting encroachment of west-
ern juniper.

At the lowest elevation site (Gillems
Camp; elevation: 1234 m to 1244 m), the plant
communities were dominated by a continuous
cover of cheatgrass, with rubber rabbitbrush
(Ericameria nauseosa [Pall. ex Pursh] G.L.
Nesom & Baird), Thurber’s needlegrass, and
squirreltail (Elymus elymoides [Raf.] Swezey)
also common. Because of the close proximity
to water, these areas were likely heavily grazed
by domestic livestock prior to monument es-
tablishment. Soils are classified in the Bake-
oven family (Luckow and Ahuja 2001), which
are well-drained very cobbly fine sandy loams.

The Fleener Chimneys site (elevation:
1341 m to 1362 m) is presumed to have been
grazed less intensively than the Gillems Camp
site due to its distance from water and difficul-
ty of terrain (i.e., lava flows that limit domestic
ungulate movement from water to this site).
Plant communities are dominated by native
vegetation including mountain big sagebrush,
native bunchgrasses (bluebunch wheatgrass,
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Figure 2. Sampling locations represent areas of
different ecological conditions within mountain big
sagebrush communities at the Lava Beds National

Monument, California, USA: a) Gillems Camp,
dominated by invasive cheatgrass with history of
livestock grazing; b) Fleener Chimneys, intact site
dominated by mountain big sagebrush and native
bunchgrass; and c¢) Merrill Caves, dominated by
western juniper with native understory.
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Thurber’s needlegrass, squirreltail, Idaho fes-
cue [Festuca idahoensis Elmer]|) and native
forbs (spiny phlox [Phlox hoodii Richardson],
threadleaf phacelia [Phacelia linearis {Pursh}
Holz.], common yarrow [Achillea millefolium
L.]). Soils are classified in the Searles associa-
tion and are gravelly sandy loams (Luckow
and Ahuja 2001). Few non-native plants occur
on these sites, and there has been minimal en-
croachment by western juniper.

At the highest elevation site (Merrill
Caves; elevation: 1451 m to 1472 m), fire sup-
pression has resulted in the encroachment of
western juniper, with a high cover of trees and
shrubs (mountain big sagebrush, antelope bit-
terbrush [Purshia tridentata {Pursh} DC],
curl-leaf mountain mahogany [Cercocarpus
ledifolius Nutt.]). Soils are in the Searles as-
sociation, with frequent rocky outcroppings.
Frequent understory species include bluebunch
wheatgrass, squirreltail, threadleaf phaecelia,
tapertip hawksbeard (Crepis acuminata Nutt.),
and sulphur-flower buckwheat (Eriogonum
umbellatum Torr.). There were few cheatgrass
individuals, as well as a low incidence of other
exotic plants at this site.

Lava flows throughout the National Mon-
ument act as natural fuel breaks as well as
livestock barriers, and contribute to a diverse
land use and fire history. Management per-
sonnel at Lava Beds National Monument have
demonstrated a commitment to restoration of
native plant communities, structure, and eco-
system function. Livestock grazing was re-
moved from all areas of the National Monu-
ment by the mid 1970s, and plant communi-
ties have responded positively to the release
from this disturbance (Erhard 1979, Martin et
al. 1980, Olsen et al. 1980). Native herbi-
vores, notably mule deer (Odocoileus hemio-
nus Rafinesque) and pronghorn (Antilocapra
americana [Ord]) continue to occupy all areas
within the monument.
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Experimental Design and
Bunchgrass Sampling

The experiment was established as a ran-
domized block design. Five experimental
blocks were established at each of the three
sites. Each block contained three 0.40 ha (1
ac) treatment plots in which either a spring
burn, fall burn, or control treatment was ap-
plied. Spring burns at Fleener Chimneys and
Gillems Camp were conducted on 25 June
2003. Due to weather constraints during 2003,
spring burns at Merrill Caves were not con-
ducted. Fall burns at all three sites took place
on 12 November 2003. Temperature was high-
er and relative humidity was lower during the
spring burns compared to fall burns, and we
saw some differences in resultant fire behavior
measures (flame lengths, rate of spread, etc.;
Kauffman et al. 2006). Both spring and fall
fires burned in a mosaic pattern, burning some
areas and leaving small patches unburned.

Density of bunchgrass individuals was cal-
culated from microplot measurements along
five 20-meter permanent transects within each
treatment plot. Each transect contained two 30
x 60 cm microplots (n = 50 for each treatment
by site combination) at fixed locations along
the transect, in which all bunchgrass individu-
als were identified to species. Measurements
of bunchgrass density were made during the
active growing season immediately preceding
spring fires (June 2003, pre-fire) and one year
following fires (July 2004, post-fire).

Percent cover of bunchgrasses was also
quantified in 30 X 60 cm microplots along per-
manent sampling transects. Pre-fire cover was
measured in late June 2003, and post-fire cover
was measured in early July 2004, during the
active growing season. Change following fire
was analyzed at the microplot level and aver-
aged for each transect.

We quantified reproductive effort of the
most abundant native bunchgrasses (bluebunch
wheatgrass, squirreltail, and Thurber’s needle-
grass) following fall fires. In each plot, the
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number of flowering culms of at least 15 indi-
viduals of each species was counted as they
were encountered along a 20 x 1 meter belt
transect. Measurements were taken during
peak flowering of plants (late in the growing
season). Measurements were taken in late
June 2003 (pre-fire) and early July 2004 (post
fire).

Statistical Analysis

Fixed effects Analysis of Variance (ANO-
VA) models were used to determine whether
there was an effect of fire treatment on bunch-
grass cover, density, and reproductive effort
after controlling for the site and the blocked
design. The interaction of site and treatment
was evaluated in the model to assess whether
there was a different effect of the fire treatment
depending on the site. Because the spring fire
treatment was not applied at the Merrill Caves
site, the site X treatment combination was re-
moved from the analysis and two balanced
two-way ANOVAs were used. One model in-
cluded all three sites and two treatments (con-
trol, fall) as well as the site by treatment inter-
action. A second model included the Fleener
and Gillems sites and all fire and control treat-
ments (control, fall, spring), as well as the site
by treatment interaction. A multiple compari-
son test (Tukey) was used if the F-test for
treatment effect was significant at the P < 0.05
significance level. All statistical analyses were
performed using SPSS 10.0 for Windows
(SPSS, IBM Corporation, Somers, New York,
USA).

RESULTS
Gillems Camp

At the low-elevation, cheatgrass dominated
site, shortened fire return intervals, increased
disturbance, and a continuous fuel load has re-
sulted in a landscape dominated by non-native
annual grass (33% to 41% cheatgrass cover
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before fire) (Ellsworth 2006). The continuous
fuel load provided for high fuel consumption
(spring fires, 89 % consumption from 6.89 Mg
ha' to 0.74 Mg ha'; fall, 81% combustion
from 6.55 Mg ha' to 1.24 Mg ha') (Kauffman
et al. 2006). Although the prescribed fires
were of high intensity with high levels of fuel
consumption (Table 1), density of squirreltail,
Sandberg bluegrass, and bluebunch wheatgrass
did not decline. Spring fires resulted in a de-
crease in density of Thurber’s needlegrass
from 3.3 to 0.8 plants per m? (site x treatment
effect: P < 0.05), but there was no change fol-
lowing fall fires. There was no significant in-
crease in flowering of squirreltail following
fires. In contrast, there was a significant in-
crease in flowering of Thurber’s needlegrass
following fall fires compared to unburned con-
trols (P < 0.01; Figure 3). Fire-enhanced flow-
ering was observed in bluebunch wheatgrass
following fall burns (Figure 4) and this effect
was most pronounced at the Gillems Camp
site. Flowering culms increased from 9 to 31
per plant in fall fire plots, compared to an in-
crease from 9 to 18 culms per plant in un-
burned controls (treatment effect: P < 0.01;
site x treatment effect: P < 0.01). There was
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no significant change in cover of native bunch-
grass species following prescribed fires or in
unburned controls (Figure 5).

Fleener Chimneys

At the native dominated site, cheatgrass
cover was minimal (0.5% to 2% cover before
fire), and there was an intact native bunchgrass
and shrub component (16 % average shrub cov-
er) with interspersed bare ground prior to burns.
Fires were patchy and resulted in a mosaic burn
pattern (Table 1). Fall fires were much lower
in intensity and severity than spring fires, re-
sulting in less consumption of fuel and a patch-
ier burn response. Fuel loads in spring fires
were reduced from 9.98 Mg ha' to 2.16 Mg ha-
I. fuels in fall burns were reduced from 8.98
Mg ha'! to 5.96 Mg ha'. Density of bluebunch
wheatgrass was reduced following spring fires
(from 3.7 plants per m?to 1.9 plants per m?; P
= 0.02) and cover (Figure 5) was reduced in
both spring (7% decrease) and fall (5% de-
crease) burn treatments (P = 0.04). Fire treat-
ments had no significant effects on cover or
density of Thurber’s needlegrass, squirreltail,
or Sandberg bluegrass in the first post-fire year.

Table 1. Weather, fire behavior, and fuel consumption was measured during spring (June 2003) and fall
(November 2003) prescribed fires at Lava Beds National Monument, California, USA (taken from Kauff-

man et al. 2006).

Gillems Camp

Fleener Chimneys Merrill Caves

Spring Fall Spring Fall Fall

Weather (min-max)

Temperature (°C) 17-28 7-12 14-24 6-11 8-16

Relative humidity (%) 28-53 41-55 30-54 53-60 30-68

Wind speed (m s™) 1-2 0-3 1-4 0-2 0-3

Fine fuel moisture (%) 6-10 8-9 5-10 10-11 7-12
Fire behavior (min-max)

Rate of spread (m s™') 0.04-0.07 0.01-0.46 0.01-0.05  0.04-0.41 0.00-0.03

Flame length (m) 0.3-3.0 0.1-3.7 0.2-1.5 0.2-1.8 0.3-4.6
Fuel consumption (mean = 1 SE)

Fine surface fuels (Mg ha™) 2.00£036 2.63+029 035+0.18 1.06+1.21 1.36+0.87

Total fuels (Mg ha'') 6.15+1.27 531+151 550+£231 3.02+148 12.11+6.18




Fire Ecology Volume 6, Issue 3, 2010
doi: 10.4996/fireecology.0603086

Ellsworth and Kauffman: Native Bunchgrass Response to Prescribed Fire

Page 92

-
o

Block(site)
Treatment

P=0.48
P<0.01*
Site P=035
5 [Treatment x Site P =0.48 Q
B

]

Change in number of flowering
culms per individual
o

-10 2

Fleener Fleener Gillems Gillems Merrill Merrill
Control  Fall Control Fall Control Fall

Figure 3. Reproductive effort (number of flower-
ing culms per plant) of Thurber’s needlegrass was
measured following fall prescribed fires and in un-
burned control plots in mountain big sagebrush sys-
tems at the Lava Beds National Monument, Cali-
fornia, USA. Upper bounds of boxes indicate the
seventy-fifth percentile, and lower bounds indicate
twenty-fifth percentile. Line within each box in-
dicates the median. P-values are results of fixed
effects ANOVA model. Asterisks denote statistical
significance at o = 0.05 for model terms.
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Figure 4. Reproductive effort (number of flower-
ing culms per plant) of bluebunch wheatgrass was
measured following fall prescribed fires and in un-
burned control plots in mountain big sagebrush sys-
tems at the Lava Beds National Monument, Cali-
fornia, USA. Upper bounds of boxes indicate the
seventy-fifth percentile, and lower bounds indicate
the twenty-fifth percentile. Line within each box
indicates the median. P-values are results of fixed
effects ANOVA model. Asterisks denote statistical
significance at o = 0.05 for model terms.

Figure 5. Change in cover of native bunchgrass
species following spring (June 2003) and fall (No-
vember 2003) prescribed fire treatments and con-
trols at Lava Beds National Monument, California,
USA. Data were collected prior to spring fires
(2003) and in July 2004. Bars are mean values for
differences in cover and error bars are one standard
error. P-values are results of fixed effects ANOVA
model. Asterisks denote statistical significance at
o =0.05.

Fire-enhanced flowering was apparent in blue-
bunch wheatgrass and Thurber’s needlegrass
plants the year following fall burns. Reproduc-
tive culms increased from 2 per individual be-
fore fire to 9 per individual in the first post-fire
year (treatment effect: P < 0.01; Figure 4) in
bluebunch wheatgrass and from 0.02 to 4 flow-
ering culms per Thurber’s needlegrass individ-
ual following fall burns (treatment effect: P <
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0.01; Figure 3). There was no evidence of fire-
enhanced flowering in squirreltail.

Merrill Caves

At the site characterized by western juni-
per dominance, high fire consumption rates
were measured (a fuels reduction of 21.62 Mg
ha' to 9.51 Mg ha'! in fall burn plots). Under-
story fuels burned in a mosaic pattern, with
some unburned islands remaining following
the prescribed fires. Bunchgrass density and
cover (Figure 5) did not significantly change
following fall fires for any species studied.
Fire-enhanced flowering was observed follow-
ing fall fires in bluebunch wheatgrass and
Thurber’s needlegrass (Figures 3 and 4). Fall
fires resulted in significant increases in flower-
ing for bluebunch wheatgrass from 2 flowering
culms per individual before fire and 12 flower-
ing culms the year following fire (treatment ef-
fect: P < 0.01). Increases in reproductive ef-
fort following fall fire was also measured in
Thurber’s needlegrass (from 1 flowering culm
to 7 flowering culms; P < 0.01). There was no
evidence of fire-enhanced flowering in squir-
reltail at this site.

DISCUSSION

Our results suggest that native bunchgrass
species in ungrazed mountain big sagebrush
ecosystems at Lava Beds National Monument
are well adapted to surviving fire and repro-
ducing in the post-fire environment. Fire did
not result in the significant decrease in density
or cover of most bunchgrass species. Where
significant reductions in density or cover were
measured, there were also increases in post-
fire flowering for the affected species, suggest-
ing a capacity for resilience of these species
following fire.

Fire in the sagebrush ecosystem functions
structurally to decrease woody vegetation and
shift the plant community towards an herba-
ceous, grass-dominated state (D’Antonio and
Vitousek 1992). In the absence of shrub and
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juniper cover, grasses and forbs are able to uti-
lize available nutrient resources and colonize
microsites previously occupied by woody spe-
cies. In other sagebrush ecosystems, fire has
been shown to stimulate vegetative growth of
bunchgrass species (Sapsis 1990), as well as
enhance sexual reproduction of bunchgrasses
(Kauffman and Sapsis 1989) and broad-leaved
herbs (Wroblesky and Kauffman 2002).

While the abundance of native plants at the
Gillems Camp site had increased since mea-
surements by Erhard (1979), there was still a
dominance of invasive annuals such as cheat-
grass and tumble mustard (Sisymbrium altissi-
mum L.). Nevertheless, there was a low mor-
tality of the native bunchgrasses and signifi-
cant post-fire flowering. The removal of sheep
and cattle grazing within the national monu-
ment in 1974 initiated a trend toward reestab-
lishment of native plants in the monument, de-
creasing the dominance of cheatgrass that was
evident in the late 1970s (Erhard 1979). Al-
though the reintroduction of the natural fire re-
gime is a logical approach to the restoration of
sagebrush ecosystems that have been degraded
by anthropogenic disturbance, it is difficult to
predict the response of the native flora to fire
where there is a strong presence of highly
competitive annuals. This study suggests that
the native grasses should be able to persist fol-
lowing fire in mountain big sagebrush commu-
nities at Lava Beds National Monument, even
in the more degraded areas.

In sites where natives dominate, we hy-
pothesized that native plants would respond
positively to prescribed fire. Prior to fire, the
Fleener Chimneys site was dominated by sage-
brush, perennial bunchgrasses, and native
forbs. The increase in reproductive effort and
high survival of all studied bunchgrass species
at this site suggests that they are well adapted
to fire survival under these environmental con-
ditions and that prescribed fire would have few
detrimental effects. Although our results show
some significant changes in cover and density
for studied species, this may largely be a tran-
sient immediate post-fire effect, and warrants
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further monitoring. Other studies have shown
that in relatively intact native bunchgrass com-
munities, fire resulted in an immediate reduc-
tion in density, followed by an increase in sub-
sequent years, largely due to seedling success
in a post-burn environment (Sapsis 1990).
Sapsis (1990) also found that increased seed-
ling establishment of bluebunch wheatgrass
and Idaho fescue following prescribed burns
was characteristic of native bunchgrass com-
munities at John Day Fossil Beds National
Monument, Oregon, USA.

Higher intensity spring fires resulted in
greater decreases in cover and density than
lower intensity fall burns. The weather during
spring burns was warmer and drier, resulting
in lower fine fuel moistures, but patchy vegeta-
tion structure prevented the fire from spread-
ing quickly (Table 1; Kauffman et al. 2000).
With the reintroduction of fire, we found that
reproductive efforts in the native bunchgrasses
increased more in the burned plots than in the
unburned controls. This may be a response to
greater resource availability (water, nutrients,
light availability) in the post-fire environment.
Cover and density of native bunchgrasses were
fairly constant before and after burns, indicat-
ing that these native plants will persist if the
natural disturbance interval is maintained.

Native plants in sagebrush ecosystems
have been shown to respond positively to fire
in previous studies in which plants had been
released from domestic grazing pressure. In
mountain big sagebrush communities of Lava
Beds National Monument following removal
of domestic cattle, Champlin (1983) observed
significant increases in basal area of bluebunch
wheatgrass and Sandberg bluegrass two years
after burning. Conversely, he found decreases
in basal area of Thurber’s needlegrass immedi-
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ately following fire. In an area where domes-
tic grazing had been eliminated 15 years previ-
ously, Sapsis (1990) found that both fall and
spring burning reduced the frequency of inva-
sive annual grasses in basin big sagebrush (Ar-
temisia tridentata Nutt. ssp. tridentata)-blue-
bunch wheatgrass communities at John Day
Fossil Beds National Monument, and increased
reproductive effort of perennial grasses fol-
lowing fall burns. Wright and Klemmedson
(1965) found that early summer burns dam-
aged squirreltail and Thurber’s needlegrass,
but that only Thurber’s needlegrass was
harmed by late summer burning. Sandberg
bluegrass was not affected by either season of
burn. In Wyoming big sagebrush (Artemisia
tridentata Nutt. ssp. wyomingensis Beetle &
Young) communities in eastern Oregon, Da-
vies and Bates (2008) found that the cover and
density of Thurber’s needlegrass was no dif-
ferent than in adjacent unburned areas two
years following fire.

The results of this study and others (Sapsis
1990, Wroblesky and Kauffman 2002) suggest
that in ungrazed systems of various conditions
that are managed for restoration of native eco-
system diversity, native grass species can sur-
vive fire and even benefit from conditions
present in post-fire environments. Lower in-
tensity fall fires provided more positive post-
fire effects than spring fires, suggesting that it
1s more advantageous to apply prescribed fires
when the active growing season has passed
and fires are easier for managers to control.
While a need for longer term monitoring fol-
lowing prescribed fire is imperative, initial
post-fire response suggests that fire-adapted
species will respond positively to prescribed
fire when applied within the natural range of
variability.
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ABSTRACT

Artemisia tridentata ssp. vaseyana ecosystems evolved with periodic fire, but invasive grasses, conifer
encroachment, fire suppression, and climate change have resulted in altered fire regimes and plant
communities. Post-fire increases in invasive annual grasses such as Bromus tectorum and reductions in
native vegetation are common across the sagebrush steppe. Where fire has been excluded though, there
are increases in the native tree Juniperus occidentalis, which outcompetes the native understory. We
applied prescribed fire in spring and fall at three sites (native-dominated, B. tectorum-dominated, and
J. occidentalis-dominated). We documented 65% survival of A. tridentata following fall burns and 33%
survival following spring burns in native-dominated plots, with evidence of post-fire sprouting in Purshia
tridentata and Tetradymia canescens. At the B. tectorum-dominated site, shrub cover was reduced to <1%.
Fires at the J. occidentalis site were discontinuous, resulting in ~50% mortality of trees and shrubs, with
little resprouting. Native herbaceous vegetation persisted following fires, with no increases in
B. tectorum. There were higher plant survival rates following fall fires and native-dominated sites than in
spring burns or where exotics dominated. These results show that burn season and prefire condition are
important considerations when evaluating management alternatives in A. tridentata ssp. vaseyana

ecosystems.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Fire is a critical part of ecosystem function in the vegetation
communities of the sagebrush steppe (Miller et al., 2013). Anthro-
pogenic alterations including urbanization, domestic livestock
grazing, fire suppression, and introduction of exotic plants, how-
ever, have modified plant community assemblages and altered
disturbance regimes (Miller and Eddleman, 2000; West, 2000).
Additionally, increasing pressure to protect late-successional hab-
itats for sagebrush-obligate species (Dahlgren et al., 2015; Murphy
et al., 2013) and a rapidly changing climate further complicate fire
management and planning efforts (Westerling et al., 2006).

Prior to Euro-American settlement, fires occurred approxi-
mately every 15—25 years in Artemisia tridentata ssp. vaseyana
communities, and were often stand-replacement events (Miller
and Rose, 1995). Lightning-ignited fires were common in late
summer. In addition, indigenous groups used fire to maintain
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kauffman@oregonstate.edu (J.B. Kauffman).
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desirable native food plants, for increased crop productivity, and to
manage game species (Griffin, 2002; Shinn, 1980). Following set-
tlement of the western United States by Euro-Americans, fire was
used excessively, and combined with the introduction of livestock,
resulted in degraded rangelands (Young and Blank, 1995). In
response to these practices, policies were established by the early
1900's discouraging planned ignitions and requiring the suppres-
sion of wildfire (Clark and Starkey, 1990).

Plant community composition is impacted by altering fire re-
gimes, as species better adapted to the new regime — often invasive
and early successional species — thrive in the altered environment.
In the sagebrush steppe, two circumstances arising from altered fire
regimes are prevalent. Low elevation areas with low resilience due
to low precipitation and warm soil moisture regimes (Miller et al.,
2013) which were overgrazed by domestic livestock or otherwise
degraded became susceptible to invasion (Chambers et al., 2007,
2014) by Bromus tectorum and other invasive grasses (Boyte and
Wylie, 2016). These grasses have increased the potential for fires
by providing a continuous, dry fuel source and lengthening the fire
season (Paysen et al., 2000). Increased disturbances increase sus-
ceptibility to exotic invasion, and perpetuate a cycle of positive
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feedbacks between increased invasion and frequent fire (D'Antonio
and Vitousek, 1992).

In contrast, fire return intervals in higher elevations of the Great
Basin have been lengthened by fire suppression and removal of fine
fuels by domestic livestock grazing (Burkhardt and Tisdale, 1976;
Miller and Tausch, 2000). Prior to Euro-American settlement,
expansion of Juniperus occidentalis (western juniper) is believed to
have been limited by frequent fires, drought, and competition with
grasses (Kilgore, 1981). Fire exclusion by suppression and reduction
of fine fuels due to livestock grazing have contributed to expansion
because young junipers (<3 m) do not often survive fire (Bunting,
1984). A fire return interval of ~50 years, longer than that often
reported for this mesic end of the sagebrush steppe, is frequent
enough to limit juniper expansion (Burkhardt and Tisdale, 1976).
The current rate of J. occidentalis encroachment into bunchgrass
and sagebrush sites exceeds rates of expansion from the 5000 years
preceding (Miller and Wigand, 1994). Restoration in this ecosystem
may require incorporating fire's natural role to maintain native
plant communities and return structure and function to the
ecosystem (Davies et al., 2011).

Plant species in the Great Basin have developed strategies to
persist within the natural fire regime (Ellsworth and Kauffman,
2010; Wrobleski and Kauffman, 2003). Re-introduction of fire into
intact A. tridentata ssp. vaseyana systems may maintain or restore
native composition and structure (Pyle and Crawford, 1996).
However, where invasive grasses are a dominant ecosystem
component and anthropogenic influences have resulted in the loss
of native species, fire may perpetuate or increase invasive domi-
nance (Chambers et al., 2007), at least in the short term (Ellsworth
et al., 2016; Miller et al., 2013).

Season of burn may be an important determinant of plant
response to fire. Most naturally ignited fires in the sagebrush steppe
coincide with frequent dry lightning during summer and early fall,
but most prescribed fires are set late in the fall, after fuel moisture
increases and likelihood of fire escape is reduced (Miller et al.,
2013). Further, it is expected that fires that occur in the fall, after
the active growing season, result in less direct mortality than
growing season fires because live, moist plant tissue is more subject
to heat-induced mortality than dormant tissue (Wright and
Klemmedson, 1965). Direct comparisons between seasonal im-
pacts of fire on individual plant species and plant communities are
difficult and conclusions often inconsistent due to the confounding
impacts of fire intensity and severity, weather conditions before
and during prescribed burns, and the logistical challenges of
implementing prescribed burning during the active fire season
(Kauffman and Martin, 1990; Pyle and Crawford, 1996; Wright and
Klemmedson, 1965). Where direct comparisons between seasons of
burn have been made (i.e., Ellsworth and Kauffman, 2010; Pyle and
Crawford, 1996; Wright and Klemmedson, 1965), results are highly
variable and focus on individual plant mortality rather than plant
community response. In this study, we quantified the differences in
plant community composition following spring and fall prescribed
fire treatments in sites differing in fire and disturbance history,
elevation, and pre-fire plant composition, but all mapped as the
same A. tridentata ssp. vaseyana plant community type (Erhard,
1979). The response of landscapes to fire is dependent upon on
the condition of the site, the existing plant composition, and the
soil seedbank which will generate postfire vegetation (Davies et al.,
2008; Ellsworth and Kauffman, 2013). Our objective was to quantify
vegetation compositional shifts following spring and fall prescribed
fire in A. tridentata ssp. vaseyana ecosystems in different ecological
conditions: 1) native-dominated- little past fire suppression or
anthropogenic degradation 2) B. tectorum-invaded- intensive his-
toric use and increase in fire frequency and 3) juniper-dominated-
light historic land use but with successful fire suppression. We

hypothesized: 1) at all sites, fire would reduce woody species
resulting in a postfire dominance of herbaceous vegetation; 2)
native forbs and perennial bunchgrasses would respond more
favorably to prescribed fires in the pristine and juniper dominated
sites than in the B. tectorum -invaded site; 3) fall fires will result in
increased cover of perennial bunchgrasses and native forbs than
spring fires; and 4) more shrub cover will be retained after fall fires
than spring fires due to increased heterogeneity of burn response
during cooler weather. To test these hypotheses, we applied three
prescribed burn treatments (spring, fall, unburned control) in a
randomized block design in each of the three sites of differing
ecological condition (native, B. tectorum -invaded, and juniper-
dominated).

2. Methods
2.1. Study site

The study sites were located within the Lava Beds National
Monument, California, 77 km southeast of Klamath Falls, Oregon.
This area ranges in elevation from 1228 m along the shore of Tule
Lake in the northeast to 1725 m at the southwest corner (Erhard,
1979). The climate is cool and semi-arid, with an average annual
precipitation of 39 cm (Miller et al., 2003) and a mean temperature
range from -1° C in January to 20° C in July. Most natural fires occur
from July to September, when dry thunderstorms often coincide
with high temperatures and low fuel moisture contents. The ge-
ology of the monument is unique, with basaltic lava flows and
cinder cones scattered across the landscape. The monument is
located on the north face of Medicine Lake shield volcano, which
has erupted periodically over the last 500,000 years, and most
recently erupted approximately 1100 years BP. Soils are of volcanic
origin, shallow with basaltic outcrops (Erhard, 1979).

Five experimental blocks were established at each of three sites
(Gillems Camp, Fleener Chimneys, and Merrill Caves; Fig. 1) at the
Lava Beds National Monument. Sites were mapped as the same
Artemisia tridentata ssp. vaseyana community type (Erhard, 1979)
but with different land use histories and current species composi-
tion. Fleener Chimneys (pristine site) was dominated by native
perennial grasses and forbs, with predominately A. tridentata ssp.
vaseyana, Tetradymia canescens and Purshia tridentata in the over-
story. There was a significant lava flow between this site and water,
which likely limited historic domestic grazing. Merrill Caves (ju-
niper-dominated site) was characterized by an overstory of
J. occidentalis, with mostly native forbs and bunchgrasses in the
herbaceous layer, and a reduction in the shrub layer. This site was
also far away from surface water but close to the Monument
headquarters, necessitating fire suppression in the area for struc-
ture protection. Gillems Camp (B. tectorum -invaded site) was
located near the historic shore of Tule lake, had a history of
degradation by domestic livestock grazing, and was dominated by
B. tectorum and native bunchgrasses with a sparse cover of woody
vegetation, principally Ericameria nauseosa (grey rabbitbrush).

We employed a randomized block design at each site to conduct
the experiments. Each block (5 per site) contained three plots (each
a minimum size of 0.25 ha) in which a spring and a fall prescribed
fire treatment as well as an unburned control were randomly
assigned. For each combination of site and season of burn, there
were five replicate burn plots for a total of 30 burn plots (plus 15
unburned controls). There was a 5-m burned buffer around all
burned plots.

Spring burns at Fleener Chimneys and Gillems Camp were
conducted in June 2003. Due to weather constraints during 2003,
spring burns at Merrill Caves were not conducted until June, 2004.
Fall burns at all sites were conducted in November 2003. Each fire
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Fig. 1. Artemisia tridentata ssp. vaseyana study sites at Lava Beds National Monument, California, USA. Gillems Camp is a Bromus tectorum-invaded site; Fleener Chimneys is in
pristine, native-dominated condition; Merrill Caves is characterized by dominance of Juniperus occidentalis.

was ignited independently as a backfire along the fireline using a
drip torch. Where fuels were discontinuous, additional spot igni-
tions were used to facilitate fire spread. Although environmental
conditions (temperature, relative humidity) were warmer and drier
during the spring burns than during fall burns, it did not result in
significantly different fire behavior measures (see Ellsworth and
Kauffman, 2010). Both spring and fall fires burned in a mosaic
pattern, burning some areas and leaving others unburned. As
temperatures increased and relative humidity decreased
throughout the days of the burns, rate of spread, flame lengths, and
fireline intensity increased.

2.2. Vegetation community sampling and analysis

Cover of herbaceous vegetation was quantified in 30-
30 x 60 cm microplots (N = 150 for each treatment by site com-
bination) at established locations along permanent transects.
Vegetation cover was quantified in July 2002 (prefire, spring
treatments) and 2003 (prefire, fall and control treatments) and
again in June—July, 2004 (1 year post-fire [1YPF]). Herbaceous cover
for spring burns at Merrill Caves was not collected 1 YPF due to the
later year of burn. Every individual herbaceous plant rooted within
each microplot was identified, and cover (%) was estimated. For
shrub species, cover was measured in five 1 m by 20 m subplots,
adjacent to permanent transects in each plot. Prefire shrub cover
was measured in June 2003 and burned plots were measured again
in June 2004. Shrub cover in control plots was not remeasured and
assumed to remain fairly constant between sample years. Individ-
ual shrubs were counted and summed across burn treatment plots
prefire (2003) and 1YPF (2004) to estimate survival and sprouting
of commonly occurring shrubs (A. tridentata, E. nauseosa, C. visci-
diflorus, P. tridentata, and T. canescens).

Analysis of variance (ANOVA) was used to determine whether

there was a treatment (spring burn, fall burn, or control) or year
(prefire, 1 YPF) effect on cover of vegetation functional groups
(B. tectorum, native forb, shrub, and perennial bunchgrass). Post-
hoc multiple comparisons with a Tukey correction factor were
performed following significant analyses to determine differences
between time periods and determine whether there was a differ-
ential change over time between treatments (interaction term).
Where sample size of individual shrubs was adequate (>40 in-
dividuals per site*treatment combination), two-sample t-tests
were used to determine whether there was a difference in shrub
survival (% of original live shrubs) and basal resprouting (% of
topkilled shrubs) between spring and fall burn treatments for each
shrub species. Analyses were considered significant at o < 0.05 and
suggestive at 0.05<a < 0.10. IBM SPSS Version 23 (IBM SPSS, Inc.,
Chicago, IL) was used for univariate analyses.

Multivariate analyses were used to test for differences in plant
community composition following spring and fall burn treatments.
Multi-Response Permutation Procedures for blocked data (MRBP)
were used to evaluate the strength of a priori groupings of species
assemblages at each site by testing the null hypothesis of no dif-
ference between control and fire treatment groups following fire
treatments. Indicator species analysis (Dufrene and Legendre, 1997)
was used to identify species that were unique to each treatment
group at each site. This analysis generates an indicator value (IV) for
each species present based on species abundance and relative
frequency of each species. Indicator values were then tested for
significance using a Monte Carlo randomization test (McCune et al.,
2002). All species which occurred in fewer than two sample plots
were deleted from the analysis, resulting in 62 species remaining
which reduced noise in the data. Plant community data were
transformed using a square root transformation (McCune et al.,
2002), which improved the distribution of the data. All multivar-
iate statistics were performed using PC-ORD, Version 6.
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3. Results
3.1. Native-dominated site (Fleener Chimneys)

Prescribed fires at Fleener Chimneys were difficult to ignite,
carried poorly, and resulted in a heterogeneous burn pattern,
particularly during fall burns, which had lower temperatures and
higher relative humidities than spring fires (Ellsworth and
Kauffman, 2010). Prior to burns, mean shrub cover at this site was
30% (SE = 3%) across treatment and control plots. Many shrubs
were purposefully ignited, resulting in high mortality of shrubs
(Table 1) and a decrease in post fire shrub cover to 6% cover
(SE = 1%) in spring burn treatments and 18% cover (SE = 3%) in fall
burn treatments (treatment, P = 0.62; time, P < 0.01; treatment*-
time, P = 0.04; Fig. 2). There was 33% mean survival (SE = 20%) of
A. tridentata ssp. vaseyana individuals in spring burns and 65%
mean survival in fall burns (SE = 11%; treatment effect, P = 0.01).
Survival of T. canescens immediately following fire averaged 13%
(SE = 9%) across all burn plots and did not differ by treatment
(P = 0.21). One year following fire, basal sprouting of top-killed
T. canescens averaged 59% and was very heterogeneous across
burn plots (SE = 12%), with no difference between spring and fall
treatments (P = 0.12). We saw only 3 incidences of resprouting
Chrysothamnus viscidiflorus (green rabbitbrush; 9% of total topkilled
individuals) following spring burns and one P. tridentata basal
sprout following fall burns (4% of total topkilled individuals;
Table 1).

Perennial grass cover declined from 17% cover before fire to 6%
cover following spring burns and from 14% cover before fire to 10%
following fall burns. Control plots averaged 9% cover in both sample
years (treatment*time, P = 0.07; Fig. 2). Forb cover averaged 5%
(SE = 3%) prior to fires. One year after fire, forbs increased to an
average of 13% in spring burn plots, which was almost entirely due
to a large response of the native annual Phaecelia linearis, with
slight declines in forb cover in fall fire (3%) and control (3%) plots
(treatment, P = 0.06; time, P = 0.47; treatment*time, P = 0.02).
Invasive annual B. tectorum cover was low across all treatments and
did not increase following fire, averaging 1% prefire (SE = 0.3%) and
0.6% postfire (SE = 0.1%; treatment, P = 0.12; time, P = 0.24;
treatment*time, P = 0.84; Fig. 2).

Table 1

Community analyses revealed a postfire difference between
spring and fall burns and unburned controls (MRBP: P < 0.01,
A = 0.151). Three early seral species were common only in the
higher severity spring burn treatments following fire (P < 0.05):
Plagobothrys tenellus (Indicator value = 85), Epilobium minutum
(57), and Phaecelia linearis (78), and two species were unique to
(unburned islands within) fall burn treatments: Artemisia tridentata
(43) and Tetradymia canescens (62). One species was distinct to the
control treatment both before and after treatments, Stipa occi-
dentalis (45), which appeared to be due to a patchy distribution and
not a treatment effect.

3.2. B. tectorum -invaded site (Gillems Camp)

Fires at the invasive grass-dominated Gillems Camp were of
high intensity and severity, top-killing most vegetation, and leaving
few unburned islands. Prior to treatment, mean shrub cover was
only 3% (SE = 0.4%) and was predominantly E. nauseosa. Shrubs
decreased following fire to <0.01% cover in spring burn treatments
and to 0.12% cover fall burn treatments (treatment, P = 0.13; time,
P < 0.01; treatment*time, P = 0.01; Fig. 2). Fires top-killed 82% of
E. nauseosa individuals with no difference between spring and fall
burns (P = 0.11). No E. nauseosa individuals sprouted following
higher severity spring burns, and only 4.5% (5 out of 84) of topkilled
individuals in fall burns sprouted (P = 0.04; Table 1).

Native perennial bunchgrass cover averaged 9% across fire and
control plots prior to treatment, with declines in the second year to
an average of 5% (SE = 0.8; time effect, P = 0.02) but no evidence of
differences between treatments (treatment, P = 0.87; treatment™-
time, P = 0.23; Fig. 2). Total forb cover ranged from 1 to 3% cover,
with no differences between treatments or years (treatment,
P = 0.67; time, P = 0.59; treatment*time, P = 0.27; Fig. 2).
B. tectorum cover was higher before treatment (mean, 38%; SE = 3)
than after treatment (mean, 9%; SE = 1) but there was no evidence
that this reduction was due to fires, as this reduction also occurred
in control plots (treatment, P = 0.22; time, P < 0.01; treatment*-
time, P = 0.57; Fig. 2).

Community composition differed in the first post-fire year be-
tween burn and control plots (MRBP: P < 0.01, A = 0.110), but not
between spring and fall burn seasons. Indicator species analysis

Individual shrub sample size prefire, percent aboveground consumption immediately after fire, percent basal sprouting and total percent survival (aboveground survival plus
sprouts) one year following spring and fall prescribed fires in Artemisia tridentata ssp. vaseyana-dominated ecosystems at Lava Beds National Monument, California, USA.
Fleener Chimneys was dominated by native vegetation, Gillems Camp was dominated by Bromus tectorum, and Merrill Caves had large amounts of Juniperus occidentalis.

Fleener Chimneys  Spring

Fall

Prefire sample size  Topkilled (%) Resprout (%)

Total Survival (%)

Prefire sample size  Topkilled (%) Resprout (%) Total Survival (%)

E. nauseosa 9 78 14 36 9 100 0 0

C. viscidiflorus 15 80 25 40 23 96 0 4

P. tridentata 17 59 0 41 23 61 7 43
T. canescens 42 98 46 48 51 94 71 73
A. tridentata 405 62 0 38 511 39 0 61
Gillems Camp Prefire sample size  Topkilled (%) Resprout (%) Total Survival (%) Prefire sample size  Topkilled (%) Resprout (%) Total Survival (%)
E. auseosa 131 83 0 17 103 82 6 19
C. viscidiflorus 1 100 0 0 0 — — —
P. tridentata 0 - - - 1 100 0 100
T. canescens 2 100 0 0 0 - — -
A. tridentata 2 100 0 0 0 — - -

Merrill Caves Prefire sample size  Topkilled (%) Resprout (%)

Total Survival (%)

Prefire sample size  Topkilled (%) Resprout (%) Total Survival (%)

E. nauseosa 3 — — —
C. viscidiflorus 8 - - -
P. tridentata 25 - - -
T. canescens 0 — — —
A. tridentata 244 - - -

8 38 33 75
0 - — -
17 100 6 6
0 — — —
242 58 0 42
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Fig. 2. Vegetation cover before (prefire) and after (postfire) spring and fall prescribed
fires and unburned controls in Artemisia tridentata ssp. vaseyana ecosystems at Lava
Beds National Monument, California, USA. Fleener Chimneys is in pristine, native-
dominated condition; Gillems Camp is a Bromus tectorum-invaded site; Merrill Caves
is characterized by dominance of Juniperus occidentalis.

revealed two early successional species that were common only
following spring burns (P < 0.05), Descurania pinnata (Indicator
value = 69), and Sisymbrium altissimum (53), and two species
which were indicator species in control plots, Draba verna (39), and
E. nauseosa (87). No species were indicator species in fall burn plots.

3.3. Juniper dominated site (Merrill Caves)

Shrub cover at the juniper-dominated site, Merrill Caves, was
primarily A. tridentata ssp. vaseyana, and averaged 8% (SE = 0.8)
before burn treatments. Following fall burns, shrub cover was
reduced to an average of 3.0% (SE = 0.9; treatment effect, P = 0.05).
Mortality of the non-sprouting A. tridentata ssp. vaseyana averaged
58% across plots. Five E. nauseosa individuals (63% of total) survived

fall prescribed burns, with one additional individual sprouting after
being topkilled. All P. tridentata individuals (N = 17) were topkilled
in fall fires and only one of these individuals sprouted (Table 1). In
spring burns, 44% of J. occidentalis were killed, and in fall burns, 46%
were killed.

Fall prescribed fire had few immediate post-fire effects on the
cover or composition of herbaceous vegetation at Merrill Caves.
Perennial bunchgrass cover averaged 6% cover (SE = 0.8), with no
treatment or year differences (treatment, P = 0.45; time, P = 0.87;
treatment*time, P = 0.92; Fig. 2). Forb cover averaged 5% cover
(SE = 1), with no differences between treatments or years (treat-
ment, P = 0.11; time, P = 0.80; treatment*time, P = 0.79; Fig. 2).
B. tectorum cover averaged 2% (SE = 1), and did not increase
following fires at this site (treatment, P = 0.33; time, P = 0.19;
treatment*time, P = 0.92; Fig. 2).

There was a difference in overall plant community composition
between fall burns and control plots (MRBP: P < 0.01, A = 0.090).
Indicator species analysis revealed two woody species which were
common only in unburned control plots (P < 0.05), P. tridentata
(Indicator value = 80), and Leptodactylon pungens (80). One annual
early-seral forb species was distinct to the fall burn treatment,
Mentzelia albicaulis (77).

4. Discussion

Across all burn plots, we quantified a disturbance-initiated shift
in Artemisia tridentata ssp. vaseyana plant community composition
from woody-dominance towards a dominance of herbaceous
vegetation, which was consistent with expectations and with pre-
vious work (Seefeldt et al., 2007; Ziegenhagen and Miller, 2009).
While fire behavior (flame lengths, rates of spread, etc.) was very
similar for spring and fall seasons of burn (Ellsworth and Kauffman,
2010), the severity and small-scale heterogeneity of those fire ef-
fects differed by burn season and prefire condition. Lower severity
fall season burns resulted in greater survival and reproductive
effort in perennial, fire-adapted shrub and bunchgrass species
(Ellsworth and Kauffman, 2010). Live plant tissues are generally
more sensitive to heat early in the growing season, when growth
points are active and moisture content is high (Wright and
Klemmedson, 1965), likely contributing to higher mortality and
reduced perennial plant cover following spring fires. Additionally,
fall fires resulted in more heterogeneous burns, with many un-
burned islands inside the fire perimeters. These can serve as
important seed sources for shrub recolonization of the post-fire
environment (Condon and Weisberg, 2016). Spring fires, in
contrast, favored post-fire colonization of early successional species
that varied by prefire condition, with native forbs such as P. linearis,
Mentzelia albicaulis, and Crepis acuminata germinating in native-
dominated burn plots, and weedy species such as B. tectorum,
S. altissimum, and Lactuca serriola in degraded plots (Ellsworth and
Kauffman, 2013).

Community level post-fire response is a function of the adap-
tations that the individual species comprising the community have
for resilience, resistance, and reestablishment following fire
(Chambers et al., 2007; Ellsworth and Kauffman, 2010; Miller et al.,
2013; Wrobleski and Kauffman, 2003). The dominant shrub species
at this site was A. tridentata ssp. vaseyana which is often killed by
fire and requires establishment by seed for shrub regeneration
(Ziegenhagen and Miller, 2009). Seeds are typically only dispersed a
short distance from parent plants, and remain viable only 4—6
years (Schlaepfer et al., 2014; Whisenant, 1990). A. tridentata ssp.
vaseyana typically regains canopy coverage of 20—30% within
20-35 years (Miller and Heyerdahl, 2008; Ziegenhagen and Miller,
2009). Other shrub species of the sagebrush steppe range from
weak to frequent sprouters following fire. For example, T. canescens,
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a prolific resprouting species (Evans and Young, 1978; Pyle and
Crawford, 1996) had resprouting rates between 46% after spring
burns to 71% following fall burns in good condition sites (Table 1).
The capacity of E. nauseosa and P. tridentata to sprout following fire
is less clear (Young and Blank, 1995; Ziegenhagen and Miller, 2009).
Havlina (1995) found that postfire mortality of P. tridentata was
closely related to shrub age (12 = 0.91). Over 66% of shrubs <25
years sprouted following fire while only 20% of the shrubs older
than 25 years sprouted. The survival and post-fire reproductive
capacity (Ellsworth and Kauffman, 2010) of native bunchgrasses,
and the seedbank of native plants (Ellsworth and Kauffman, 2013)
at the native-dominated site provided a post-fire understory rich in
native herbaceous diversity, with very little non-native grass.

Degraded sites are at higher risk for invasion following fire.
Coupled with an increased fire return interval, these sites may
become further dominated by invasives following disturbance
(Chambers et al., 2007; D'Antonio and Vitousek, 1992). Previous
studies conducted at Lava Beds National Monument showed that
the high B. tectorum seed load inhibited the establishment of native
bunchgrasses (Olson et al., 1980; Erhard, 1979). However, livestock
exclusion has resulted in an increase in native flora in more recent
years when compared to these older studies.

At the juniper-dominated Merrill Caves site, the increase in
woody vegetation in the fire-free interval preceding the fires led to
a decline in understory forbs, dense shrub cover, and an increas-
ingly closed canopy. For example, prefire shrub cover at the native-
dominated site was almost 4x greater than at the juniper-
dominated site, indicating a suppression of native shrubs by the
juniper overstory (Miller and Rose, 1999). About half of the juniper
individuals and 63% of shrubs were killed by the burn treatments.
This results in post-fire increases of available water, light, and nu-
trients to understory vegetation, and increased microsites for seed
germination and seedling establishment (Bates et al., 2002; Roundy
etal., 2014). We expect that earlier successional herbaceous species
will continue to dominate the early post-fire period, providing a
mosaic of herbaceous cover and unburned woody patches (Hanna
and Fulgham, 2015).

We caution that the immediate post-fire effects, particularly
those of invasive annual grasses, are not always indicative of longer
term response to fire. In this study we saw no large post-fire
dominance of B. tectorum in the first post-fire year. Other studies
have found similar initial reductions in B. tectorum, due to con-
sumption of litter and seeds, but by the second post-fire year there
was an increase in B. tectorum cover, particularly on historically
overgrazed or otherwise degraded areas (Miller et al., 2013; West
and Hassan, 1985; Young and Evans, 1978). This suggests that it is
likely that there will be increases in B. tectorum in the early post-fire
successional period (~years 2—4) at the degraded Gillems Camp
site. However, because there is ample seed source of native her-
baceous vegetation, and a trajectory of recovery following cessation
of grazing (Erhard, 1979), we expect continued co-dominance of
native and invasive species.

Overall, our results suggest a resilience of the native vegetation
to fire, as evidenced by survival and persistent cover of native
woody and herbaceous species. As expected, the native dominated
sites had more favorable post-fire plant community responses than
the B. tectorum-dominated site. Lower severity fall fires tended to
have higher incidences of native survival and regeneration as
compared to higher severity spring fires. These results show that
season of burn and associated differences in fire severity as well as
pre-fire site condition are important considerations when evalu-
ating appropriateness of fire management options in A. tridentata
Ssp. vaseyana ecosystems.

Acknowledgements

This research would not have been possible without the support
provided by the Joint Fire Sciences Program (Project #01B-3-3-06)
and the National Park Service. We appreciate the comments pro-
vided by two anonymous reviewers, which substantially improved
this manuscript.

References

Bates, J.D., Svejcar, TJ., Miller, R.E, 2002. Effects of juniper cutting on nitrogen
mineralization. J. Arid Environ. 51, 221-234.

Boyte, S.P., Wylie, B.K., 2016. Near-real-time cheatgrass percent cover in the
Northern Great Basin, USA, 2015. Rangelands 38, 278—284.

Bunting, S., 1984. Prescribed burning of live standing western juniper and post-
burning succession. In: Bedell, T.E. (Ed.), Proc. Western Juniper Short Course.
Oregon State Univ. Ext. Ser., Bend, OR, pp. 69—73.

Burkhardt, J.W,, Tisdale, E., 1976. Causes of juniper invasion in southwestern Idaho.
Ecology 57, 472—484.

Chambers, J., Pyke, D., Maestas, ].D., Pellant, M., Boyd, C.S., Campbell, S., Espinosa, S.,
Havlina, D., Mayer, K., Wuenschel, A., 2014. In: Rocky Mountain Research Sta-
tion (Ed.), Using Resistance and Resilience Concepts to Reduce Impacts of
Invasive Annual Grasses and Altered Fire Regimes on the Sagebrush Ecosystem
and Greater Sage-grouse: a Strategic Multi-scale Approach. USDA Forest Ser-
vice, Fort Collins, CO, p. 73.

Chambers, J.C., Roundy, B.A., Blank, R.R., Meyer, S.E., Whittaker, A., 2007. What
makes Great Basin sagebrush ecosystems invasible by Bromus tectorum? Ecol.
Monogr. 77, 117—145.

Clark, R., Starkey, E., 1990. Use of Prescribed Fire in Rangeland Ecosystems. Natural
and Prescribed Fire in Pacific Northwest Forests. Oregon State University Press,
Corvallis, pp. 81-94.

Condon, LA., Weisberg, PJ., 2016. Topographic context of the burn edge influences
postfire recruitment of arid land shrubs. Rangel. Ecol. Manag. 69, 129—133.
D'Antonio, C.M., Vitousek, P.M., 1992. Biological invasions by exotic grasses, the

grass/fire cycle, and global change. Annu. Rev. Ecol. Syst. 23, 63—87.

Dahlgren, D.K.,, Larsen, RT., Danvir, R, Wilson, G., Thacker, E.T., Black, TA.
Naugle, D.E., Connelly, ].W., Messmer, T.A., 2015. Greater sage-grouse and range
management: insights from a 25-year case study in Utah and Wyoming. Rangel.
Ecol. Manag. 68, 375—382.

Davies, KW, Boyd, C.S., Beck, J.L., Bates, ].D., Svejcar, TJ., Gregg, M.A., 2011. Saving
the sagebrush sea: an ecosystem conservation plan for big sagebrush plant
communities. Biol. Conserv. 144, 2573—-2584.

Davies, K.W., Sheley, R.L.,, Bates, ]J.D., 2008. Does fall prescribed burning Artemisia
tridentata steppe promote invasion or resistance to invasion after a recovery
period? J. Arid Environ. 72, 1076—1085.

Dufrene, M., Legendre, P., 1997. Species assemblages and indicator species: the need
for a flexible asymmetrical approach. Ecol. Monogr. 67, 345—366.

Ellsworth, L.M., Kauffman, ].B., 2010. Native bunchgrass response to prescribed fire
in ungrazed mountain big sagebrush ecosystems. Fire Ecol. 6, 86—96.

Ellsworth, L.M., Kauffman, ].B., 2013. Seedbank responses to spring and fall pre-
scribed fire in mountain big sagebrush ecosystems of differing ecological con-
dition at Lava Beds National Monument, California. J. Arid Environ. 96, 1-8.

Ellsworth, L.M., Wrobleski, D.W., Kauffman, J.B., Reis, S.A., 2016. Ecosystem resil-
ience is evident 17 years after fire in Wyoming big sagebrush ecosystems.
Ecosphere 7 (12), e01618.

Erhard, D.H., 1979. Plant Communities and Habitat Types in the Lava Beds National
Monument, California. Oregon State University, Corvallis, OR, p. 173.

Evans, R.A., Young, J.A., 1978. Effectiveness of rehabilitation practices following
wildfire in a degraded big sagebrush-downy brome community. ]J. Range
Manag. 185—188.

Griffin, D., 2002. Prehistoric Human Impacts on Fire Regimes and Vegetation in the
Northern Intermountain West. Fire, Native Peoples, and the Natural Landscape.
Island Press, Washington, DC, pp. 77—100.

Hanna, S.K., Fulgham, K., 2015. Post-fire vegetation dynamics of a sagebrush steppe
community change significantly over time. Calif. Agric. 69, 36—42.

Havlina, D.W., 1995. Fire Effects on Vegetation Diversity, Structure, and Successional
Dynamics in Shrub-steppe and Mixed Conifer Environments of the Hells
Canyon (Idaho).

Kauffman, J.B., Martin, R.E., 1990. Sprouting shrub response to different seasons and
fuel consumption levels of prescribed fire in sierra Nevada mixed conifer eco-
systems. For. Sci. 36, 748—764.

Kilgore, B.M., 1981. Fire in ecosystem distribution and structure: western forests
and scrublands. In: Mooney, H.A., Bonnicksen, T.M., Christensen, N.L., Lotan, J.E.,
Reiners, W.A. (Eds.), Fire Regimes and Ecosystem Properties, pp. 58—89.

McCune, B., Grace, ].B., Urban, D.L., 2002. Analysis of Ecological Communities. MjM
Software Design Gleneden (Beach, OR).

Miller, R., Chambers, J., Pyke, D., Pierson, F.,, Williams, C., 2013. In: Rocky Mountain
Research Station (Ed.), A Review of Fire Effects on Vegetation and Soils in the
Great Basin Region: Response and Ecological Site Characteristics. USDA Forest
Servoce, Fort Collins, CO, p. 126.


http://refhub.elsevier.com/S0140-1963(17)30100-3/sref2
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref2
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref2
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref3
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref3
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref3
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref4
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref4
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref4
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref4
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref5
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref5
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref5
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref6
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref6
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref6
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref6
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref6
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref6
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref7
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref7
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref7
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref7
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref8
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref8
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref8
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref8
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref9
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref9
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref9
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref10
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref10
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref10
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref11
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref11
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref11
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref11
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref11
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref12
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref12
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref12
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref12
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref13
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref13
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref13
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref13
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref14
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref14
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref14
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref15
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref15
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref15
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref16
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref16
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref16
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref16
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref17
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref17
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref17
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref18
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref18
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref19
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref19
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref19
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref19
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref20
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref20
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref20
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref20
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref21
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref21
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref21
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref22
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref22
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref22
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref23
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref23
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref23
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref23
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref24
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref24
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref24
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref24
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref25
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref25
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref26
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref26
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref26
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref26

80 LM. Ellsworth, J.B. Kauffman / Journal of Arid Environments 144 (2017) 74—80

Miller, R.F, Eddleman, L., 2000. Spatial and Temporal Changes of Sage Grouse
Habitat in the Sagebrush Biome. Oregon State University, Agricultural Experi-
ment Station, Corvallis, Or.

Miller, R.F,, Heyerdahl, E., Hopkins, K., 2003. Fire Regimes, Pre- and Post-settlement
Vegetation, and the Modern Expansion of Western Juniper at Lava Beds Na-
tional Monument, California. Oregon State University Agricultural Experiment
Station, 39 pgs.

Miller, R.F, Heyerdahl, E.K., 2008. Fine-scale variation of historical fire regimes in
sagebrush-steppe and juniper woodland: an example from California, USA. Int.
J. Wildland Fire 17, 245—254.

Miller, R.E, Rose, J.A., 1995. Historic expansion of Juniperus occidentalis (western
juniper) in Southeastern Oregon. Gt. Basin Nat. 55, 37—45.

Miller, RF, Rose, J.A., 1999. Fire history and western juniper encroachment in
sagebrush steppe. ]. range Manag. 52, 550—559.

Miller, R.E, Tausch, RJ., 2000. The role of fire in pinyon and juniper woodlands: a
descriptive analysis, Proceedings of the invasive species workshop: the role of
fire in the control and spread of invasive species. Fire Conf. 15-30.

Miller, RE, Wigand, P.E., 1994. Holocene changes in semiarid pinyon-juniper
woodlands. BioScience 44, 465—474.

Murphy, T.,, Naugle, D.E., Eardley, R., Maestas, ].D., Griffiths, T., Pellant, M., Stiver, S.J.,
2013. Trial by fire: improving our ability to reduce wildfire impacts to sage-
grouse and sagebrush ecosystems through accelerated partner collaboration.
Rangelands 35, 2—10.

Olson, C.M., Johnson, A.H., Martin, R.E., 1980. Effects of prescribed fires on vegeta-
tion in Lava Beds National Monument. In: Proceedings of the Second Confer-
ence on Scientific Research in the National Parks. San Francisco, California.

Paysen, T.E., Ansley, R]., Brown, J.K,, Gottfried, GJ., Haase, S.M., Harrington, M.G.,
Narog, M.G., Sackett, S.S., Wilson, R.C., 2000. Fire in western shrubland,
woodland, and grassland ecosystems. Wildland fire in ecosystems: effects of
fire on flora. RMRS-GTR-42 Gen. Tech. Rep. vol. 2, 121—159.

Pyle, W.H., Crawford, ].A., 1996. Availability of foods of sage grouse chicks following
prescribed fire in sagebrush-bitterbrush. J. Range Manag. 49, 320—324.

Roundy, B.A., Young, K., Cline, N., Hulet, A., Miller, R.F,, Tausch, RJ., Chambers, ].C.,

Rau, B., 2014. Pinon—juniper reduction increases soil water availability of the
resource growth pool. Rangel. Ecol. Manag. 67, 495—505.

Schlaepfer, D.R.,, Lauenroth, W.K.,, Bradford, J.B., 2014. Natural regeneration pro-
cesses in big sagebrush (Artemisia tridentata). Rangel. Ecol. Manag. 67, 344—357.

Seefeldt, S.S., Germino, M., DiCristina, K., 2007. Prescribed fires in Artemisia tri-
dentata ssp. vaseyana steppe have minor and transient effects on vegetation
cover and composition. Appl. Veg. Sci. 10, 249—256.

Shinn, D.A., 1980. Historical perspectives on range burning in the inland Pacific
Northwest. J. Range Manag. 33, 415—423.

West, N.E., 2000. Synecology and disturbance regimes of sagebrush steppe eco-
systems. In: Proceedings of the Sagebrush Steppe Ecosystems Symposium, vol.
2000. USDI Bureau of Land Management, pp. 15—26.

West, N.E., Hassan, M.A., 1985. Recovery of sagebrush-grass vegetation following
wildfire. ]. range Manag. 38, 131—134.

Westerling, A.L., Hidalgo, H.G., Cayan, D.R., Swetnam, TW., 2006. Warming and
earlier spring increase western U.S. forest wildfire activity. Science 313,
940—-943.

Whisenant, S.G., 1990. In: McArthur, E. Durant, Romney, Evan M., Smith, Stanley D.
(Eds.), Changing Fire Frequencies on Idaho's Snake River Plains: Ecological and
Management Implications, pp. 5—7.

Wright, H.A.,, Klemmedson, ].O., 1965. Effect of fire on bunchgrasses of the
sagebrush-grass region in Southern Idaho. Ecology 46, 680—688.

Wrobleski, D.W., Kauffman, J.B., 2003. Initial effects of prescribed fire on
morphology, abundance, and phenology of forbs in big sagebrush communities
in Southeastern Oregon. Restor. Ecol. 11, 82—90.

Young, J.A., Blank, R.R., 1995. Cheatgrass and wildfires in the Intermountain West,
California exotic pest plant council symposium proceedings, pp. 1-3.

Young, J.A., Evans, R.A,, 1978. Population dynamics after wildfires in sagebrush
grasslands. J. range Manag. 31, 283—289.

Ziegenhagen, L.L., Miller, R.F,, 2009. Postfire recovery of two shrubs in the interiors
of large burns in the intermountain west, USA. West. North Am. Nat. 69,
195—-205.


http://refhub.elsevier.com/S0140-1963(17)30100-3/sref27
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref27
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref27
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref28
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref28
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref28
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref28
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref29
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref29
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref29
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref29
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref30
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref30
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref30
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref31
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref31
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref31
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref32
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref32
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref32
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref32
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref33
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref33
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref33
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref34
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref34
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref34
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref34
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref34
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref51
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref51
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref51
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref35
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref35
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref35
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref35
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref35
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref36
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref36
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref36
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref37
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref37
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref37
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref37
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref37
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref37
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref38
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref38
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref38
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref39
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref39
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref39
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref39
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref40
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref40
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref40
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref41
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref41
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref41
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref41
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref42
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref42
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref42
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref43
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref43
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref43
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref43
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref44
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref44
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref44
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref44
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref45
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref45
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref45
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref46
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref46
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref46
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref46
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref49
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref49
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref49
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref50
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref50
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref50
http://refhub.elsevier.com/S0140-1963(17)30100-3/sref50

#711

Studies in Avian Biology No. 30:1-13

THE ROLE OF FIRE IN STRUCTURING SAGEBRUSH HABITATS AND
BIRD COMMUNITIES

STEVEN T. Knick, AaroN L. HoLMES, AND RiCHARD F. MILLER

Abstract. Fire is a dominant and highly visible disturbance in sagebrush (4rtemisia spp.) ecosystems. In lower
elevation, xeric sagebrush communities, the role of fire has changed in recent decades from an infrequent
disturbance maintaining a landscape mosaic and facilitating community processes to frequent events that alter
sagebrush communities to exotic vegetation, from which restoration is unlikely. Because of cheatgrass invasion,
fire-return intervals in these sagebrush ecosystems have decreased from an historical pattern (pre-European
settlement) of 30 to >100 yr to 5—15 yr. In other sagebrush communities, primarily higher elevation ecosystems,
the lack of fire has allowed transitions to greater dominance by sagebrush, loss of herbaceous understory, and
expansion of juniper-pinyon woodlands. Response by birds living in sagebrush habitats to fire was related to the
frequency, size, complexity (or patchiness), and severity of the burns. Small-scale fires that left patchy distribu-
tions of sagebrush did not influence bird populations. However, large-scale fires that resulted in large grassland
expanses and isolated existing sagebrush patches reduced the probability of occupancy by sagebrush-obligate
species. Populations of birds also declined in sagebrush ecosystems with increasing dominance by juniper
(Juniperus spp.) and pinyon (Pinus spp.) woodlands. Our understanding of the effects of fire on sagebrush
habitats and birds in these systems is limited. Almost all studies of fire effects on birds have been opportunistic,
correlative, and lacking controls. We recommend using the large number of prescribed burns to develop strong
inferences about cause-and-effect relationships. Prescribed burning is complicated and highly contentious,
particularly in low-elevation, xeric sagebrush communities. Therefore, we need to use the unique opportunities
provided by planned burns to understand the spatial and temporal influence of fire on sagebrush landscapes and
birds. In particular, we need to develop larger-scale and longer-term research to identify the underlying mecha-
nisms that produce the patterns of bird responses to fire in sagebrush ecosystems.

Key Words: Amphispiza belli, Centrocercus urophasianus, Bromus tectorum, disturbance, exotic annual, fire
regime, Oreoscoptes montanus, sagebrush ecosystems, Spizella breweri.

EL PAPEL DEL FUEGO EN LA ESTRUCTURA DE HABITATS DE ARTEMISIA' Y
COMUNIDADES DE AVES

Resumen. El fuego es una perturbacion dominante y evidente en ecosistemas de artemisia (4rtemisia spp.). En
elevaciones bajas, en comunidades de artemisia xérica, el papel del fuego ha cambiado en las tltimas décadas de
una perturbacién infrecuente que mantiene el mosaico del ecosistema y facilita los procesos de las comunidades,
a eventos frecuentes que alternan las comunidades de artemisia a vegetacion exdtica, por lo cual la restauracion
no es muy prometedora. Debido a la invasion del zacate bromo, los intervalos de repeticion de incendios en
los ecosistemas de artemisia han disminuido de su patrén histérico (asentamiento pre-Europeo) de 30> a >100
afios a 5—-15. En otras comunidades de artemisia, principalmente en elevaciones mds altas, la ausencia de fuego
ha permitido transiciones tales como el incremento en dominancia de artemisia, la pérdida de la primera capa
de vegetacion de herbaceas y la expansion de bosques de juniperos-pindn. La respuesta al fuego de las aves
que habitan en habitats de artemisia estaba relacionada a la frecuencia, tamafo, complejidad (o diversidad de
parches), y a la severidad de los incendios. Incendios de pequeiia escala que produjeron parches distribuidos
de artemisia, no afectaron a las poblaciones de aves. Sin embargo, incendios de larga escala que resultaron en
la expansion de largos pastizales y aislaron parches de artemisia existentes, redujeron la probabilidad de ser
ocupadas por especies obligadas de artemisia. Las poblaciones de aves también disminuyeron en ecosistemas
de artemisia, con el incremento en la dominancia de bosques de junipero (Juniperus spp.) y de pinén (Pinus
spp.). Nuestro entendimiento de los efectos del fuego en habitats de artemisia y aves en este sistema es limitado.
La mayoria de los estudios de los efectos del fuego en aves han sido oportunistas, correlativos y con falta de
control. Recomendamos utilizar un gran nimero de quemas prescritas para desarrollar fuertes inferencias de
las relaciones causa efecto. Las quemas prescritas son complicadas y altamente contenciosas, particularmente
en comunidades de artemisia xérica de baja elevacion. Es por esto que para entender la influencia espacial y
temporal del fuego en paisajes y aves de artemisia, necesitamos utilizar la oportunidad tnica que nos dan los
incendios planeados. En particular, necesitamos desarrollar investigacion de amplia escala y de largo plazo,
para identificar los mecanismos que producen los patrones de las respuestas de las aves hacia el fuego en
ecosistemas de artemisia.
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Fire is one of the dominant and most visible
disturbances influencing sagebrush (Artemisia spp.)
ecosystems in the Intermountain region of western
North America. A disturbance is any relatively dis-
crete event in time that disrupts ecosystem, commu-
nity, or population structure and changes resources,
substrate availability, or the physical environment
(Pickett and White 1985:8). Fire is an important dis-
turbance that maintains forb and grass components,
facilitates nutrient cycling, and regulates other eco-
system processes within the sagebrush community.
Because of variation in location, size, frequency,
severity (level of biological and physical impact),
and complexity of fires, the effects of fire on sage-
brush habitats and bird communities are expressed
at multiple scales in space from individual plants to
landscapes and across time scales from immediately
postfire to decades or longer.

Sagebrush habitats dominate >43,000,000 ha
across western North America (Fig. 1) (McArthur
1994, McArthur 2000). Despite this wide distribu-
tion, sagebrush habitats are highly imperiled because
of extensive degradation and loss across much of
their distribution (Knick et al. 2003). Consequently,
conservation of sagebrush habitats and birds is a pri-
mary management concern (Paige and Ritter 1999).

The historical fire regime and role of fire in
sagebrush ecosystems has changed during the past
century. Prior to the late 1800s, recurrent fires that
varied in frequency and severity across a landscape
resulted in a mosaic of sagebrush and interspersed
grassland communities in different stages of commu-
nity succession (Young et al. 1979). Landscapes now
dominated by exotic annual grasses have drastically
increased fire frequency in landscapes (Whisenant
1990, Billings 1994, Peters and Bunting 1994).
In contrast, reduced fine fuel biomass because of
livestock grazing or fire suppression has decreased
fire frequencies in other regions (Miller and Wigand
1994, Miller and Rose 1999). In the interior
Columbia Basin, the departure from pre-settlement
patterns was greatest in sagebrush communities
compared to other habitats (Hann et al. 1997, Hann
et al. 2002).

In this review, we discuss the role of fire in influ-
encing the composition and configuration of sage-
brush systems and subsequent effects on birds living
in these communities. We summarize information
on the historical role of fire and the mechanisms
by which land use and management practices have
altered the fire regime. We then describe the effects
of fire on bird communities caused by changes in the
local vegetation and surrounding landscape. Because
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more fire-related research has been conducted on
Greater Sage-Grouse (Centrocercus urophasianus)
than nongame species, we present findings sepa-
rately. Finally, we identify the critical management
needs and research issues.

HISTORICAL PATTERNS OF VEGETATION
DYNAMICS AND BIRD COMMUNITIES

VEGETATION DyNaMmICs

Sagebrush often is the dominant shrub on salt-
free soils at elevations between 150 and 3,300 m
where precipitation exceeds 178 cm (West 1983,
Miller and Eddleman 2001). We distinguish, when
possible, three subspecies of big sagebrush, which
have different growth and foliage characteristics
and occupy different ecological sites (Shumar and
Anderson 1986, Jensen 1990). Basin big sagebrush
(Artemisia tridentata ssp. tridentata), Wyoming big
sagebrush (Artemisia tridentata ssp. wyomingensis),
and mountain big sagebrush (Artemisia tridentata
ssp. vaseyana) vary along climate, elevation, and
soil gradients. The landscapes occupied by each
subspecies differ in their susceptibility to invasion
by exotic plant species, the disturbance regime, and
subsequent pattern of community succession and
community response. Most studies of bird communi-
ties in sagebrush ecosystems have failed to recog-
nize these differences (with the exception of recent
research on Greater Sage-grouse). We also present
ancillary information on dwarf sagebrush (low
sagebrush [Artemisia arbuscula], black sagebrush
[A. noval)), and salt desert shrub communities which
often intergrade with big sagebrush communities.

Sagebrush is highly sensitive to fire; fire kills
individual sagebrush shrubs and none of the primary
species of Artemisia or subspecies can resprout from
root crowns (West and Young 2000). Historically,
native herbaceous species of annuals and perennials
would increase in the absence of shrubs following
fire. Recovery following burns to sagebrush-domi-
nated landscapes is a function of shrub regeneration
from existing seed sources. Seed production must
come from remaining sagebrush plants that survive
the fire or from pre-existing seed pools. Although
sagebrush seeds present in the soils rarely germinate
after 0.5-1 yr (Young and Evans 1978, Hassan and
West 1986), recruitment of mountain big sagebrush
following complete burns occurred from seeds
produced 3 yr previously (R. F. Miller, personal
observation). Seed dispersal is limited to the imme-
diate area surrounding the mother plant (Young and
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FIGURE 1. Sagebrush habitats cover approximately 43,000,000 ha in western North America. The map depicts the cur-
rent distribution of the primary species of dwarf and tall sagebrush species (Comer et al. 2002). Sagebrush areas are not
shown for states and provinces having limited geographic distribution of sagebrush or for which reliable maps were not

available.

Evans 1989, Meyer 1994) and recovery of large
expanses devoid of sagebrush following burns may
require >100 yr (USDI 1996, Hemstrom et al. 2002).
Therefore, completeness of the burn in destroying
individual plants is the most important factor in
determining the recovery dynamics of burned sage-
brush landscapes.

Pre-settlement fire regimes have been described
for a few communities of big and dwarf sagebrush
systems bordering forested areas (summarized in
Miller and Tausch 2001). However, the lack of large
trees that bear fire history through scarring limits
our ability to date pre-settlement fires and to deter-
mine return intervals for most sagebrush landscapes
(Miller and Tausch 2001). Therefore, proxy infor-
mation on geographic location and topography, plant
life history and fire adaptations, fuel characteristics,
and climate and weather patterns has been used to
supplement the limited direct information.

Pre-settlement fire regimes in the sagebrush
biome were highly variable both temporally and
spatially. Severity and frequency of occurrence
varied among different plant associations and site
characteristics with mean fire-return intervals rang-
ing from as little as 10 yr in higher elevation sites to
greater than 200 yr in lower elevation, xeric regions
(Fig. 2) (Miller and Tausch 2001). Severe fires that
completely burned large areas likely were rare.

BASIN BIG SAGEBRUSH

Basin big sagebrush is the tallest form of big
sagebrush (120-180 cm) and may reach 240 cm in
height (Winward and Tisdale 1977). Basin big sage-
brush occupies areas of deep, loamy soils in annual
precipitation zones from 32-36 cm. Because these
soils are highly fertile, most areas previously domi-
nated by basin big sagebrush have been converted to
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FIGURE 2. Presettlement mean fire-return intervals (MFRI) for salt desert, old growth western juniper-western needlegrass
(Stipa occidentalis), low sagebrush (Artemisia arbuscula Nutt.)-Sandberg bluegrass (Poa sandbergii Vasey), Wyoming big
sagebrush (4. tridentata. ssp. wyomingensis Welsh.)-bluebunch wheatgrass (Agropyron spicatum Pursh)-Thurber needle-
grass (Stipa thurberiana Piper), mountain big sagebrush (4. t. ssp. vaseyana Rydb.)-Idaho fescue (Festuca idahoensis
Elmer), mountain big sagebrush-snowberry (Symphoricarpos spp.), and ponderosa pine (Pinus ponderosa Laws.) com-
munities. Solid circles are MFRI estimates supported by data, and open circles are estimates with little to no information

(derived from Miller and Tausch 2001).

agriculture in Washington (Dobler et al. 1996) and
an estimated 99% of lands once covered by basin big
sagebrush now is absent from the Snake River Plains
in Idaho (Noss et al. 1995). Basin big sagebrush
is less resilient to disturbance than mountain big
sagebrush but is more resilient than Wyoming big
sagebrush. Historical fire-return intervals probably
were >50 yr between fire events but fires may have
been more frequent (10-20 yr) on productive sites
containing greater amounts of basin wildrye grass
(Leymus cinereus).

WyYOMING BIG SAGEBRUSH

Wyoming big sagebrush is widely distributed
through the Intermountain (McArthur 1994).
Wyoming big sagebrush grows in shallower soils
and more xeric conditions (20-30 cm/yr annual
precipitation) compared to basin big sagebrush. The
average size of Wyoming big sagebrush is 45-100
cm (Winward and Tisdale 1977). Very little direct
information exists to document pre-settlement fire
regimes in regions dominated by Wyoming big sage-
brush; estimated fire-return intervals range from 50 to
>100 yr (Wright and Bailey 1982). Fire occurrence,

severity, size, and complexity were probably highly
variable in space and time. Due to limited fuels, most
fires in the pre-settlement landscape probably were
patchy, uneven burns that left islands of sagebrush
within the burn that provided seed sources to initiate
recovery to a shrubland landscape. However, occa-
sional fires with limited spatial complexity probably
occurred under severe weather conditions and in
years following above average moisture resulting in
the build up of fine fuels.

MOUNTAIN BIG SAGEBRUSH

Mountain big sagebrush grows at higher eleva-
tions (usually >1600 m) than basin or Wyoming
big sagebrush. Mountain big sagebrush communi-
ties generally are more resilient to disturbance and
recovers more rapidly than either basin or Wyoming
big sagebrush because of greater precipitation (>30
cm/yr) and possibly longer seed viability. Mountain
big sagebrush sites also are less susceptible to inva-
sion by alien weeds than the other subspecies of big
sagebrush. Historical fire-return intervals are thought
to be relatively frequent (10-25 yr) in the more pro-
ductive communities (Miller and Rose 1999, Miller
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et al. 2000). However, drier sites with reduced fuel
loadings may have had less frequent returns with
moderate severity fires occurring between 30-70 yr.
The fire regime for mountain big sagebrush associa-
tions in arid locations on pumice influenced soils was
characterized by infrequent but high severity, stand
replacement fires that occurred only under severe
weather conditions and may have been >150 yr
(Miller and Tausch 2001).

DWARF SAGEBRUSH

Dwarf sagebrush communities dominated by low
sagebrush or black sagebrush often intergrade with
big sagebrushes. Historic fire-return intervals of low
sagebrush communities are perhaps more variable
than big sagebrush species. The average fire-return
interval in low sagebrush-bluebunch wheatgrass
(Pseudoroegneria spicata) probably ranged between
20-50 yr. For low sagebrush-Sandberg’s bluegrass,
the average fire-return interval probably was >100 yr
(Young and Evans 1981, Miller and Rose 1999).

Salt Desert Shrub

Salt desert shrublands, dominated by mem-
bers of the Chenopodiaceae, cover approximately
16,000,000 ha of western North America (Blaisdell
and Holmgren 1984). Individual shrubs are widely
spaced and total vegetative cover often is sparse.
Invasion by exotic annuals generally is not a prob-
lem except in localized regions and northern parts
of the range. Historical fire returns may have been
as long as 500 yr or greater in salt desert shrub com-
munities. Fire disturbance in these communities
generally was not a significant factor in community
dynamics. However, fire frequency has increased
in recent decades concurrent with increases in bio-
mass and continuity of fine fuels and biomass as a
consequence of invasion by exotic plants (West and
Young 2000, Brooks and Pyke 2001).

BIRD COMMUNITIES IN SAGEBRUSH
ECOSYSTEMS

Bird species whose distribution is closely tied to
sagebrush habitats during at least part of the year are
considered sagebrush obligates (Braun et al. 1976,
Paige and Ritter 1999). These include Greater Sage-
grouse, Gunnison Sage-Grouse (Centrocercus mini-
mus), Sage Thrasher (Oreoscoptes montanus), Sage
Sparrow (Amphispiza belli), and Brewer’s Sparrow
(Spizella breweri) although these species also
may use other shrubland habitats. Gray Flycatcher

(Empidonax wrightii) relies heavily, although not
exclusively, on sagebrush habitats (Sterling 1999).
The above species place their nests in or beneath
big sagebrush shrubs and occur in a wide spectrum
of structural conditions. Other widespread species
that use sagebrush habitats include Lark Sparrow
(Chondestes  grammacus) and  Black-throated
Sparrow  (Amphispiza  bilineata).  Green-tailed
Towhee (Pipilo chlorurus) is common in mesic
sagebrush communities and the Loggerhead Shrike
(Lanius ludovicianus) occurs throughout most of
the sagebrush biome, with the highest densities
associated with the taller shrub communities (Yosef
1996). Species primarily associated with grasslands
adjacent to sagebrush habitats include Burrowing
Owl (Athene cunicularia), Western Meadowlark
(Sturnella neglecta), Horned Lark (Eremophila
alpestris), Vesper Sparrow (Pooecetes gramineus),
Grasshopper Sparrow (Ammodramus savannarum),
and Long-billed Curlew (Numenius americanus)
(Knick and Rotenberry 2002). Grasshopper and
Vesper sparrows are associated with perennial
bunchgrass cover (Janes 1983, Vander Haegen et al.
2000). Long-billed Curlews (Numenius americanus)
and Burrowing Owls (Athene cunicularia) are gen-
erally associated with shorter stature grasslands in
open habitats (Green and Anthony 1989, Pampush
and Anthony 1993).

Patterns of distribution and bird diversity are
dictated in part by structural and floristic characteris-
tics of vegetation at a local scale (Rotenberry 1985)
and sagebrush habitats generally support fewer bird
species than other more diverse habitats (Rotenberry
1998). Species diversity increases when sagebrush
habitats form a shrub-grassland mosaic. Avian diver-
sity further increases when tree components, such as
pinyon-juniper woodlands, form part of the mosaic
(Medin et al. 2000). However, as dominance by
trees increases, the shrub layer and often the herba-
ceous components decrease (Miller et al. 2000) and
result in a decrease in avian abundance and diversity
(Medin et al. 2000).

Bird assemblages in presettlement sagebrush-
dominated sites near the end of a fire cycle likely
were dominated by the sagebrush obligate species.
Grassland species, such as Vesper and Grasshopper
sparrows (Ammodramus savannarum), Western
Meadowlarks (Sturnella neglecta), and Horned
Larks (Eremophila alpestris) would increase follow-
ing a fire as a function of shrub removal. Songbird
species obligate to sagebrush habitats may not
respond immediately to landscapes in which <50%
of original shrub canopy cover is reduced (Petersen
and Best 1987). However, larger, high severity burns
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like those in Wyoming big sagebrush-bunchgrass
communities in which shrub removal is more com-
plete likely resulted in reductions in these birds that
use sagebrush, and even rendered blocks of habitat
unsuitable for years until shrubs reestablished. In
relatively mesic plant communities in the mountain
big sagebrush cover type where mean fire-return
intervals were <20 yr, burns also probably were spa-
tially complex due to their low severity. Increased
fire occurrence in this cover type usually resulted in
more but smaller fires (Miller and Rose 1999).

Recent large-scale conversion of shrublands to
expanses of annual grasslands is contributing to a
reduced structural complexity in the plant commu-
nity and a corresponding decrease in bird commu-
nity diversity. At the other extreme, high densities
of sagebrush or pinyon and juniper and depleted
herbaceous understories caused by livestock grazing
and fire suppression have simplified these systems
and do not provide suitable habitat for grassland
species. Thus, the relatively low diversity in native
shrubsteppe systems has been reduced and habitats
and avian communities further homogenized.

DISRUPTIONS TO NATURAL FIRE REGIMES
IN SAGEBRUSH COMMUNITIES

Livestock GRAZING

Livestock grazing over the past 140 yr is the
single most important influence that has changed
sagebrush habitats and influenced fire regimes
throughout the Intermountain West (Robertson 1954,
Bock et al. 1993, West and Young 2000). Livestock
grazing can increase the frequency of fires by dis-
turbing soils and reducing competition from native
grasses to facilitate spread of the highly flammable
cheatgrass (Shaw et al. 1999). In mesic sagebrush
communities not favorable to cheatgrass, grazing by
livestock on perennial grasses and forbs reduced the
fine fuels available to spread fires across a landscape
and increased the interval between fires (Miller and
Rose 1999, Miller and Tausch 2001). Excessive
grazing of herbaceous components in these systems
increases shrub density and cover. In south central
Oregon, the role of fire was greatly reduced after
1870, just after the introduction of large numbers
of livestock, but 46 yr before organized fire sup-
pression (Miller and Rose 1999). Active fire sup-
pression (especially after the 1940s) and a reduction
in human ignition furthered the reduction in fires
(Miller and Rose 1999). Finally, management of
sagebrush landscapes has been directed primarily
toward increasing forage biomass and conditions for
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livestock grazing. Prescribed fires have been used to
eradicate sagebrush (Vale 1974, Braun et al. 1976)
and large areas replanted to nonnative perennial
grasses, such as crested wheatgrass (Agropyron cris-
tatum) (Hull 1974, Evans and Young 1978, Young
1994). However, shrub eradication also may increase
the susceptibility of the area to weed invasions and
increased risk to subsequent fires.

ENCROACHMENT BY JUNIPER AND PINYON
PINE WOODLANDS

Communities dominated by juniper (Juniperus
sp.) and pinyon (Pinus sp.) woodlands further
disrupt natural fire regimes because they become
essentially fire-proofed and lengthen the time
between fires (Miller and Tausch 2001). Sites that
have transitioned from shrubsteppe to woodland may
now burn only with severe weather conditions that
create crown fires in tree-dominated communities.
The consequences of burns also are much different
than in historic times because those communities
now may be converted to habitat sinks dominated by
annual grasslands.

Juniper and pinyon species currently occupy over
30,000,000 ha in the Intermountain West. Prior to
European settlement, pinyon-juniper woodlands were
estimated to have occupied less than 30,000,000 ha
(Gedney et al. 1999). While these woodlands have
fluctuated historically in extent (Tausch 1999), the
post-settlement expansion is unprecedented compared
to those during the Holocene (Miller and Wigand
1994). The increase in juniper and pinyon woodlands
are primarily a result of livestock grazing that reduced
the grass and forb fuels coupled with a correspond-
ing decrease in historical fire frequencies that killed
fire-prone woodlands (Savage and Swetnam 1990,
Miller and Rose 1999, Miller and Tausch 2001).
Approximately 45 yr are required for a tree to reach
3 m in height; trees <3 m are easily killed by fires
(Miller and Tausch 2001). Climate shifts also have
played a role in the expansion of juniper and pinyon
woodlands and increased atmospheric carbon dioxide
may be accelerating rates of canopy expansion (Miller
and Rose 1999, Miller and Tausch 2001).

NON-NATIVE PLANT INVASIONS
CHEATGRASS

The introduction of cheatgrass to the arid por-
tions of the sagebrush biome has fundamentally and

perhaps irreversibly altered the natural fire regime by
increasing the frequency and severity of fires (West
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1979). Consequently, wildfires have caused extreme
rates of fragmentation and loss of shrublands and
now maintain the vast expanses of exotic annual
grasslands by short fire-return intervals (Young and
Evans 1973, Peters and Bunting 1994). Fire frequen-
cies reduced from 30 to >100 yr between fire events
to as low as 5-15 yr in parts of the Snake River
Plains (Whisenant 1990) have altered significantly
not only current habitats but also the future dynam-
ics of these systems (Knick and Rotenberry 1997,
Knick 1999). Many Wyoming big sagebrush com-
munities in more arid regions at low elevations now
exist in an grassland state from which recovery to a
shrubland landscape may not be possible (Westoby
1981, Laycock 1991, Allen-Diaz and Bartolome
1998, West and Young 2000).

Cheatgrass was well established throughout
much of its current distribution in the Intermountain
West by 1930 (Stewart and Hull 1949, Piemeisel
1951, Klemmedson and Smith 1964, Mack 1981).
However, cheatgrass has rapidly increased its domi-
nance in native plant communities in the past 30 yr
(Monsen 1994). Although cheatgrass can colonize
regions in the absence of fire (d’Antonio 2000),
the combination of fire, livestock grazing, habitat
management practices, other disturbances, and cli-
mate conditions have most rapidly facilitated the
heavy dominance by cheatgrass in sagebrush sys-
tems (d’Antonio and Vitousek 1992, Young 1994).
Cheatgrass now dominates the understory in many
sagebrush ecosystems and an estimated 25% of the
original sagebrush steppe has been converted to
annual grasslands (West 2000).

Cheatgrass colonizes and dominates a system
through a variety of mechanisms by which it out com-
petes native plants for resources and promotes a self-
sustaining fire disturbance (Pyke and Novak 1994,
Pyke 2000). Cheatgrass out competes native plants
by germinating in the autumn, remaining dormant
through winter, and putting on new growth during
early spring. The shallow rooting system is especially
adapted to capture available soil water and nutrients.
Cheatgrass sets abundant seed annually and senesces
earlier than native grasses which advances the onset
of the fire season. The dense, continuous cover of
cheatgrass compared to intermittent fuels provided by
native bunchgrasses promotes fire spread resulting in
the increase in fire frequency and larger, more com-
plete, and less complex fire patterns.

OTHER NON-NATIVE PLANT INVADERS

We have focused on cheatgrass in this review
because of its ability to change the form and function

of entire landscapes. Other exotic plants that may
invade independently of or subsequent to cheatgrass
domination (Shaw et al. 1999) include medusahead
wildrye (Taeniatherum asperum), yellow star-thistle
(Centaurea solstitialis) and other species of the
genus Centaurea, halogeton (Halogeton glomera-
tus), rush skeleton-weed (Chondrilla juncea), and
barbwire Russian thistle (Salsola paulsenii). The
unfortunate reality is that we may not yet be at the
bottom of the ecological barrel in the succession
of sagebrush landscapes. Removing or control-
ling cheatgrass, such as by use of herbicides (Ogg
1994, Shaw and Monsen 2000), may only open the
landscape to an increasingly undesirable plant com-
munity that is incompatible with birds dependent on
sagebrush ecosystems.

USE OF PRESCRIBED FIRE IN SAGEBRUSH
ECOSYSTEMS

The use of prescribed fire to manipulate habitats
is one of the most common yet most contentious
issues in management of sagebrush ecosystems
(Miller and Eddleman 2001, U.S. Department of
Interior 2002, Wambolt et al. 2002). Total area
of prescribed burning by the U.S. Bureau of Land
Management increased from 56,000 ha in 1995
to 861,094 ha in 2001 (National Interagency Fire
Center 2003). Cost to conduct prescribed burns
increased from $1,200,000 in 1996 to $10,600,000
in 1999. Objectives for prescribed burning include
(1) control of annual grasses, (2) reduction of cover
density of sagebrush, (3) promotion of grass and forb
growth, and (4) the control expansion of juniper and
pinyon woodlands. Despite the increased amount of
areas treated by prescribed fire, its use should be con-
sidered cautiously because subsequent restoration of
sagebrush communities after burning is extremely
difficult due to low and variable precipitation, com-
petition for resources by exotic vegetation, disrup-
tion of nutrient cycles, and continued disturbance
by grazing domestic livestock (Allen 1988, Meyer
1994, Roundy et al. 1995, Mclver and Starr 2001).
Therefore, use of prescribed burning to reduce den-
sity of sagebrush and promote grass and forb growth
should be considered only in those sagebrush types,
such as mountain big sagebrush landscapes, that have
favorable precipitation and consequent resilience to
disturbance. Although individual small burns (<10
ha) are recommended (USDI 2002), the high cost of
conducting small projects may be prohibitive.

Prescribed burning may reduce cheatgrass on
a short-term basis but original densities can return
within 2 yr from seeds remaining in the seed bank
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(Pyke 1994). Timing of prescribed burns to control
cheatgrass is critical. Prescribed fires during the
period of seed maturation can reduce the densities
of cheatgrass. However, fires conducted after seed
dispersal have little effect and may increase future
dominance of exotic plants because of nitrogen
released during the burn (Stubbs 2000, Brooks and
Pyke 2001). Prescribed burning also may facilitate
invasion by an additional suite of noxious weeds.
We conclude that fires, including prescribed burns in
more xeric landscapes dominated by Wyoming and
basin big sagebrush, likely will have the unintended
consequence of stimulating cheatgrass production
and dominance (Bunting et al. 1987).

THE EFFECT OF FIRE ON BIRDS IN
SAGEBRUSH HABITATS

Very little information has been published on
bird response to fire in sagebrush environments.
Our search of the primary literature revealed few
published papers that examined direct effects of a
particular fire event, although several additional
papers evaluated the longer-term effect of fires at
a landscape scale (Table 1). With few exceptions,
studies of a particular fire event examined short-term
responses in abundance, as opposed to the response
of demographic parameters such as productivity and
survival. Few studies used before and after treatment
designs with controls (Petersen and Best 1999).
Such studies examining short-term responses to fire
have serious limitations (Rotenberry et al. 1995,
Petersen and Best 1999). Chief among them is that
shrubsteppe songbirds may respond slowly to envi-
ronmental disturbances (Best 1972, Castrale 1982,
Wiens and Rotenberry 1985, Wiens et al. 1986) and
the observed short-term response may not accurately
portray long-term effects (Petersen and Best 1999,
Knick and Rotenberry 2000).

ErrECTS OF FIRE

Birds that use sagebrush as their primary habitat
declined dramatically in landscapes where shrub
removal was complete and at large scales (Bock and
Bock 1987, Knick and Rotenberry 1995, Knick and
Rotenberry 1999). Loggerhead Shrikes, which also
rely on shrublands for nesting habitat, were reduced
by approximately 50% following a large mosaic
burn in a basin and Wyoming sagebrush community
(Humple and Holmes, unpubl. data). Because exten-
sive, high-severity fires are increasing in frequency
in lower elevation xeric communities, substantial
expanses of habitat unsuitable for shrub dependent
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species are created until shrubs reinvade and estab-
lish appropriate cover. In unaltered systems this pro-
cess can take decades (Hemstrom et al. 2002). When
sagebrush re-establishment is precluded either by
recurring wildfire or by lack of seed sources within
the burned area, habitat loss for birds depending on
sagebrush habitats may be permanent.

Numbers of songbird species obligate to sage-
brush ecosystems were not greatly reduced over the
short term with partial removal (<50%) of sagebrush
(Best 1972, Petersen and Best 1987, Petersen and
Best 1999). Although approximately 50% of the
sagebrush cover was removed, a patchy distribution
of sagebrush remained at a larger scale in the land-
scape and continued to provide the habitat structure
and components used by nesting birds.

Numbers of Horned Larks and Vesper Sparrows
increased or remained unchanged following fire
(Table 1). Similar responses by these species (as
well as decreases in one or more sagebrush obligate
species) have resulted when shrubs were removed
through mechanical clearing or herbicide (Best
1972, Schroeder and Sturges 1975, Wiens and
Rotenberry 1985).

Abundance of Western Meadowlarks or
Grasshopper Sparrows did not change in response
to burns (Table 1), although their habitat associa-
tions suggest that they should benefit from increases
in the cover of grasses. Western Meadowlarks had
greater probabilities of occurrence in regions where
landscape measures of shrub cover were lower
because of frequent and recurring wildfires (Knick
and Rotenberry 1999).

Burning could improve habitat for Long-billed
Curlews by removing shrubs and creating a more
open habitat (Pampush and Anthony 1993). In the
year following a fall range fire, breeding density of
Long-billed Curlews increased 30% at a site in west-
ern Idaho (Redmond and Jenni 1986). Burrowing
Owls have colonized recently burned areas (Green
and Anthony 1989), but this may have been due to
combined changes in habitat structure and prey pop-
ulations. Long-term population increases for Long-
billed Curlews and Burrowing Owls, determined
from Breeding Bird Surveys (Sauer et al. 2001), sug-
gest populations of these species may be benefiting
from conversion of sagebrush habitats to more open
annual grasslands in the Columbia Plateau.

Only one study (Petersen and Best 1987) exam-
ined how fire influenced reproductive success of
songbirds. Nestling growth or reproductive output
for either Sage Sparrow or Brewer’s Sparrow was
unchanged in 3 yr following a fire that removed
approximately 45% of the shrubs (Petersen and Best
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1987). The lack of measurable short-term responses
in this and other studies of the effects of disturbance
on shrubland birds may be in part attributable to time
lags on individual and population responses stem-
ming at least in part from site tenacity by breeding
adults (Wiens et al. 1986, Knick and Rotenberry
2000).

EFrFECTS OF FIRE SUPPRESSION

The expansion of juniper and pinyon wood-
lands in regions where fire has been suppressed has
changed habitat structure and composition of associ-
ated bird assemblages. Woodland species, including
Ash-throated Flycatcher (Myiarchus cinerascens),
Pinyon Jay (Gymnorhinus cyanocephalus), American
Robin (Turdus migratorius), Mountain Bluebird
(Sialia currocoides), Juniper Titmouse (Baeolophus
ridgwayi), and Western Kingbird (Tyrannus vertica-
lis), among others, colonize shrubsteppe habitat once
sufficient woodland structure is provided (Medin et
al. 2000). Brown-headed cowbirds (Molothrus ater)
also increased in communities having juniper wood-
lands (Rienkensmeyer 2000, Noson 2002). Shrub
cover consistently declined in big sagebrush com-
munities when juniper increased (Tausch and West
1995, Miller et al. 2000). Herbaceous vegetation also
declined where restrictive soil layers were present
(Miller et al. 2000). Loss of structural complexity in
the shrub and herbaceous layers as a result of wood-
land development negatively affects many wildlife
species. Shrub and ground nesting birds declined
as a function of increasing western juniper density
(Fig. 3). Brewer’s Sparrows had lower nest survival
in areas of increased tree density (Welstead 2002)
and abundance decreased as a function of proximity
to woodland edge (Sedgewick 1987). Thus, reduced
use of habitat in or near woodlands may stem in part
from avoidance of nest predators.

SAGE-GROUSE AND FIRE

Fire has been promoted widely as a tool to
improve habitat quality for nesting and brood-rear-
ing in sage-grouse (Wambolt et al. 2002). The
primary management objective by using fire is to
achieve or maintain a balance of shrubs, forbs, and
grasses, at various scales throughout the landscape.
In mountain big sagebrush, burns may be conducted
to limit the expansion of fire-prone juniper and pin-
yon to reduce potential perches for raptors and to
limit the conversion of shrub steppe habitats. The
outcomes of fire on sage-grouse habitat may be a
function of site potential, site condition, functional

25 -
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FIGURE 3. Abundance of ground and shrub nesting bird
species in relation to density of western juniper trees >8 cm
diameter at breast height in Lassen County, California 2002
(Point Reyes Bird Observatory, unpubl. data). Data points
represent average values of four point count sampling sta-
tions within each study site. The abundance index is the
mean number of detections per survey point within 100 m.

plant groups, and pattern and size of burn (Miller and
Eddleman 2001).

Direct evidence that prescribed fires have ben-
efited sage-grouse is virtually non-existent (Table 2).
A short-term increase in forb production occurs after
some fires (Harniss and Murray 1973; Martin 1990;
Pyle and Crawford 1996) but not others (Fischer et
al. 1996; Nelle et al. 2000). Forb response following
a fire is a function not only of pre-burn site condi-
tion but also precipitation patterns. Because recov-
ery of sagebrush canopy cover to pre-burn levels
may require 20 yr or longer, short-term benefits of
increased forb production may not balance the loss
of sagebrush canopy requisite for nesting by sage-
grouse (Fischer et al. 1996, Nelle et al. 2000).

Declines in lek attendance by Greater Sage-Grouse
and rates of lek extinction during the 5 yr after a fire
were greater in a Wyoming big sagebrush community
where 57% of the habitat was affected by a prescribed
fire compared to the surrounding regions (Connelly et
al. 2000). Dramatic declines in populations of Greater
Sage-Grouse were correlated with habitat losses from
a 2,000% increase in fire incidence in Idaho and sub-
sequent conversion of Wyoming big sagebrush com-
munities to cheatgrass habitats (Crowley and Connelly
1996). Therefore, the usefulness of prescribed fire for
sage-grouse in arid sagebrush communities probably
is very limited.

Negative impacts from fire exist even in the more
resilient mountain big sagebrush communities. For
both nesting and brood rearing, Greater Sage-Grouse
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TABLE 2. RESPONSE BY SAGE GROUSE AND IMPORTANT BROOD REARING HABITAT FEATURES TO FIRE IN SAGEBRUSH HABITATS.

Dominant Years
sagebrush post
Response variable State type burn Response* Reference
Rate of lek loss ID Wyoming 1-5 - Connelly et al. 2000
Lek attendance 1D Wyoming 1-5 - Connely et al. 2000
Nesting use 1D Wyoming 1-2 0 Martin 1990
OR Various 1-60 - Byrne 2002
Brood rearing use OR Various 1-60 - Byrne 2002
Movement patterns 1D Wyoming 1 0 Fischer et al. 1997
Forb cover 1D Wyoming 1 0 Fischer et al. 1996
ID Mountain > 0 Nelle et al. 2000
ID Mountain 1 + Martin 1990
OR Mountain 1 + Pyle and Crawford 1996
Insect abundance OR Mountain 1 0 Pyle and Crawford 1996
1D Wyoming 1 - Fischer et al. 1996
ID Mountain > 0 Nelle et al. 2000
*+ = increase; — = decrease; 0 = no effect or study inconclusive

avoided burns that were <20 yr old and lacked sage-
brush cover (Byrne 2002). In landscapes with a short
fire-return interval, unburned areas played an impor-
tant role in population maintenance.

Although sage-grouse evolved in an ecosystem
where fire was an important disturbance factor, fire-
return intervals have been lengthened in mountain
big sagebrush and shortened in Wyoming sagebrush.
Decisions to use or suppress fire for managing habi-
tat for sage-grouse must be made with extreme cau-
tion and on a site-by-site basis.

CRITICAL MANAGEMENT QUESTIONS AND
RESEARCH ISSUES

Successional dynamics in sagebrush ecosys-
tems are described by state-and-transition models
of alternative pathways and thresholds (Westoby
1981, Laycock 1991, Allen-Diaz and Bartolome
1998, West and Young 2000). We need to identify
environmental factors, such as plant association, cur-
rent condition, soil type, elevation, and climate that
facilitate transition into undesirable states following
fire disturbance. We then need to map those regions
that have a high risk of displacement of sagebrush
by cheatgrass or that are at risk of pinyon-juniper
expansion. Identification of those environmental
factors and corresponding maps of risk assessment
would greatly assist land managers in understanding
the potential effect of fire in sagebrush communities.
This information could be used by agencies to pri-
oritize areas for prescribed burning, fire suppression,
and rehabilitation activities.

Sagebrush is one of the few habitats in which

large areas of planned burning occurs every year,
thus presenting an opportunity to conduct experi-
ments absent in most other areas of North America.
Therefore, planned burns provide an opportunity to
determine the influence of fire disturbance on sage-
brush ecosystems. Study designs that include control
sites can be used to identify pre- and post-fire dynam-
ics and to determine causal relationships between
birds and habitats. Although most prescribed fires
are site-specific, larger-scale objectives also are pos-
sible because managers use multiple burns to manip-
ulate landscapes at the large spatial extents used by
birds such as sage-grouse (Hann and Bunnell 2001,
Morgan et al. 2001). Because distribution and abun-
dance of birds in sagebrush communities is based on
a complex process of selection for habitat features
(Wiens et al. 1987, Rotenberry and Knick 1999,
Knick and Rotenberry 2002), we recommend large-
scale (>100,000 ha) and long-term (>10 yr) designs
to adequately understand the mechanisms by which
birds respond to fire and plant community succession
in sagebrush habitats.

We emphasize that demographic parameters
such as productivity and survival are a critical com-
ponent in elucidating the mechanisms by which
populations respond to habitat changes due to fire.
Except for measures of nest success, no studies have
determined the effects of fire on productivity per
unit area or age-structured survivorship of birds in
sagebrush habitats. Development of demographic
models (Caswell 2001) can provide the mechanisms
of population response to habitat disturbance but
requires the commitment of large-scale and long-
term research and funding.
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SUMMARY

Fire was a spatially and temporally complex dis-
turbance in the sagebrush biome ranging from 10
to >200-yr return intervals with varying severities
in communities dominated by sagebrush (4Artemisia
spp.) and may have been >500 yr in some salt-des-
ert shrub communities. The frequency of fires that
completely burn large areas has increased dramati-
cally in some regions, particularly in Wyoming big
sagebrush communities at low elevations contain-
ing a cheatgrass understory. In other regions,
widespread reductions in fire frequency and extent
followed the introduction of livestock to western
rangelands and resulted in increased shrub cover,
loss of herbaceous understory, and increasing rates
of woodland encroachment. Populations of bird

species that use sagebrush as their primary habitat
declined either from conversion of sagebrush land-
scapes to cheatgrass dominated grasslands or to
increases in woodland cover. We expect that popu-
lations of grassland birds, including Long-billed
Curlews, Horned Larks, and Burrowing Owls, will
increase with greater proportions of grasslands in
the landscape. Similarly, increases in pinyon and
juniper should benefit populations of bird species
associated woodlands.
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