
CHAPTER ELEVEN

Pre–Euro-American and Recent Fire in Sagebrush Ecosystems

William L. Baker

Abstract. Sagebrush (Artemisia spp.) ecosystems 
are under threat from a variety of land uses, dis-
turbance, and invasive species, and are also 
thought by some to have been affected by fire 
exclusion and require burning as a part of restora-
tion. To better understand the historical range of 
variation (HRV) of fire in sagebrush ecosystems 
and whether sagebrush fire regimes today have 
too much or too little fire, I estimated fire rotation 
(expected time to burn the area of a landscape)
in sagebrush ecosystems under the HRV. Esti-
mates derived from five sources are �200 years
in little sagebrush (A. arbuscula), 200–350 years 
in Wyoming big sagebrush (A. tridentata ssp. 
wyomingensis), 150–300 years in mountain big 
sagebrush (A. t. ssp. vaseyana), and 40–230 years 
in mountain grasslands containing patches of 
mountain big sagebrush with longer rotations in 
areas where sagebrush intermixes with forests. 
Landscape dynamics under the HRV were likely 
dominated in all sagebrush areas by infrequent 
episodes of large, high-severity fires followed by 
long interludes with smaller, patchier fires, allow-
ing mature sagebrush to dominate for extended 
periods. Fire rotation, estimated from recent fire 
records, suggests fire exclusion had  little effect on 

fire in sagebrush ecosystems. Instead, cheatgrass 
(Bromus tectorum), human-set fires, and global 
warming may have led to too much fire relative to 
the HRV in four floristic provinces within the 
range of sagebrush in the western United States. 
Sagebrush ecosystems would generally benefit 
from rest from disturbance. Global warming is 
likely to increase fire, and widespread prescribed 
burning of sagebrush is unnecessary. Where 
cheatgrass occurs, fire suppression is sensible. In 
areas of depleted understories, restoration to re-
establish native plants is needed if sagebrush
ecosystems are to effectively recover from future 
disturbance.

Key Words: Artemisia, fire, fire exclusion, fire rota-
tion, landscape dynamics, mean fire interval.

Incendios Pre–Euro-Americanos y Recientes en 
Ecosistemas de Artemisa

Resumen. Los ecosistemas de sagebrush (Artemi-
sia spp.) están bajo amenaza por una variedad de 
usos del suelo, de alteraciones, de especies invasi-
vas, y también hay personas que consideran que 
han sido afectados por la exclusión de incendios y 

Baker, W. L. 2011. Pre–Euro-American and recent fire in sagebrush ecosystems. Pp. 185–201 in S. T. Knick and J. W. 
Connelly (editors). Greater Sage-Grouse: ecology and conservation of a landscape species and its habitats. Studies in Avian 
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que requieren de los mismos como parte de la 
restauración. Para entender mejor el rango de 
variación histórico (HRV) de los incendios en los 
ecosistemas de artemisa y si los regímenes actu-
ales de incendios de la artemisa tienen mucho o 
muy poco fuego, estimé la rotación de incendio 
(tiempo estimado para quemar el área de un ter-
ritorio) en ecosistemas de artemisa bajo el HRV. 
Las estimaciones, derivadas de cinco fuentes, son 
�200 años en little sagebrush (A. arbuscula),
200–350 años en Wyoming big sagebrush (A. tri-
dentata ssp. wyomingensis), 150–300 años en 
mountain big sagebrush (A. t. ssp. vaseyana), y 
40–230 años en terrenos de pastos de montaña 
que contienen parches de mountain big sage-
brush, con rotaciones más largas en áreas donde 
la artemisa se mezcla con bosques. La dinámica 
del territorio bajo HRV probablemente fue domi-
nada, en todas las areas de artemisa, por episo-
dios poco frecuentes de incendios grandes de alta 
severidad, seguidos por largos intervalos con fue-
gos mas pequeños y por parches, permitiendo a la 
artemisa madura dominar por extensos períodos. 
La rotación de incendios, estimada a partir de reg-
istros recientes de fuego o incendios, sugiere que 

la exclusión de incendios tiene poco efecto sobre 
los incendios en ecosistemas de artemisa. En 
cambio el cheatgrass (Bromus tectorum), los fue-
gos iniciados por humanos, y el calentamiento 
global pueden haber llevado a demasiado fuego 
con relación al HRV en cuatro provincias florales 
localizadas dentro del rango de distribución la 
artemisa en el del oeste de EEUU. Los ecosiste-
mas de artemisa generalmente se beneficiarían si 
tuviesen un periodo de reposo luego de un distur-
bio. El calentamiento global es probable que 
incremente los incendios, y el quemado disemi-
nado prescrito de artemisa no es necesario. Donde 
hay cheatgrass la supresión del fuego es sensible. 
En áreas donde la vegetación debajo de los árboles 
o arbustos está agotada, la restauración para rees-
tablecer plantas nativas es necesaria si se pretende 
que los ecosistemas de artemisa se recuperen 
efectivamente de alteraciones o disturbios 
futuros.

Palabras Clave: Artemisia, dinámica del paisaje, 
exclusión del fuego, incendio, intervalo medio de 
incendios rotación del fuego.

Sagebrush (Artemisia spp.)–dominated eco-
systems are threatened by energy develop-
ment, housing, roads, domestic livestock 

grazing, invasive species, global warming (Knick 
et al. 2003, this volume, chapter 12; Miller et al., this 
volume, chapter 10), and by fire. Large  wildfires are 
occurring and managers also burn sagebrush for 
a variety of purposes. However, understanding of 
the historical role of fire in sagebrush ecosystems 
is under revision. Scientists commonly suggested 
fire was frequent in sagebrush ecosystems prior 
to Euro-American settlement, and subsequent 
exclusion of fire allowed tree invasion, particu-
larly into high- elevation sagebrush communities 
(Miller and Rose 1999; Miller et al., this volume, 
chapter 10) or an increase in sagebrush density 
(Winward 1991). However, new evidence suggests 
fire was not historically frequent in sagebrush 
(Baker 2006a), and recent scientific consensus is 
that data on historical fire regimes are insufficient 
to ascertain how important fire exclusion has 
been for tree invasion into sagebrush ecosystems 
(Romme et al. 2008). Better understanding of the 
historical range of variability (HRV; Landres et al. 

1999) of fire is needed to determine if sagebrush 
ecosystems today are deficient in fire or have a 
surplus, and whether fire maintained sagebrush 
and prevented tree invasions. The few centuries 
before Euro-American settlement have the most 
relevant information for the HRV.
 Part of the current revision regarding the histori-
cal role of fire is because past methods used to study 
fire under the HRV have been shown to be inaccu-
rate (Kou and Baker 2006a,b; Baker 2006b), and 
replacements have been developed (Kou and Baker 
2006a). Past studies used composite fire intervals 
(CFIs) in adjoining forests to conclude that sage-
brush burned frequently under the HRV (Crawford 
et al. 2004; Miller et al., this volume, chapter 10). This 
idea was mirrored in a prototype national assess-
ment by the LANDFIRE program (Rollins and Frame 
2006). However, first estimates of fire rotation and 
new estimates of mean fire interval were presented 
in a recent critical review, which concluded that fire 
in sagebrush ecosystems had long rotations and long 
mean fire intervals under the HRV (Baker 2006a).
 New research has since appeared, and the pur-
pose of this chapter is to update what is known 
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about HRV for fire regimes in sagebrush ecosys-
tems building on parts of Baker (2006a), but with 
added evidence and an emphasis on landscape 
dynamics. Baker (2006a) estimated only low val-
ues for fire rotation and mean fire interval, but 
here I estimate the full range. I also include the 
first analysis of recent fire rotation in sagebrush 
ecosystems relative to fire rotation under the HRV. 
I focus on fire and sagebrush taxa, but emphasize 
that these ecosystems include a diversity of other 
shrubs, grasses, and forbs (Knick et al. 2005; Miller 
et al., this volume, chapter 10). Fire has largely 
negative effects on Greater Sage-Grouse (Centro-
cercus urophasianus; Nelle et al. 2000, Knick et al. 
2005, Beck et al. 2009). In this chapter, I focus on 
the historical role of fire in sagebrush ecosystems 
rather than indirect influence on sage-grouse.

FIRE CONTROLS THE LANDSCAPE MOSAIC

The intensity or energy release of fires in sagebrush 
can vary over a sevenfold range because of variation 
in fuel loads, fuel moisture, and wind speed (Sapsis 
and Kauffman 1991), but sagebrush fires are nearly 
all high-severity or stand-replacing, not low- or 
mixed-severity (Baker 2006a). A low-severity fire 
would burn beneath the shrubs but not kill above-
ground stems. A mixed-severity fire would burn in 
places beneath shrubs without top killing them, 
while killing them in other places. High-severity 
fire implies that the sagebrush or other shrub that 
burns is top killed; in most sagebrush taxa, the 
plant is also killed, because most taxa do not res-
prout after fire. The evidence for high-severity fires 
in sagebrush was summarized by Britton and Clark 
(1985:23): “It is relatively unimportant how fast the 
fire moves, how hot the fire is, or what the fire 
intensity is . . . if a fire front passes through an area, 
the sagebrush will be killed.” Since fire does not 
generally burn through sagebrush stands at low 
severity, low-severity fire does not thin sagebrush 
stands, and exclusion of low-severity fire cannot 
lead to increases in sagebrush density within a 
stand, as implied by Winward (1991). 
 Fire or fire exclusion instead shapes the land-
scape mosaic, which consists of patches of burned, 
recovering, and long-unburned sagebrush vary-
ing in density, height, cover, and other attributes 
(Figs. 11.1a,b). Characteristics of the mosaic are 
shaped by several aspects of the fire regime, 
including fire rotation and mean fire interval, fire 
sizes, and pattern of unburned area. 

TRANSITION IN FIRE HISTORY AND THE 
ROLE OF FIRE IN SAGEBRUSH

Fire-history terms and methods must be dis-
cussed, because revision of methods is a primary 
reason that understanding of the role of fire in 
sagebrush is in transition. Fire rotation is the 
expected time to burn once through a land area 
equal to that of a landscape of interest (Baker and 
Ehle 2001, Reed 2006). Fire rotation is the only 
fire-regime parameter that quantifies how long it 
takes, on average, for fire to burn across a particu-
lar landscape, and it is the key parameter to know 
and understand in managing fire. Historical fire 
rotation under the HRV must be known to deter-
mine whether a particular landscape today has a 
deficiency or surplus of fire. 
 The population-mean fire interval, which is the 
average point-mean fire interval (mean interval 
between fires at a point in the landscape) across a 
landscape, is equal to the fire rotation (Baker and 
Ehle 2001), and this equivalency is a central con-
cept. Reed (2006) suggested this equivalency did 
not hold, but this is incorrect because of an error 
in Reed’s analysis (Baker 2009). This equivalency 
means that each individual estimate of point-
mean fire interval also estimates the fire rotation 
near that point in the landscape. Fire rotation 
across a landscape can be estimated from a statis-
tical sample of point mean fire intervals across a 
landscape. This can also be reversed. Fire rotation 
provides expected mean fire interval at any point 
in the landscape. If mean fire interval across sam-
ple points is 100 years, fire rotation is an esti-
mated 100 years. If fire rotation is 100 years, then 
we expect to find mean fire intervals of about 100 
years at points. 
 Fire rotation can be calculated at any spatial 
extent by summing areas of individual fires over a 
period of observation and dividing the period by 
the fraction of the landscape burned:

 
FR �   t �

�
i=1

n

ai � A
 (Eqn. 11.1)

where FR is fire rotation in years, t is the period of 
observation in years, ai is the area of fire i of n 
total fires observed over period t, and A is the areal 
extent for which fire rotation is being estimated. 
For example, in a period of 50 years, if 7,500 ha of 
a 10,000-ha study area burns, the fire rotation is 
50/(7,500/10,000) � 66.67 years. Fire rotation can 
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also be estimated by the mean of a set of estimates 
of point-mean fire interval.
 Spatial heterogeneity in fire regimes can be 
analyzed at multiple spatial scales by estimating 
either fire rotation in a set of subareas or mean 
fire interval in a set of points across a landscape 
(Baker 1989). Point estimates are smaller samples 
that are inherently less accurate. Fire rotation is 
not just a coarse-scale measure, and mean fire 
interval is not just a fine-scale measure of fire, as 
suggested (Miller and Heyerdahl 2008; Miller 
et al., this volume, chapter 10). Both measures 
can be calculated at any spatial scale, and the two 
measures are directly related by the equivalency 
of fire rotation and average mean fire interval 
across a sample of points.
 Revision of fire-history methods has arisen 
because a commonly calculated measure has been 
shown not to accurately estimate the mean fire 
interval at a point. The common measure derives 

from composite fire intervals (CFIs), which are 
obtained by making a complete list (composite) of 
fires that burned a particular number or fraction 
of sample trees in a study area. Intervals are calcu-
lated between the fires in the list, along with sum-
mary parameters such as mean CFI. 
 Mean CFI nearly always underestimates the 
length of the actual mean fire interval at a point 
(Baker and Ehle 2001; Baker 2006b; Kou and Baker 
2006a,b). These studies explain the reasons: (1) fires 
are commonly included in the composite list that 
did not actually burn the point because sampling 
areas are too large; (2) most fires are small and do 
not burn the whole study area, but CFI does not 
adjust for fire size; (3) mean CFI declines as sample 
size increases, an undesirable property that means 
its value may be more related to sample size than a 
property of a fire regime; (4) intentional targeting of 
particular sample areas and particular sample trees 
has been common and biases CFI estimates toward 

Figure 11.1. Fires in sagebrush in the last few years illustrating spatial heterogeneity and human effects: (a) 2007 fire near 
Burns, Oregon, illustrating a mosaic of burned and unburned areas, including topographic effects (background on hillside) 
and either shifts in wind or variation in fuel loading or fuel moisture (foreground); (b) Murphy complex fires of 2007 in 
southern Idaho and northern Nevada, illustrating a large, high-severity fire with few unburned areas; (c) cheatgrass and dead 
sagebrush on the Snake River Birds of Prey National Conservation Area, Idaho; (d) bulldozer fire line up a hill in a 2007 fire 
in northern Nevada. 
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shorter intervals; and (5) the longest fire intervals, 
which are often incomplete, are commonly omitted, 
biasing CFI toward shorter intervals.
 An empirical study (Van Horne and Fulé 2006) 
and a simulation study (Parsons et al. 2007) 
 suggested CFI was accurate, but only compared 
among different methods of estimating CFI, 
rather than to a known mean fire interval or fire 
rotation. Computer simulation that did compare 
CFI to known mean fire interval and fire rotation 
(Kou and Baker 2006b) and empirical analysis 
that compared CFI to fire rotation known from 
mapped fires (Baker 2006b) both confirm CFI is 
inaccurate. Modifications of CFI also fail and CFI 
likely cannot be fixed (Kou and Baker 2006a,b).
 A new estimator of point-mean fire interval has 
been derived and shown by simulation to be accu-
rate and unbiased (Kou and Baker 2006a), but has 
not yet been applied near sagebrush landscapes. In 
the meantime, calibration shows that point-mean 
fire interval, as well as fire rotation and population-
mean fire interval, can be estimated as a multiple 
of mean CFI (Baker and Ehle 2001, Kou and Baker 
2006b). For example, in a Grand Canyon calibra-
tion, mean CFIs of about 5–20 years were found 
where fire rotations and average mean fire inter-
vals actually were about 45–292 years (Baker 
2006b). The best current estimate is that mean CFI 
can be multiplied by 3.6–16.0 to estimate point-
mean fire interval or average mean fire interval and 
fire rotation (Baker and Ehle 2001, Baker 2006b). 
I will use this estimate later in this analysis. Review 
of sagebrush fire regimes in Miller et al. (this vol-
ume, chapter 10) is based on uncorrected CFIs. 

ESTIMATING HISTORICAL FIRE ROTATION 
USING MULTIPLE LINES OF EVIDENCE

Fire rotation and mean fire interval are difficult to 
reconstruct in large expanses of sagebrush. Sage-
brush plants do not record fire scars that can be 
dated, older stand origins from fire cannot be 
dated, and few locations are likely to yield adequate 
pollen and charcoal evidence. Thus, sources of 
information about fire rotation and mean fire 
interval in sagebrush landscapes are limited to: (1)
fire-scar records from adjoining forests, (2) fire-
rotation estimates in adjoining forests, (3) fire-
frequency estimates from macroscopic charcoal 
records in sediments near sagebrush, and (4) 
sagebrush recovery time. All of these lines of evi-

dence were used to estimate ranges of fire rota-
tion and mean fire interval in sagebrush. 

A New Estimate of Adjacency Correction

The first two sources, both from forests, require 
correction to estimate fire rotation and mean fire 
interval in adjacent sagebrush. These two are val-
uable sources that can provide annual-resolution 
fire history, but the need for correcting them is 
unavoidable, since they are from forests that may 
have different fire regimes. Miller and Heyerdahl 
(2008) used inference based on fuels, soils, and 
succession to qualitatively suggest fire regimes in 
sagebrush near forests, but a repeatable quantita-
tive estimation method is needed, which I call 
adjacency correction.
 To estimate fire rotation in sagebrush, I pro-
posed an adjacency correction of 2.0 (Baker 
2006a), so if fire rotation was 400 years in wood-
lands, it would be estimated as 800 years in adja-
cent sagebrush. The basis for this correction was 
the number of lightning strikes per fire start in 
sagebrush (N � 144), in Douglas-fir (Pseudotsuga 
menziesii; N � 42), and in ponderosa pine (Pinus 
ponderosa; N � 24) in Idaho (Meisner et al. 1994); 
thus, fire was three to six times less likely to ignite 
in sagebrush than in forests. Seven to 23 times 
fewer fires per unit area occurred in sagebrush 
than in forests in Colorado (Fechner and Barrows 
1976). I chose 2.0 as a conservative estimate of the 
needed correction. However, ignition rates and 
fire-density estimates may have little relationship 
with fire rotation.
 To better refine needed adjacency correction, 
I estimated recent fire rotations in sagebrush and 
pinyon-juniper (Pinus-Juniperus) woodlands 
throughout the western United States; the ratio of 
fire rotations likely provides a better correction. I 
used a point map of fires that gives area burned 
by each fire (but not its boundary) from 1980 to 
2003 (United States Bureau of Land Management 
2004). The Westgap map of the national GAP pro-
gram, a mapping program using satellite imagery 
(United States Geological Survey 2005b), was used 
to select fires in sagebrush (codes 74, 75) and 
pinyon-juniper (codes 67–69). Areas of individual 
fires were used to estimate fire rotation for the 
24-year period (Equation 11.1). Fire rotation was 
235 years for sagebrush and 409 years for pinyon-
juniper, yielding a ratio of 0.57. This suggests 
Baker’s (2006a) adjacency correction was  incorrect. 
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Fires may ignite at a lower rate and occur at lower 
density in sagebrush than woodlands and forests 
(Baker 2006a), but must burn more land area per 
fire in sagebrush. Perhaps this is because of the 
more open and windy environment of sagebrush 
and relatively few barriers to fire spread. 
 The maps (United States Bureau of Land 
Management 2004, United States Geological 
Survey 2005) have limitations, and some 
assumptions must be made. The map of fires is 
a point map, but one with area burned for each 
fire, not a polygon map with explicit fire bound-
aries; some incorrect selections could have 
occurred because of where the point was 
mapped. Some duplicate records were found 
and some areas of sagebrush appear lacking in 
fire records. A period of 24 years is insufficient 
to accurately estimate long rotations. Polygon 
records would overcome some of these prob-
lems. Fire rotation for 1980–2007 in sagebrush 
from polygon records was 169 years, based on a 
weighted mean of province estimates using 
province area as weights (Table 11.1), compared 
to 235 years for the point map. This suggests 
the point map underestimates fire rotation, but 
there is no comparable polygon fire map for 
pinyon-juniper woodlands. Finally, these recent 
fire rotations may differ from fire rotations 
under the HRV, but the ratio of rotations may be 
less affected by land uses, particularly if land 
uses had similar effects in these ecosystems.
 Thus, as an improved but still approximate 
adjacency correction, I assume fire rotation in 
sagebrush under the HRV was 0.57 times 
(235 / 409) fire rotation in pinyon-juniper 
woodlands, where correction is needed. Two sit-
uations occur. Where woodlands or forests sur-
round, or are in close proximity to, small areas 
of sagebrush, it is more likely the fire regime is 
dominated by the woodland or forest fire regime, 
and no adjacency correction is applied. The 
adjacency correction is applied only where 
woodlands or forests adjoin large areas (hun-
dreds of hectares) of sagebrush. Correction is 
not available by sagebrush taxon. 
 This adjacency correction has some calibration, 
but could be improved by further research. It 
would be desirable to have a full modern calibra-
tion (sensu Baker and Ehle 2001) that analyzes 
how to accurately estimate fire rotation in sage-
brush from data in nearby forests, using a mod-
ern sagebrush landscape in which data from 

mapped fires are available. Modern calibration 
has been completed for few fire-history methods 
(Baker and Ehle 2001, Baker 2006b). 

Estimating Sagebrush Fire Rotation from Fire 
History in Adjoining Forests

Adjacency correction is needed for both fire-scar 
and fire-rotation estimates from adjoining forests. 
Fire-scar records on trees near sagebrush stands 
actually require two corrections to estimate fire 
rotation in sagebrush landscapes. I first used the 
known range of multipliers for CFI, 3.6–16.0, and 
the 0.57 adjacency correction to estimate mean fire 
interval and fire rotation. Adjacency correction is 
likely not needed if sagebrush area is small and sur-
rounded by forest, but otherwise the 0.57 correction 
is applied. Estimated fire rotations, after correc-
tions, are from all available fire-scar studies of sage-
brush near forests (Table 11.2). These estimates 
have a large range because of large correction 
ranges and are of less value than other sources. 
 Fire-rotation estimates are inherently better esti-
mates because they do not require correction using 
CFI multipliers, as do CFI estimates. New studies 
since Baker (2006a) are included (Table 11.1). 
Pinyon-juniper woodlands adjoin much sagebrush, 
particularly Wyoming big sagebrush (Artemisia tri-
dentata ssp. wyomingensis), little sagebrush (A. 
arbuscula), and mountain big sagebrush (A. triden-
tata ssp. vaseyana). No adjacency correction is likely 
needed or used where woodlands surround smaller 
areas of sagebrush.
 In one case, researchers estimated the actual 
areas of each reconstructed fire, and fire rotation can 
be estimated using Equation 11.1. This was a study 
of a mosaic of mountain big sagebrush and Doug-
las-fir forest in Montana (Heyerdahl et al. 2006). I 
interpolated the area of 11 fires from 1700–1860, 
representing the HRV, from the study’s Fig. 11.3b to 
be 10, 175, 75, 40, 110, 210, 30, 50, 210, 110, and 300 
ha, for a total of 1,320 ha burned in the 1,030-ha 
study area in a 160-year period. This is a fire rotation 
of 125 years, based on Equation 11.1. No correction 
is needed for adjacency, since the mosaic is an inter-
mixture of sagebrush and Douglas-fir forests. The 
fire-size estimates of Heyerdahl et al. (2006) are 
based on a convex hull around locations with evi-
dence of a fire, but unburned areas likely occurred 
in the sagebrush. Using the best available estimate 
of unburned area in mountain big sagebrush (21%; 
Baker 2006a), corrected fire rotation and average 
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mean fire interval in mountain big sagebrush would 
be �160 years, based on Equation 11.1. This is the 
only available estimate of fire rotation in mountain 
big sagebrush near Douglas-fir forests. The mean 
CFI across the study area would be 16 years (160/ 
(11 – 1)), reinforcing the conclusion that fire rota-
tion and mean fire interval are 3.6–16 times the 
mean CFI (10.0 times in this case).

Estimating Sagebrush Fire Rotation from 
Macroscopic Charcoal in Sediments

Macroscopic charcoal fragments and pollen from a 
permanent spring show the relationship between 
fire, drought, and sagebrush abundance over the 
last 5,500 years in central Nevada (Mensing et al. 
2006). Macroscopic charcoal generally reflects 
larger fires within watersheds (Mensing et al. 
2006), and this was supported by a charcoal peak 
associated with a �1,400-ha fire in 1986 near the 

spring. Upland vegetation was Wyoming big sage-
brush with some basin big sagebrush (A. tridentata 
ssp. tridentata), salt desert shrubs, and wetland veg-
etation near the spring. Inferred fire frequency is a 
count of the number of fire events per 1,000-year 
period in the watershed based on charcoal peaks 
identified by particular thresholds above a back-
ground level (Fig. 11.2). The A/C ratio represents 
the ratio of Artemisia pollen to pollen of salt desert 
plants (Chenopodiaceae and Sarcobataceae fami-
lies); positive values represent wetter climate with 
more Artemisia, and negative values represent drier 
climate with more salt desert plants. 
 The A/C ratio suggests that as the climate 
became wetter and sagebrush increased, so did 
the fire frequency (Fig. 11.2). The authors suggest 
that fire frequency could not be calculated, 
because individual fires could not be resolved. 
However, macroscopic charcoal likely identifies 
periods of large total burned area that most 

TABLE 11.2
Sagebrush area, sagebrush area burned, and estimated recent fi re rotation and mean fi re interval, 

using equation 11.1 by fl oristic province (Fig. 11.4).

Estimates are based on total area burned over the period 1980–2007 (data from Miller et al., 
this volume, chapter 10). Years of record are less than the full 28 yr between 1980–2007 because of 

missing or incomplete data. Sagebrush area by fl oristic province is from GIS analysis of 
a map of sagebrush from the U.S. LANDFIRE program (S.P. Finn, pers. comm.).

Floristic province
Sagebrush area

(ha) � a

Total sagebrush
area burned

(ha) � b

Fraction of
sagebrush

burned 
� b/a

Years between
1980–2007

with usable data

No. of
usable 
years
(N)

Estimated fire
rotation (yr) 
� N/(b/a)

Columbia Basin 2,677,204 327,814 0.12 1994, 1996, 
1999–2003, 
2006, 2007

9 74

Northern Great 
Basin

6,749,895 1,104,730 0.16 1980–2003, 
2006, 2007

26 158

Snake River Plain 11,285,028 4,208,448 0.37 1980–2003, 
2006, 2007

26 70

Wyoming Basin 9,113,938 263,983 0.03 1994–2003 10 345

Southern Great 
Basin

10,212,674 2,180,419 0.21 1980–2003, 
2006, 2007

26 122

Colorado Plateau 2,031,744 89,787 0.04 1994–1996, 
1998–2003, 
2006, 2007

11 249

Silver Sagebrush 5,474,227 555,417 0.10 1984, 1985, 
1988–2003, 
2006, 2007

20 197
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 contribute to fire rotation, which does not require 
individual fire years, only accumulated burned 
area (Equation 11.1). It is not likely each charcoal 
peak represents a fire that burned all of a study 
area; it may require �1 detected peak to accumu-
late burned area equaling a study area. The inverse 
of charcoal-derived fire frequency (Fig. 11.2) likely 
estimates fire rotation, but the needed correction 
is unknown. Intervals between peaks varied from 
about 200–500 years over the last 1,000 years, cor-
responding to five to two peaks per 1,000 years 
(Fig. 11.2). Jacobs and Whitlock (2008) and
Nelson and Pierce (2010) provide similar charcoal-
based evidence of fire at 150-200 year intervals in 
mountain big sagebrush (Table 11.1).

Estimating Sagebrush Fire Rotation Using 
Sagebrush Recovery Time

Another method to estimate fire rotation in sage-
brush is from the time required for sagebrush to 
regain full coverage and maturity after fire. The 
premise is that fires likely did not burn, on aver-
age, more often than the time required for sage-
brush to recover (Wright and Bailey 1982). Data 
on sagebrush cover and frequency, from chron-
osequences of sites varying in time since fire, are 
compared to similar data in an unburned control 
site (Fig. 11.3). Cover is the essential measure, as 
frequency indicates only plant presence, not 
recovery to mature size and cover. This definition 
of recovery is a simplification, as recovery of sage-

brush plants to a mature state could occur before 
pre-burn cover is reached, and pre-burn cover 
could have been outside the HRV because of past 
domestic livestock grazing or other land-use 
effects. Individual sagebrush plants are able to 
grow from seed to full maturity in a shorter 
period, but full coverage of mature plants across a 
burn best measures recovery. Recovery across a 
burn is hampered by slow sagebrush seed 
 dispersal (Young and Evans 1989) and infrequent 
years favoring germination (Maier et al. 2001).
 The available data suggest mountain big sage-
brush recovers faster than does Wyoming big sage-
brush (Fig. 11.3). New data since Baker (2006a) 
suggest two possible recovery tracks for mountain 
big sagebrush: a fast track represented by the 16 
upper points, with nearly full recovery by about 
25–35 years after fire (Fig. 11.3a), and a slower 
track represented by �40 points with 75 or more 
years for full recovery (Fig. 11.3a). The slow track 
could occur in larger fires, particularly if seed sur-
vival is low and seed must disperse into the fire 
from distant unburned areas. Welch and Criddle 
(2003) estimated 70 years for mountain big sage-
brush to reach the middle of a large burned area 
and a few decades more for plants to mature. Thus, 
full recovery on the slow track may require up to 
100 years (range � �75–100 years). The fast track 
may be favored by more precipitation or otherwise 
favorable environment for sagebrush regeneration, 
smaller fires, or more survival of seed on the sur-
face or in the seed bank. However, there may be a 

Figure 11.2. A paleo-indicator of climate, 
the A/C ratio, versus inferred fire frequency 
for Wyoming big sagebrush in central 
Nevada. Pluses represent charcoal peaks 
(fires) at varying threshold levels, and 
inferred fire frequency is a running count of 
number of peaks per 1,000 years. The A/C 
ratio is the ratio of pollen of Artemisia to 
Chenopodiaceae � Sarcobataceae, with low 
values representing drier climate and high 
values representing wetter climate. Repro-
duced from Fig. 6 of Mensing et al. (2006:74) 
with permission of Western North American 
Naturalist. 
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continuum of rates of recovery rather than just two 
tracks. More research is needed on recovery rates, 
as neither fire severity nor differences in mean 
annual precipitation, heat load, or soil texture 
explained rate of recovery after fire in mountain 
big sagebrush in Montana (Lesica et al. 2007).
 Wyoming big sagebrush recovery after fire is 
highly variable and often slow (Fig. 11.3b). Baker 
(2006a) estimated 50–120 years for full recovery, 
but recovery can occur more quickly (Fig. 11.3b), 
suggesting the possibility of a slow and fast track as 

well. My estimate was based on only two points 
that were close to full recovery, and only one was 
for cover (Fig. 11.3b). This evidence is too limited 
to accurately estimate the time for full recovery of 
Wyoming big sagebrush after fire. What is known 
is that by 25 years after fire, Wyoming big sage-
brush typically has �5% of pre-fire cover 
(Fig. 11.3b). Further research is needed on effects 
of fire size and environmental setting on rate of 
recovery, and more data are needed from fires
�50 years old. 

Figure 11.3. Sagebrush cover (closed symbols) and density (open symbols) versus time since fire as a percentage of these 
values in unburned control areas, for (a) mountain big sagebrush and (b) Wyoming big sagebrush. Each point represents a 
single sample plot, and similar symbols indicate a single study. In (a), apparent fast-track and slow-track recovery trajectories 
are separated by a dashed line. Only data for �20 years since fire, except one point, are presented from Cooper et al. (2007). 
I could not estimate the years for points �20 years since fire from their graph, but all missing points �20 years since fire 
have 0% recovery. From Fire Ecology in Rocky Mountain Landscapes by William L. Baker. Copyright © 2009 Island Press. 
Reproduced by permission of Island Press, Washington, DC.
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 Fire rotation in most ecosystems appears to be 
commonly much longer than the period to regain 
pre-fire cover of mature dominant plants. Perhaps 
this occurs because communities tend to become 
dominated by plants that, among other attributes, 
also can regrow sufficiently fast to have a  reasonable 
period of maturity and seed production before suf-
fering widespread mortality. Fire rotation appears 
to be commonly at least two to three times the 
period to regain pre-fire cover of mature plants. For 
example, mature pinyon-juniper woodlands 
recover within �200 years where fire rotation is 
400–600 years (Baker and Shinneman 2004, Floyd 
et al. 2004). In lodgepole pine forests, mature trees 
dominate after �150 years where fire rotation is 
�300 years (Buechling and Baker 2004). Similarly, 
it requires 20–30 years after fire in chaparral in 
California for shrubs to fully recover where fire 
rotation was �80 years (Keeley et al. 1999). Thus, I 
conservatively estimate fire rotation and mean fire 
interval for sagebrush are at least twice the recov-
ery period: �50–70 years for fast-track and �150–
200 years for slow-track mountain big sagebrush. 

Summary Estimates of Historical Fire Rotation in 
Sagebrush Under the HRV

Combining fire-scar, fire-rotation, charcoal, and 
recovery data leads to summary estimates of fire 
rotation and mean fire interval in sagebrush under 
the HRV (Table 11.1). More extreme values and 
imprecise estimates are passed over in the pooled 
estimates (e.g., fast-track recovery of mountain big 
sagebrush is uncommon; Burkhardt and Tisdale’s 
CFI estimates have a large range). Fire rotation in 
little sagebrush is estimated to be �425 years in 
intermix with pinyon-juniper and �200 years in 
larger areas; in Wyoming big sagebrush it is 400–
600 years in intermix with pinyon-juniper and 
200–350 years in larger expanses; in mountain big 
sagebrush it is 160 years in intermix with Douglas-
fir, 400–600 years in intermix with pinyon-juniper, 
and 150–300 years in larger expanses; finally, in 
mountain grasslands with patchy mountain big 
sagebrush, rotation is uncertain in intermix and 
40–230 years in larger areas (Table 11.1). 
 Estimates of fire rotation and mean fire interval 
are likely to be refined further as new data are col-
lected. Most estimates have a large range. None-
theless, these estimates improve upon Baker 
(2006a) and are the best available, as they provide 
a full range of estimates using new data, improved 

corrections, and multiple lines of evidence 
(Table 11.1). These estimates suggest sagebrush 
did not burn frequently under the HRV, but 
instead at multi-century intervals. 
 In chaparral, another shrub-dominated ecosys-
tem that had a much shorter fire rotation of about 
80 years under the HRV (Keeley et al. 1999), dom-
inant shrubs have prominent fire adaptations, 
such as resprouting and heat-stimulated seed ger-
mination (Keeley et al. 1999). In contrast, most 
sagebrush taxa do not survive fire and do not res-
prout, appear to lack heat-stimulated seed, are 
slow dispersers, and are slow to recover in burned 
areas (Young and Evans 1989, Baker 2006a). Little 
adaptation to fire in sagebrush taxa is consistent 
with evidence of long fire rotations and mean fire 
intervals under the HRV (Table 11.1). Fire changed 
the distribution of resources in sagebrush ecosys-
tems so rarely under the HRV that sagebrush eco-
systems likely have little or no fire-dependence, 
although they can recover after fire.

LARGE FIRES LEAD TO MATURE BUT 
FLUCTUATING SAGEBRUSH LANDSCAPES

Little is known about the properties of individual 
fires in sagebrush under the HRV, because it is 
difficult to reconstruct the shapes, sizes, amount 
of unburned area, and other attributes of individ-
ual fires that occurred in past centuries in sage-
brush. However, nearly every fire regime studied 
throughout the world shares some properties, 
and these basic theoretical relationships likely 
also apply to sagebrush landscapes. 
 Consistent properties of the distribution of fire 
sizes mean that large fires are the key fires that 
likely shaped sagebrush landscapes under the 
HRV. A nearly linear negative trend is common 
between number of fires and fire size on a log-log 
plot, thus there are exponentially more small than 
large fires (Cumming 2001, Weiguo et al. 2006). 
Yet a large fraction (usually �90%) of total burned 
area in fire regimes comes from the largest few 
percent of total fires, and small fires do not total to 
much burned area (Strauss et al. 1989). In the 
Rocky Mountains, for example, �96% of total 
burned area between 1980 and 2003 was from the 
2% of total fires that were �200 ha, whereas only 
0.1% of the total fires (those �15,000 ha) accounted 
for about half the total burned area (Baker 2009, 
an analysis of United States Bureau of Land Man-
agement 2004). These fire-size relationships mean 
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that the few largest fires that occur in particular 
places, which occur at intervals approaching the 
fire rotation (Table 11.1), are the fires that control 
nearly all of the reshaping of landscape mosaics 
that is done by fire. 
 The large fires that most shape sagebrush land-
scapes become large in part because they are rela-
tively high intensity from consuming most of the 
sagebrush and other fuels, which increases their 
spread rate. Large fires are also promoted where 
fuels are continuous, winds are strong, topography 
is level, and natural firebreaks are rare or lacking. 
Natural firebreaks potentially include rivers and 
smaller streams, canyons, rock outcrops and talus, 
sand dunes, wetlands, or other areas with limited or 
moist fuels. Recent sagebrush fires have become 
largest under these conditions (Knapp 1998), as on 
the Snake River Birds of Prey National Conserva-
tion Area in Idaho (Fig. 11.1c). These large fires, 
both today and under the HRV, were promoted the 
year after cool, wet years, likely because cool, wet 
years increase fine-fuel production; weather condi-
tions in the fire year itself are less important (Knapp 
1998, Miller and Rose 1999, Westerling et al. 2003).
 Large fires can burn much of the total sagebrush 
cover, leaving few unburned islands of surviving 
shrubs. Unburned area within a fire perimeter is 
likely higher when sagebrush cover or fine fuels are 
lower or fuel moisture is higher, or because shifting 
winds and variable topography and fuels (Baker 
2006a, Wright and Prichard 2006) may leave a com-
plex mosaic of burned and unburned area (Fig. 
11.1a). However, large areas of sagebrush can and 
do burn, leaving little or no unburned area within a 
fire perimeter (Fig. 11.1b). For example, 8,300 ha of 
Wyoming big sagebrush in Idaho burned in 6.5 hr 
in 1994, leaving little unburned area within the fire 
perimeter (Butler and Reynolds 1997). Pre–Euro-
American sagebrush fires may have had less 
unburned area than is typical in modern prescribed 
fires (Wrobleski and Kauffman 2003).
 The interludes between large fires are nearly as 
long, on average, as the fire rotation (Table 11.1). 
During these long interludes, sagebrush could fully 
recover and dominate in spite of poor dispersal 
capability (Young and Evans 1989) and slow recov-
ery (Fig. 11.3). Thus, sagebrush landscapes would 
have been dominated most of the time by large 
areas of mature sagebrush, as documented by early 
historical accounts of explorers (Vale 1975). 
 However, during these long interludes, the den-
sity, cover, and condition of sagebrush likely 

fluctuated naturally under the influence of a vari-
ety of other mortality and defoliation agents, 
including insects, disease, and drought (Ander-
son and Inouye 2001, Beck et al. 2009). Sagebrush 
cover may also decline if there is adequate cover 
of understory native plants to provide competition 
for regenerating sagebrush (Lommasson 1948, 
Anderson and Inouye 2001) and increase again 
during favorable climatic episodes (Maier et al. 
2001). Mature sagebrush may at times have dead 
branches and relatively slow growth, but decadent 
is an inappropriate term for the mature but fluc-
tuating condition of sagebrush plants during the 
long interludes between large fires. 
 The long-interlude mature landscape would 
have been sparsely peppered over time by small 
fires, each small fire probably leaving more 
unburned islands. Long interludes likely had 
higher landscape diversity, because of small burns 
and mosaics of burned/unburned area within 
large expanses of mature sagebrush. Fire did not 
maintain vegetation in an early- or mid-seral con-
dition as suggested based on comparison with 
uncorrected CFI estimates of fire (Lesica et al. 
2007). Fire rotations were instead long, and the 
amount of early-successional post-fire vegetation 
was likely low much of the time, because small 
interlude fires account for little total burned area. 
Early accounts of explorers document little area of 
grassland within large expanses of sagebrush (Vale 
1975). Infrequent large fires ending the interludes 
could initiate multi-decadal periods of reduced 
landscape diversity and more prominent early-
successional vegetation while sagebrush recovers.
 Sagebrush landscapes likely fluctuated, as do 
all landscapes subject to fire, because all known 
fire regimes have episodes of extensive fire, 
accounting for most of the total burned area, fol-
lowed by long interludes of small fires, account-
ing for little burned area (Baker 2009).

RECENT FIRE ROTATION AND LAND-USE 
EFFECTS IN SAGEBRUSH

Recent Fire Rotations Relative to Fire Rotations 
Under the HRV

To analyze whether decreased or increased fire 
might be evident recently, I used data on total 
area burned by year from 1980 to 2007 from poly-
gon fire maps by Miller et al. (this volume, chap-
ter 10: Figs. 10.11–10.15) to estimate recent fire 
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rotation for each of seven floristic provinces 
(Fig. 11.4). The estimates are fire rotations that 
would ensue if recent rates of burning continued. 
However, 26-year or shorter periods (Table 11.2) 
are too short to accurately estimate fire rotations 
or mean fire intervals in the hundreds of years; 
thus the estimates are imprecise. Rotations esti-
mated from short periods of data are good indica-
tors of present rates of burning, but may fluctu-
ate or change in the future. Past suggestions that 
fire exclusion was having an effect in sagebrush 
were based on data from only a few small tree-
ring sites (Miller and Rose 1999), but we now 
have area estimates of fire across the geographi-
cal range of sagebrush ecosystems in the western 
United States.
 Recent fire rotations (Table 11.2) can be com-
pared to estimates for the HRV (Table 11.1). 

Recent estimates are not available by sagebrush 
taxon, which is how estimates are available for the 
HRV (Table 11.1), and the tables are not directly 
comparable. Nonetheless, fire rotation since 
�1980 (Table 11.2) is almost certainly outside the 
HRV and far too short in floristic provinces where 
Wyoming big sagebrush is common and for 
which fire rotation was likely in the 200–350 years 
range under the HRV (Table 11.1). These include 
the Snake River Plain and Columbia Plateau flo-
ristic provinces, as well as both the Southern and 
Northern Great Basin (Table 11.2), all of which 
have extensive cheatgrass invasions. Similarly, in 
central Nevada (Southern Great Basin floristic 
province), charcoal from fire in Wyoming big 
sagebrush was an order of magnitude higher after 
Euro-American settlement than any time in the 
previous 5,500 years (Mensing et al. 2006).

Figure 11.4. Sagebrush in the 
western United States (gray 
shading) and seven floristic 
provinces (Table 11.2) used 
in the analysis of recent fire 
rotations. Sage-Grouse Man-
agement Zones initially were 
derived from boundaries of 
floristic provinces (Stiver 
et al. 2006).
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 Longer recent fire rotations (200–350 years) in 
the Silver Sagebrush, Colorado Plateau, and 
Wyoming Basin floristic provinces (Table 11.2) are 
not likely outside the HRV, given the 200–350 years 
estimate for Wyoming big sagebrush and 
150–300 years estimate for mountain big sagebrush 
in large sagebrush areas, and even longer rotations 
in intermix under the HRV (Table 11.1). However, 
Wyoming Basin and Colorado Plateau estimates 
are based on only 10–11 years of data (Table 11.2). 
 These estimates, although based on limited 
data, suggest there is now likely similar fire rela-
tive to the HRV in three floristic provinces and 
too much fire relative to the HRV in four floristic 
provinces. Estimates of fire rotation for individual 
sagebrush taxa, not presently feasible, might be 
different.

Reduced Fire: Fire Exclusion and Potential 
Fraction of Affected Land

Fire exclusion clearly had little overall effect, since 
fire rotations are likely either similar or shorter 
today than under the HRV, but it is worth consid-
ering whether fire exclusion might still have 
reduced fire in some communities. Fire exclusion 
can arise for several reasons, including reductions 
in fine fuels that enhance fire spread, intentional 
suppression, and landscape fragmentation by 
anthropogenic firebreaks such as roads. Land-
scapes were fragmented by roads, agricultural 
developments, and other human infrastructure 
early in Euro-American settlement, but fragmen-
tation expanded over the 20th century (Knick et al., 
this volume, chapter 12). Intentional fire control 
began with Euro-American settlers (Baker 2009), 
but was relatively ineffective until the late 1950s, 
when aerial fire suppression expanded (Ely et al. 
1957). Anthropogenic firebreaks expanded spa-
tially and temporally in heterogeneous patterns. 
Maps of some of the potential agents (Leu et al. 
2008) provide important clues, but local analysis 
of pattern, timing, and magnitude is needed. 
 The fire rotation under the HRV (Table 11.1) 
limits how fast a fire-exclusion effect is realized 
and how much of a landscape is affected. For 
example, if fire rotation under the HRV was 200 
years, then 50 years of effective fire exclusion may 
have affected, on average, only about one-fourth 
(50/200) of the land area. Based on this approximation 
and estimated fire rotations (Table 11.1), fire 
exclusion had little expected effect in  Wyoming 

big sagebrush or little sagebrush. In large areas of 
mountain big sagebrush intermixed with Douglas-
fir, the expected affected area is only one-sixth to 
one-third of the land area (50/300 to 50/150), 
while an effect in intermixture with pinyon-
juniper is likely minor (Table 11.1). In contrast, 
mountain grasslands with patchy mountain big 
sagebrush could have been largely affected if all 
fires had been excluded. Similarly, expectations 
are that tree invasions are likely not primarily due 
to fire exclusion in most sagebrush, except a part 
of the mountain big sagebrush ecosystem and in 
grasslands with patchy mountain big sagebrush. 
These are just theoretical expectations, not based 
on data showing that fire exclusion actually did 
occur. 
 However, spatial lags suggest fire exclusion 
cannot explain early, rapid tree invasions in any 
sagebrush ecosystems. Early reduction in fine 
fuels by livestock that likely occurred relatively 
simultaneously across landscapes is documented 
(Baker 2009), but a particular area of a landscape 
cannot be affected by fire exclusion until a fire 
ignites and its spread is restricted (Baker 1993). It 
requires half a fire rotation on average, for exam-
ple, for a fire-exclusion effect to spread halfway 
across a landscape. Tree invasions that began 
immediately after Euro-American settlement 
(Miller and Rose 1999) must be primarily linked 
to causes that lack spatial lags. Tree invasions that 
accelerated after �1960 (Soulé et al. 2003, Weis-
berg et al. 2007) match expanded aerial attack, but 
a multi-decadal lagged effect is still likely. 
 The net effect of land uses on sagebrush fire 
was similar or increased fire today relative to the 
HRV, not a decline in fire; thus, fire exclusion 
likely had little overall effect. Fire exclusion likely 
affected limited locations in parts of the mountain 
big sagebrush ecosystem and in grasslands with 
patchy sagebrush, but even in these locations 
effects are lagged and cannot explain invasions 
that began shortly after Euro-American settlement. 
More important, fire rotations and mean fire inter-
vals were long in sagebrush under the HRV (Table 
11.1)—certainly sufficiently long to allow trees to 
widely invade—yet millions of  hectares of mature 
sagebrush without trees greeted early explorers 
(Vale 1975). This suggests that fire was not the pri-
mary factor preventing tree invasion into sage-
brush under the HRV, and factors other than fire 
exclusion must be primary causes of tree invasions 
after Euro-American settlement.
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Increased Fire—Cheatgrass, Human-Set Fires, 
and Global Warming

Where fires have increased in sagebrush ecosys-
tems relative to the HRV, as in the four floristic 
provinces, this increase is significantly related to 
cheatgrass invasion, particularly in low elevation 
areas (Miller et al., this volume, chapter 10). Mech-
anisms causing increased fire in cheatgrass areas 
are explained in Miller et al. (this volume, chapter 
10). Cheatgrass expansion after fire is particularly 
increased in vulnerable landscapes. In western 
Colorado, vulnerability to post-fire cheatgrass 
expansion was correlated with high pre-fire cheat-
grass, low cover of biological soil crust, and low 
native forb and grass cover, all associated with deg-
radation by domestic livestock grazing and with 
roads or other dispersal corridors into the fire area 
(Shinneman and Baker 2009). Cheatgrass expan-
sion after fire is likely also increased by some fire-
control practices, including bulldozer fire lines 
(Fig. 11.1d) and back burns set from roads, as 
these are areas that can have high cheatgrass pop-
ulations (Gelbard and Belnap 2003).
 Cheatgrass fires were evident by the 1920s or 
earlier (Pickford 1932). More than 50% of the 
Snake River Plain, Idaho, was dominated by 
cheatgrass by the 1990s, and fires burned �36% 
of 290,000 ha in 18 years (Knick and Rotenberry 
1997), a fire rotation of �50 years. This is inter-
mediate between the estimate of 27.5 years for 
1979–1995 and 80.5 years for 1950–1979 in this 
area (Knick and Rotenberry 2000). This rotation is 
much shorter than in Wyoming big sagebrush 
under the HRV (Table 11.1) and is likely to pre-
vent full sagebrush recovery (Fig. 11.3b). 
 Fires have also increased because of the expan-
sion of the road network and increased ignitions 
by people (Baker 2009; Miller et al., this volume, 
chapter 10). Annual burned area has increased in 
general in the last few decades, relative to previ-
ous decades, because of global warming, identi-
fied for fires in forests near sagebrush (Westerling 
et al. 2006), but not specifically in sagebrush. 
However, climate projections are for more fire in 
sagebrush (Neilson et al. 2005). 

Beyond Fire Exclusion as an Explanation of Recent 
Changes in Sagebrush Landscapes

Since fire is generally similar or has increased 
in sagebrush ecosystems since Euro-American 

 settlement, a general fire-exclusion effect is lack-
ing. Increased sagebrush density within sage-
brush stands, where it has occurred, is likely 
caused by other land uses, such as domestic live-
stock grazing, or represents natural fluctuation 
(Anderson and Inouye 2001). 
 A complex of causes other than fire exclusion 
must largely explain tree invasions into Wyoming 
big sagebrush, little sagebrush, and even moun-
tain big sagebrush, particularly invasions that 
began early. This complex includes (1) loss of 
competition from native grasses and forbs 
(Johnsen 1962), facilitation of tree regeneration 
by increased shrub cover, and enhanced seed dis-
persal, all related to domestic livestock grazing 
(Soulé et al. 2003); (2) climatic fluctuations favora-
ble to tree regeneration (Soulé et al. 2003, 2004; 
Shinneman 2006); (3) enhanced tree growth 
because of increased water-use efficiency associ-
ated with a carbon dioxide fertilization effect 
(Soulé et al. 2004); and (4) natural recovery from 
past disturbance. Commonly overlooked is recov-
ery from past human disturbances (e.g., deforest-
ation from mining) and fires, droughts, and other 
natural disturbances (Romme et al. 2008). In New 
Mexico, for example, a rephotographic study 
found many cases in which tree-density increase 
and apparent invasion were recovery from earlier 
disturbances that had removed trees (Sallach 
1986). Past focus on fire exclusion has left us with 
insufficient analysis of the relative importance of 
these more likely explanations of tree invasion 
into sagebrush. 

CONSERVATION IMPLICATIONS

Sagebrush ecosystems, including all taxa reviewed 
here, do not require added disturbance today if 
the goal is restoring or maintaining sagebrush. 
Current fire rotations are likely short in Wyoming 
big sagebrush and short throughout four floristic 
provinces relative to the HRV, resulting in a sur-
plus of fire. Moreover, large areas of sagebrush 
have been fragmented or converted to nonnative 
plants or agriculture (Knick et al., this volume, 
chapter 12); most natural disturbance agents—
insects, drought, and fire—have not been reduced; 
and some, such as drought and fire, have increased 
in some areas and may increase further in the 
future under climate-change predictions. Most 
sagebrush landscapes are highly heterogeneous 
today because of land uses (Knick et al., this 
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 volume, chapter 12) and natural disturbances, 
and further increased heterogeneity is likely not 
needed. 
 If the goal is to mimic the disturbance regime 
in sagebrush under the HRV, these ecosystems 
need rest and recovery from past disturbances, 
particularly disturbances by land uses (Knick 
et al., this volume, chapter 12) and fire, not addi-
tional disturbance. Burning at rotations some-
what less than the fire rotation under the HRV 
(Table 11.1) might allow a mixture of plants, if the 
rotation were at least as long as the recovery 
period for sagebrush (Fig. 11.3). However, this 
would be atypical of sagebrush ecosystems under 
the HRV and could have deleterious effects on 
some plants and animals. Moreover, wildfire is 
expected to increase substantially in sagebrush 
because of global warming (Neilson et al. 2005), 
likely leading to fire rotations shorter than under 
the HRV, which is already evident in four floristic 
provinces. Prescribed burning is generally unnec-
essary and would not be restorative, given the 
present fire regimes in the floristic provinces and 
increased fire expected from global warming. 
 Where reversal of tree invasions or restoration 
of degraded sagebrush communities is the man-
agement goal, burning is also not essential or 
advisable, particularly if maintenance of the sage-
brush canopy is needed. Degraded sagebrush 
communities deficient in native plants are 
unlikely to be restored by fire alone. Burning does 
not lower sagebrush density within a patch, since 
thinning fires are unknown, but instead reduces 
sagebrush cover across landscapes (Fig. 11.1a), 
and decades to centuries are required for sage-
brush cover and density to fully recover (Fig. 11.3). 
Other means, including removal of livestock graz-
ing (Anderson and Inouye 2001), allow native 
grasses and forbs to increase while also maintain-
ing the sagebrush canopy. Similarly, where tree 
invasions were caused by livestock grazing or 
other land uses, invading trees are best controlled 
not using fire that would also kill sagebrush but 
by using the lowest-impact mechanical means 
that allows retention and survival of sagebrush, 
such as individual tree removal. 
 Restoration is likely to be ineffective if the spe-
cific causes of degradation or invasion are not iden-
tified and remedied. For example, if reduction in 
plant competition from livestock grazing is a pri-
mary cause of tree invasion, then burning or 
mechanically removing trees without restoring 

native plants and reforming management of live-
stock grazing is likely to lead to renewed tree inva-
sion in a potentially endless cycle. Treatment of 
causes, not just symptoms, is essential for effective 
ecological restoration (Noss et al. 2006). 
 The most important ecological restoration 
needs in sagebrush are to control invasive species 
and restore the diversity and cover of native plants 
while retaining sagebrush cover, so the ecosystem 
has renewed capacity to resist fire and to recover 
effectively after fire and other disturbances (Baker 
2006a, Link et al. 2006). This is an achievable goal 
(Link et al. 2006) that is especially important 
because of increased wildfire expected from glo-
bal warming. 
 Protection of extant sagebrush ecosystems is 
increasingly a management goal, because of the 
decline of sage-grouse (Connelly and Braun 1997, 
Connelly et al. 2004) and other sagebrush obli-
gates (Knick and Rotenberry 2002). Where the 
management goal is protection, active fire control 
is sensible wherever cheatgrass occurs. This 
includes much of the range of Wyoming big sage-
brush and at least the lower elevations of the 
mountain big sagebrush zone. These sagebrush 
areas are vulnerable to potentially irreversible 
replacement by cheatgrass following fire, leading 
to sagebrush regeneration failure (Fig. 1c; Pellant 
1990). Current fire rotations are likely too short in 
these areas to allow full recovery of Wyoming big 
sagebrush after fire. These areas warrant com-
plete protection from fire until a solution is found 
to effectively control cheatgrass and until plant 
diversity can be sufficiently restored to allow nat-
ural recovery after fire. 
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