
Chapter 10 
Sage-Grouse 
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and Michael A. Schroeder 

Abstract In this chapter, we summarize the ecology and conservation issues 
affecting greater (Centrocercus urophasianus) and Gunnison (C. minimus) sage-
grouse, iconic and obligate species of rangelands in the sagebrush (Artemisia spp.) 
biome in western North America. Greater sage-grouse are noted for their ability 
to migrate, whereas Gunnison sage-grouse localize near leks year-round. Seasonal 
habitats include breeding habitat where males display at communal leks, nesting 
habitat composed of dense sagebrush and herbaceous plants to conceal nests, mesic 
summer habitats where broods are reared, and winter habitat, characterized by access 
to sagebrush for cover and forage. While two-thirds of sage-grouse habitat occurs 
on public lands, private land conservation is the focus of national groups including 
the USDA-NRCS Sage-Grouse Initiative. Sage-grouse are a species of great conser-
vation concern due to population declines associated with loss and fragmentation 
of more than half of the sagebrush biome. Wildlife and land management agencies 
have been increasingly proactive in monitoring trends in sage-grouse populations
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(e.g., lek count index), adapting regulations to reduce harvest on declining popula-
tions, and in designing and implementing conservation policies such as core areas 
to conserve sage-grouse habitats and populations. Much of the remaining sagebrush 
habitat is threatened by altered fire regimes, invasive annual grasses and noxious 
weeds, encroaching piñon (Pinus edulis and monophylla)-juniper (Juniperus spp.) 
woodlands, sagebrush conversion, anthropogenic development, and climate change. 
Several diseases affect sage-grouse, but to date, disease has not been a widespread 
cause of declines. Proper livestock grazing and limited hunting appear to be sustain-
able with sage-grouse, whereas improper grazing, increasing free-roaming equid 
populations, and sagebrush conversion are primary concerns for future conserva-
tion. Research has identified additional concerns for sage-grouse including effects 
from fence collisions, predation from common ravens (Corvus corax), and reduced 
habitat effectiveness resulting from grouse avoidance of anthropogenic infrastruc-
ture. There is a need for future research evaluating sage-grouse habitat restoration 
practices following improper rangeland management, habitat alteration from invasive 
species and fire, effects on small and isolated populations, and effects from diseases. 

Keywords Centrocercus urophasianus · Centrocercus minimus · Ecosystem 
threats · Greater sage-grouse · Gunnison sage-grouse · Private and public land 
conservation · Rangeland management · Sagebrush 

10.1 General Life History and Population Dynamics 

Greater (Centrocercus urophasianus) and Gunnison (C. minimus) sage-grouse are 
icons of the sagebrush (Artemisia spp.) biome in western North America. Sage-
grouse are world renowned for their spectacular lek breeding system where males 
congregate at traditional locations to display for and breed with females (Fig. 10.1). 
Competition among males at leks is intense and relatively few males breed with most 
of the females. Females are ground-nesting Galliformes that produce a maximum of 
1 successful clutch with 7–9 chicks per year after a 4-week incubation period, with no 
help from the males (Schroeder et al. 2020; Young et al. 2020). Because nest success, 
chick survival, and rates of renesting are generally low, the relatively high survival 
of breeding-aged birds helps to maintain their populations (Crawford et al. 2004; 
Connelly et al. 2011a; Taylor et al. 2012; Blomberg et al. 2013c; Davis et al. 2014b; 
Dahlgren et al. 2016). Sage-grouse are long-lived relative to other game birds, with 
an observed maximum survival for greater sage-grouse of 9 years in females and 
7 years in males (Zablan et al. 2003), though maximum longevity is likely higher.

Although greater sage-grouse often migrate seasonally, migrations are typically 
within the same general regions and ecosystems (Connelly et al. 1988; Fischer et al. 
1996; Fedy et al. 2012). However, they stand out among upland gamebirds in their 
capability for long-distance migrations—the longest migration by a greater sage-
grouse was documented at 240 km for a female between southern Saskatchewan 
and north-central Montana (Newton et al. 2017). Telemetry studies indicate most
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Fig. 10.1 Greater (Photo a) and Gunnison (Photo b) sage-grouse distributions in the western United 
States and Canada based on Schroeder et al. (2004), Environment Canada (2014), and USFWS 
(2015). Ecoregions represent EPA Level III ecoregions across North America (Wilken et al. 2011). 
Single hatched area represents current distribution of greater (black) and Gunnison (dark orange) 
sage-grouse, and cross-hatched area represents additional historical distribution of greater (grey) 
and Gunnison (light orange) sage-grouse

Gunnison sage-grouse spend their annual life cycles within 5 km of their lek of 
capture (Aldridge et al. 2012; Young et al. 2020). Greater sage-grouse populations 
are often partially migratory, with some individuals migrating and others remaining 
within the same areas year-round (Fedy et al. 2012; Pratt et al. 2017, 2019), which 
can complicate conservation efforts (Dinkins et al. 2017; Pratt et al. 2019). Greater 
sage-grouse in many populations migrate altitudinally from xeric lower elevation 
Wyoming big sagebrush (A. tridentata wyomingensis) in spring to more mesic higher 
elevation mountain big sagebrush (A. t. vaseyana) during summer, and then to lower 
elevations for winter and the following spring (Beck et al. 2006; Pratt et al. 2017,



298 J. L. Beck et al.

2019). In some areas, greater sage-grouse may move to irrigated agricultural fields, 
in many cases alfalfa (Medicago sativa), in response to summer desiccation of native 
forbs (Fischer et al. 1996). 

Sage-grouse select specific structural aspects of sagebrush as well as herba-
ceous understory components throughout life stages including dense sagebrush and 
grass cover for successful nesting, increased forb cover at early (through 2 weeks; 
Thompson et al. 2006), and late brood-rearing/summer (> 2 weeks; Smith et al. 
2018c), and dense sagebrush for winter habitat (Fig. 10.2). Sage-grouse depend on 
sagebrush as a primary food source, particularly during the late autumn, winter, 
and early spring (Schroeder et al. 2020). They digest the leaves of sagebrush, while 
also tolerating high levels of monoterpenoids and other plant secondary metabolites, 
toxins most species cannot consume (Sauls 2006; Kohl et al. 2016; Oh et al.  2019). 
Sage-grouse also depend on the cover provided by sagebrush during nesting and 
brood-rearing and during all times of year for protection from potential predators 
(Schroeder et al. 2020; Young et al. 2020). Although sage-grouse are adept at snow 
burrowing to escape severe winter conditions (Back et al. 1987), winter landscapes 
that support sage-grouse are characterized by south and west aspects and patches 
of taller sagebrush that sage-grouse can access following deep snow accumulations 
(Hupp and Braun 1989). 

The importance of sagebrush within sage-grouse habitat is clear, but additional 
vegetation components of these habitats provide necessary function as well (Connelly

Fig. 10.2 Life stages of sage-grouse within seasonal habitats. Successful nest and early brood 
photographs from N. Paothang. Nesting, early brood-rearing, and late brood-rearing/summer photos 
from T. Christiansen. Winter photograph from J. Lautenbach 
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et al. 2011b; Dumroese et al. 2015; Pennington et al. 2016). Herbaceous cover 
(grasses and forbs) provides essential concealment of nests, often explaining differ-
ences in nest site selection (Hagen et al. 2007). However, only one study has reported 
a weak effect of grass cover and height positively influencing nest success in greater 
sage-grouse (Holloran et al. 2005). A rangewide meta-analysis indicated common 
fine-scale herbaceous and shrub structural characteristics do not consistently influ-
ence nest success in greater sage-grouse (Smith et al. 2020). This study also found 
shrub characteristics such as sagebrush cover had moderate, yet context-dependent, 
effects, and herbaceous vegetation characteristics had weak effects, on sage-grouse 
nest site selection (Smith et al. 2020). Herbaceous cover, especially forbs, provides 
critical food during the late spring to early autumn period (Drut et al. 1994; Huwer 
et al. 2008), and provides habitat for a variety of invertebrates. Invertebrates such 
as ants, beetles, and grasshoppers are consumed by all sage-grouse (Klebenow and 
Gray 1968; Peterson 1970) and are essential for survival of young chicks (Johnson 
and Boyce 1990). 

10.2 Species and Population Status 

10.2.1 Historical Versus Current Distributions, Conservation 
Status 

Sage-grouse were historically found throughout most of the vast sagebrush-
dominated landscape in western North America (Bendire 1892; McClanahan 1940; 
Aldrich and Duvall 1955; Aldrich  1963; Zwickel and Schroeder 2003; Schroeder 
et al. 2004). Although the original distribution of both species (Fig. 10.1) was estab-
lished by comparing historical observations (Aldrich and Duvall 1955) with the 
distribution of potentially suitable habitat (Küchler 1985), precise observations of 
distribution and abundance during the period prior to settlement by people of Euro-
pean descent were not possible (Schroeder et al. 2004). Examination of bones from 
the late Pleistocene and early Holocene shows that sage-grouse were present in 
western North America (Braun and Williams 2015; Wolfe and Broughton 2016), 
but delineation of a distribution from those data is not possible, especially because 
many of the bones were found outside the documented historical distribution (Braun 
and Williams 2015). Even with inevitable uncertainty, the association between sage-
grouse and sagebrush-dominated habitat is undeniable (Schroeder et al. 2020; Young 
et al. 2020). 

Gunnison sage-grouse were historically found in a relatively small area, including 
southern Colorado, northern New Mexico, northeastern Arizona, and southeastern 
Utah (Beck et al. 2003; Schroeder et al. 2004; Braun et al. 2014; Braun and Williams 
2015). Greater sage-grouse were distributed more widely and historically found 
in portions of Arizona, Alberta, British Columbia, California, Colorado, Idaho, 
Montana, Nebraska, Nevada, North Dakota, Oregon, Saskatchewan, South Dakota,
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Utah, Washington, and Wyoming (Schroeder et al. 2004; Fig.  10.1). Delineations of 
historical and current distributions of both species is complicated by the transloca-
tions of grouse throughout the range, sometimes even including the translocation of 
greater sage-grouse into the historical range of Gunnison sage-grouse (Reese and 
Connelly 1997). 

Long-term changes in the distribution of sage-grouse have followed trends in the 
distribution and quality of sagebrush habitat, typically dominated by big sagebrush 
(A. tridentata). However, in northeastern portions of the range including Alberta, 
eastern Montana, Saskatchewan, and North and South Dakota, silver sagebrush 
(A. cana) is extremely important or the sole source of sagebrush (Aldridge and 
Brigham 2002; Connelly et al. 2004; Carpenter et al. 2010). Because of declines in 
habitat quantity and quality, greater sage-grouse no longer occur in British Columbia, 
Arizona, and Nebraska and Gunnison sage-grouse no longer occur in Arizona and 
New Mexico (Schroeder et al. 2004; Fig.  10.1). Populations of greater sage-grouse 
are also dramatically reduced in most states and provinces, but especially Alberta, 
California, North and South Dakota, Saskatchewan, and Washington (Garton et al. 
2011, 2015) where hunting is no longer permitted (Dinkins et al. 2021a). Research 
using rangewide greater sage-grouse data estimated > 50% extirpation probability 
for 45.7, 60.1, and 78.0% of leks based on 19, 38, and 56-year projections of popu-
lation growth from 2019, respectively (Coates et al. 2021b: 3). Most extirpated leks 
were predicted to be on the periphery of greater sage-grouse range. This study also 
predicted > 50% extirpation probability for 12.3, 19.2, and 29.6% of populations, 
defined as neighboring clustered leks, over the same time frames (Coates et al. 2021b: 
3). 

Gunnison sage-grouse have not been legally hunted since 1999 (Dinkins et al. 
2021a). Gunnison sage-grouse are almost extirpated from Utah and greatly reduced 
in Colorado; their populations are currently so small they have been federally listed as 
a Threatened species (USFWS 2014). In Canada, greater sage-grouse are federally 
listed as Endangered under the Alberta Wildlife Act, Saskatchewan Wildlife Act, 
and under the Canada’s Species at Risk Act (Government of Canada 2021). Greater 
sage-grouse are not federally listed in the United States (USFWS 2015). Hunting 
is currently permitted in Colorado, Idaho, Montana, Nevada, Oregon, Utah, and 
Wyoming (Dinkins et al. 2021a). Sage-grouse have often been viewed as an umbrella 
species, protecting habitat for up to 350 vertebrates through conservation of their 
sagebrush habitats (Rowland et al. 2006; Gamo et al.  2013). However, research 
designed to address this question indicates sage-grouse likely do not serve well in 
a surrogate role due to mismatches between temporal and spatial scales of seasonal 
distributions for other species (Carlisle et al. 2018). 

The historical and current distribution of greater sage-grouse falls within 9 EPA 
Level III ecoregions (Wilken et al. 2011; Fig.  10.1). Gunnison sage-grouse were 
historically found only in the Colorado Plateau and Rocky Mountains ecoregions, 
with most of their current distribution lying within the Rocky Mountains ecoregion 
within Utah and Colorado (Fig. 10.1). Greater sage-grouse occur within 720,141 
km2 across 10 western states and 2 Canadian provinces and Gunnison sage-grouse 
occur within 10,036 km2 in Colorado and Utah (Table 10.1). The current distribution
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Table 10.1 Land ownership (km2 [%]) for greater and Gunnison sage-grouse within Western 
Association of Fish and Wildlife Agencies Sage-Grouse Management Zones (MZs) 

Management 
zone 

Federal Private State Tribal Other Total area 

km2 (%) 

Greater 
sage-grouse 

720,141 

MZ Ia 34,952 
(17.9) 

127,403 
(65.1) 

13,922 (7.1) 9820 (5.0) 9576 (4.9) 195,673b 

MZ II 78,577 
(52.4) 

54,510 
(36.4) 

9835 (6.6) 6095 (4.1) 803 (0.5) 149,820 

MZ III 103,616 
(83.5) 

16,024 
(12.9) 

2676 (2.2) 1290 (1.0) 451 (0.4) 124,057 

MZ IV 99,339 
(63.5) 

46,026 
(29.4) 

7922 (5.1) 2156 (1.4) 917 (0.6) 156,360 

MZ V 58,270 
(74.4) 

17,954 
(22.9) 

1298 (1.7) 512 (0.7) 259 (0.3) 78,293 

MZ VI 2088 
(18.7) 

6963 
(62.4) 

823 (7.4) 1284 (11.5) 3 (0.0) 11,161 

MZ VII 1740 
(36.4) 

1174 
(24.6) 

622 (13.0) 1207 (25.3) 34 (0.7) 4777 

Gunnison 
sage-grouse 

10,036 

MZ VII 4738 
(47.2) 

5084 
(50.7) 

214 (2.1) 0 (0.0) 0 (0.0) 10,036 

Gunnison sage-grouse only occur within Management Zone VII. Unspecified land ownership is 
denoted as other, which includes local government and unknown ownerships. Ownership in Canada 
is also unknown 
aArea totals and percentages for federal, private, state, and tribal were not available for Canada; thus, 
these were only quantified for greater sage-grouse distribution within the U.S. Canada represented 
9,166 km2 (4.7% of MZ I) 
bTotal area for MZ I includes km2 for Canada 

of greater sage-grouse has been estimated at 56% of the historical distribution and 
the current distribution for Gunnison sage-grouse at 10% of its historical distribution 
(Schroeder et al. 2004). 

10.2.2 Monitoring 

The most common and widespread index for greater sage-grouse is based on annual 
counts of males attending leks (Connelly et al. 2003a, b). Seasonal and daily vari-
ation in lek attendance is well-documented (Emmons and Braun 1984; Walsh et al. 
2004; Fremgen et al. 2016; Wann et al. 2019) and therefore using the maximum 
of repeated counts within a standardized period is recommended for more reliable
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inferences (Connelly et al. 2003a, b; Monroe et al. 2016). However, multiple factors 
can influence detection including weather (Baumgardt et al. 2017; Fremgen et al. 
2019), vegetation and topography (Fremgen et al. 2016), males not attending leks 
(Blomberg et al. 2013b; Gibson et al. 2014), and age of grouse (Jenni and Hartzler 
1978; Walsh et al. 2004; Wann et al. 2019), leading to concerns over the relevance 
of lek counts to the true population status. Any given count is likely an underesti-
mate of the true population associated with a lek and does not indicate age and sex 
ratios or males attending unknown leks (Shyvers et al. 2018). Monitoring through 
mark-resight of leg bands or telemetry can estimate the attendance process (Walsh 
et al. 2004; Gibson et al. 2014; Fremgen et al. 2016; Wann et al. 2019), but also are 
more intensive. More recently, researchers have examined use of infrared imagery 
from aerial surveys to estimate sightability of sage-grouse, given their presence at the 
lek (Coates et al. 2019). Alternatively, researchers may take advantage of informa-
tion from repeated counts to estimate the detection process using N-mixture models 
(McCaffery et al. 2016; Monroe et al. 2019). Due to the open nature of sage-grouse 
lek attendance, inferences from this modeling approach can be extended at most to 
the number of males attending a lek at least once in a season (Nichols et al. 2009). 
Indices may still offer useful inferences of population trends when detectability is 
constant or random over time (Johnson 2008; Monroe et al. 2016), but fail if detection 
covaries with population trends (Monroe et al. 2019; Blomberg and Hagen 2020). 
Additionally, the area used by sage-grouse attending leks is unknown and can vary, 
and not all active leks in a landscape are known to observers. A dual-frame approach 
may help jointly estimate both the number of active leks and the number of males 
attending leks, providing a more accurate estimate of the number of males across a 
landscape (Shyvers et al. 2018). Genetic data from non-invasive sources can be used 
to estimate winter (pre-breeding) population size with a mark-recapture approach 
(Shyvers et al. 2019). 

Due to the cryptic nature of this species, use of radio telemetry and global posi-
tioning systems (GPS) to monitor habitat use and survival is common (e.g., Aldridge 
and Boyce 2007; Smith et al. 2018a). However, this type of monitoring can incur 
substantial costs to researchers and management agencies, both financially and in 
potential bias from monitoring units themselves (Fremgen et al. 2017; Severson et al.  
2019). Indeed, stage-specific data on demographic parameters for this species are 
relatively limited, particularly for chick and juvenile survival (Taylor et al. 2012), and 
other data sources may be needed. For example, hunter-harvest data could be used 
to estimate survival rates, sex ratios, and recruitment metrics (Braun and Schroeder 
2015; Hagen et al. 2018; Wann et al. 2020), and annual counts of sage-grouse broods 
may provide an index of productivity (Connelly et al. 2003a, b). Integrated population 
models (IPMs) which combine demographic information with lek count data may 
improve estimates of sage-grouse population size and other demographic parameters 
(Davis et al. 2014a; McCaffery and Lukacs 2016; Coates et al. 2018).
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10.3 Habitat Associations 

10.3.1 Historical/Evolutionary 

Natural variation in the historical distribution of sage-grouse has occurred because 
of climate fluctuations, specifically in relation to elevational gradients. For example, 
warmer and drier sagebrush habitats at lower elevations tend to have a smaller compo-
nent of native herbaceous cover when compared with higher elevation habitats. As a 
result, some of these lower elevations have reduced capacity to support sage-grouse. 
This can be illustrated by the decline in sage-grouse in the Bonneville Basin in Utah 
during a 4000-year period as the climate warmed and dried (Wolfe and Broughton 
2016). Furthermore, declines in sage-grouse abundance (Connelly et al. 2004;Garton  
et al. 2011) and occupancy (Schroeder et al. 2004) increases fragmentation and 
isolation of populations. This loss of connectivity has dramatic demographic and 
genetic consequences that can reduce population viability (Oyler-McCance et al. 
2005; Oyler-McCance and Quinn 2011), thus further decreasing populations and 
distribution. 

10.3.2 Contemporary 

Declines in sage-grouse populations indicate that identification of important habitats, 
especially breeding habitats, is critical for long-term conservation of sage-grouse, as 
most year-round activity for greater sage-grouse populations occurs within 8 km of 
active leks (Fedy et al. 2012; Coates et al. 2013). Doherty et al. (2016) delineated 
breeding habitat for greater sage-grouse and Doherty et al. (2018) delineated breeding 
habitat for Gunnison sage-grouse. For both species of sage-grouse, breeding habitat 
probabilities ≥ 65% provided a threshold to predict areas where leks occur (predicted 
breeding habitat; Doherty et al. 2016, 2018; Fig.  10.3). Predicted breeding habitat 
overlapped more (range = 15.6–24.7%) with federal lands than on other ownerships 
including private, state, and tribal in the U. S. within Western Association of Fish 
and Wildlife Agencies (WAFWA) Management Zones (MZs) II (Wyoming Basin), 
III (Southern Great Basin), IV (Snake River Plain), and V (Northern Great Basin; 
Doherty et al. 2016; Table 10.2). Predicted breeding habitat for greater sage-grouse 
overlapped more with private compared to public or tribal lands in MZs I (Northern 
Great Plains), VI (Columbia Basin), and VII (Colorado Plateau; Table 10.2). Only 
14.8% (8.4% federal, 5.9% private, and 0.5% of state) of MZ VII was predicted 
breeding habitat for Gunnison sage-grouse in MZ VII (Table 10.2), with the majority 
located in the Gunnison Basin of Colorado (Doherty et al. 2018; Fig.  10.3).
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Fig. 10.3 Greater and Gunnison sage-grouse breeding habitat probabilities in the western United 
States. Inset map represents a detail of breeding habitat probabilities for distribution of Gunnison 
sage-grouse. Areas with > 65% breeding habitat probability indicate predicted breeding habitat 
suitable to support lek formation. The models that generated these predictions were originally 
created from separate analyses focused on greater (Doherty et al. 2016) and Gunnison (Doherty 
et al. 2018) sage-grouse. Models used data from 2010–2014 for greater and 2015 for Gunnison 
sage-grouse

10.4 Rangeland Management 

We do not provide specific prescriptions for practitioners to manage or restore range-
lands for sage-grouse. However, we do synthesize important issues related to Range-
land Management (Sect. 10.4; livestock grazing and grass height, improper grazing, 
mesic resources, fencing, habitat alteration treatments, feral equids, and ravens) and 
Ecosystem Threats (Sect. 10.6; fire, invasion from exotic annual grasses, conifer 
encroachment, sagebrush conversion and seeding introduced grasses, exurban devel-
opment, energy development, and climate change). Topics listed under both sections 
highlight issues, describe concepts, and provide insights from relevant literature to 
assist in providing knowledge applicable to managing and restoring sage-grouse 
habitats at appropriate local scales. We encourage practitioners to access publica-
tions or other resources specifically developed to guide efforts to restore sage-grouse 
habitats such as Pyke et al. (2015a, b, 2017).



10 Sage-Grouse 305

Table 10.2 Land ownership (km2 [%]) for greater and Gunnison sage-grouse within areas with 
predicted breeding habitat sub-stratified by Western Association of Fish and Wildlife Agencies 
Sage-Grouse Management Zones (MZs) 

Management 
zone 

Federal Private State Tribal Other Predicted 
breeding habitat 

Total area 

km2 (%) 

Greater 
sage-grouse 

710,975 

MZ I 12,387 
(6.6) 

26,087 
(14.1) 

3017 
(1.6) 

219 
(0.1) 

22 
(0.0) 

41,732 (22.4) 186,507 

MZ II 28,578 
(19.1) 

16,084 
(10.7) 

3077 
(2.1) 

321 
(0.2) 

128 
(0.1) 

48,188 (32.2) 149,820 

MZ III 30,614 
(24.7) 

3986 
(3.2) 

1096 
(0.9) 

705 
(0.6) 

241 
(0.2) 

36,642 (29.6) 124,057 

MZ IV 32,770 
(21.0) 

10,519 
(6.7) 

2282 
(1.5) 

981 
(0.6) 

151 
(0.1) 

46,703 (29.9) 156,360 

MZ V 12,206 
(15.6) 

1603 
(2.0) 

149 
(0.2) 

47 (0.1) 11 
(0.0) 

14,016 (17.9) 78,293 

MZ VI 961 (8.6) 2923 
(26.2) 

424 
(3.8) 

154 
(1.4) 

1 (0.0) 4463 (40.0) 11,161 

MZ VII 117 (2.5) 444 
(9.3) 

0 (0.0) 81 (1.7) 11 
(0.2) 

653 (13.7) 4777 

Gunnison 
sage-grouse 

10,036 

MZ VII 847 (8.4) 594 
(5.9) 

50 
(0.5) 

0 (0.0) 0 (0.0) 1491 (14.8) 10,036 

Predicted breeding habitat was based on breeding habitat probabilities ≥ 65%, indicating areas with 
adequate breeding habitat to support lek formation for greater (Doherty et al. 2016) and Gunnison 
(Doherty et al. 2018) sage-grouse (Fig. 10.3). For MZ I, areas with predicted breeding habitat 
were only quantified for greater sage-grouse distribution within the U.S., as there was no breeding 
habitat probability data available for Canada. Gunnison sage-grouse only occur within Management 
Zone VII. Unspecified land ownership was denoted as other, which included local government and 
unknown ownerships. Ownership in Canada was also unknown

10.4.1 Livestock Grazing and Grass Height 

Potential responses from sage-grouse to livestock grazing management have been 
hypothesized, because positive correlations between sage-grouse nest site selection 
and survival and grass height have been documented (Holloran et al. 2005; Doherty 
et al. 2014; Gibson et al. 2016a). Indeed, the 2014 Threatened listing decision for 
Gunnison sage-grouse suspected that failure of multiple allotments meeting relevant 
land health standards might have negatively affected the species (USFWS 2014). 
One such habitat metric is grass height, which is incorporated in habitat management 
guidelines (Connelly et al. 2000; Stiver et al.  2015), but the relevance of this parameter 
is increasingly questioned. The first criticism is methodological; due to phenology
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and vegetation growth during a season, researchers measuring grass height at nesting 
outcome (fail or fledge) inherently induce a bias in their measurements, where grass 
height is often lower for failed nests (Gibson et al. 2016b; Smith et al. 2018b). 
Correcting for this discrepancy resulted in more modest, and variable, relationships 
between sage-grouse nest survival and grass height (Gibson et al. 2016b; Smith 
et al. 2018b). Secondly, habitat associations are often context-dependent, and there 
is risk in extrapolating results from individual, localized studies to other parts of 
the sage-grouse range (Smith et al. 2020). Finally, while attention has been focused 
on potential effects of grazing on sage-grouse nest habitat and survival, livestock 
may influence other components of sage-grouse life history such as brood-rearing 
habitat. For example, habitat selected for nesting may correlate with subsequent brood 
survival (Gibson et al. 2016a), and a diverse diet of abundant plants and invertebrates 
may benefit sage-grouse productivity (Blomberg et al. 2013a; Smith et al. 2019). 
However, there is a lack of empirical support for the hypothesis that livestock grazing 
manipulates food availability for sage-grouse, and, in turn influences sage-grouse 
vital rates. This is a compelling hypothesis, though, as research from central Montana 
found greater insect diversity and activity-density of arthropods eaten by sage-grouse 
in sagebrush grazed by livestock under rest-rotation as compared to lands ungrazed 
for over a decade (Goosey et al. 2019). 

Studies examining responses of sage-grouse populations to grazing are also still 
limited, likely because of the large areas sage-grouse use for their life history (Fedy 
et al. 2014). In one of the few grazing studies, based on public lands records from 
across Wyoming, Monroe et al. (2017) estimated a negative response to higher levels 
of reported grazing early in the growing season among male sage-grouse attending 
leks and a positive response when grazing occurred later. This relationship was 
apparent in areas where vegetation productivity was low, but not in high productivity 
areas. A field experiment study based on research conducted on private ranches in 
central Montana indicated a positive trend in daily survival rates for greater sage-
grouse nests on ranches that implemented rotational livestock grazing, yet support 
for this effect was weak (Smith et al. 2018a). This study did not find grazing rest of 
1 year or greater increased daily survival rates for nests and rotational grazing and rest 
compared to other grazing strategies in the area had negligible effects on herbaceous 
vegetation height and cover. These authors concluded that grazing strategies played 
a minor role in sage-grouse nest success relative to other factors such as climate and 
predators in the northern Great Plains (Smith et al. 2018a). 

10.4.2 Improper Grazing 

Improper livestock grazing is generally heavy, repeated grazing, particularly in the 
spring, of sagebrush communities and can be detrimental to large perennial bunch-
grasses and favor exotic annual grasses, particularly in sites with lower resilience 
and resistance (Stewart and Hull 1949; Daubenmire 1970; Mack 1981; Knapp 1996).
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Improper grazing can negatively affect sagebrush communities by altering vegeta-
tion composition and structure. Some of the most significant effects of improper live-
stock grazing are related to its interaction with other factors. For example, improper 
grazing often depletes the perennial herbaceous component and increases sagebrush 
cover, but these communities may not convert to exotic annual grasslands until a 
wildfire removes the sagebrush and creates a pulse in resource availability (Davies 
et al. 2016a). In contrast to repeated heavy grazing, moderate levels of grazing with 
periods of growing season deferment and rest may not negatively impact sagebrush 
communities (West et al. 1984; Davies et al. 2018; Copeland et al. 2021) and may 
even decrease their risk of converting to exotic annual grasslands after burning by 
reducing fire severity (Davies et al. 2009, 2015a, 2016b). 

10.4.3 Mesic Resources 

Mesic resources include moist areas near springs, creeks, ponds, reservoirs, and wet 
meadows, which promote herbaceous production near water, attracting livestock 
and sage-grouse during summer as upland sites dry and herbaceous plants senesce 
(Connelly et al. 2011b; Swanson et al. 2015). Late brood-rearing habitat is more 
limited than early brood-rearing habitat, composing an estimated 5% of sage-grouse 
habitat in a study area in southern Alberta (Aldridge and Boyce 2007), and 2.4% 
of sage-grouse habitat in California, northwest Nevada, and Oregon (Donnelly et al. 
2016). Furthermore, late brood-rearing habitat where broods survived composed 
only 2.8% of a study area in central Nevada (Atamian et al. 2010). Private lands are 
particularly important in providing mesic resources to sage-grouse, because 60% of 
sage-grouse habitat occurs on public lands, yet 68% of mesic sites available to sage-
grouse occur on private lands (Donnelly et al. 2016, 2018). Sage-grouse population 
productivity, based on lek distribution and attendance data, increased with proximity 
to mesic sites for greater sage-grouse in California, northwest Nevada, and Oregon 
(Donnelly et al. 2016). Anecdotal evidence from earlier Nevada studies indicated 
moderate cattle grazing in mesic meadows induced use by sage-grouse because cattle 
herbivory exposed preferred forbs (Neel 1980; Evans 1986). Recent research from 
Idaho indicates use of early-season, high-intensity cattle grazing increases cover 
and biomass of high-value forbs used by sage-grouse in mesic meadows (Randall 
et al. 2022). Practices to restore meadows and riparian areas within the sagebrush 
biome include Zeedyk structures, beaver dam analogs, and grazing management— 
these practices may increase productivity of vegetation in sage-grouse brood-rearing 
habitats by 25% (Silverman et al. 2019). Conservation and management of mesic 
resources is imperative to maintain sage-grouse populations in the face of climate-
driven variability in vegetation conditions (Donnelly et al. 2018).
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10.4.4 Fencing 

Structures associated with livestock production can be detrimental to sage-grouse. 
For example, fencing located near leks may increase collisions (Stevens et al. 2012b; 
Van Lanen et al. 2017), particularly in relatively flat topography (Stevens et al. 
2012a; Fig.  10.4). Use of fence markers and wooden fence posts spaced < 4 m (13.1 
feet) apart may reduce collisions (Stevens et al. 2012a; Van Lanen et al. 2017). 
Another option to consider is to move or remove fences in high-risk areas (Stevens 
et al. 2012b). Managers may also consider marking fences in sage-grouse breeding 
habitats when fence densities exceed 1 km/km2 (0.62 mile/mile2) within 2 km (1.2 
miles) of active leks in areas with flat to gently rolling terrain (Stevens et al. 2012a). 
Marked compared to unmarked fences in Idaho reduced risk of fence collision by 
greater sage-grouse approximately 83% (Stevens et al. 2012b), and, in Wyoming, 
marking fences, regardless of marker type, reduced collisions approximately 57% 
(Van Lanen et al. 2017).

10.4.5 Habitat Alteration Treatments 

Improper vegetation treatments are also a concern in sagebrush communities, espe-
cially brush management in lower elevation sagebrush communities, which are hotter 
and drier than those at higher elevations are. Attempts to improve sage-grouse 
and other wildlife habitat by reducing sagebrush cover in Wyoming big sagebrush 
communities has not achieved desired results of enhancing habitat conditions that 
bolster populations (Beck et al. 2012). Reducing sagebrush in these communities 
also often substantially increases exotic annual grass and forb abundance and cover 
(Davies et al. 2012; Davies and Bates 2014). Thus, sagebrush control in Wyoming 
big sagebrush communities may facilitate conversion to an exotic annual grassland. 
Manipulating sagebrush to benefit sage-grouse populations is largely untested (but 
see Dahlgren et al. 2006, 2015; Smith and Beck 2018; Smith et al. 2023), and cumu-
lative effects of treatments can be detrimental to populations (Dahlgren et al. 2015). 
Effects likely vary by sagebrush treatment type and scale, with negative responses for 
mechanical and prescribed fire but neutral-to-positive long-term responses to chem-
ical reduction, where many structural components of sagebrush are retained (Smith 
and Beck 2018). 

10.4.6 Feral Equids 

Negative ecological effects, mainly from increasing feral horse (Equus ferus 
caballus), and, in limited areas, burro (E. asinus) populations, on federal public 
rangelands are a growing concern for sage-grouse habitats (see Chap. 21: Feral
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Fig. 10.4 Illustration depicting major threats to sage-grouse and their habitat. Multiple threats 
that may constrain sage-grouse populations are indicated by arrows pointing at an adult male, 
adult female, and chick sage-grouse in the center of the illustration. Land use and development 
threats can occur at any elevation, may occur solely, or in combination and are not ubiquitous 
across the range of sage-grouse. Land use and development threats include effects from renewable 
energy (e.g., wind energy), non-renewable energy (e.g., oil and gas development), linear features 
(e.g., fences, roads, and transmission lines), exurban residential development, increasing predators 
(e.g., common ravens that utilize developed areas to a higher degree), and feral horses. Persistent 
ecosystem threats related to exotic annual grasses, conifer encroachment and fire occur rangewide. 
Resistance to invasive annual grasses and resilience to disturbance increases with elevation owing 
to increased precipitation and cooler soil temperatures (Chambers et al. 2014, 2017). Wyoming big 
sagebrush dominates lower elevations where invasion by exotic annual grasses create continuous 
fuel beds, leading to increased fire frequency and reducing Wyoming big sagebrush. Encroaching 
conifers at higher elevations outcompete mountain big sagebrush and herbaceous plants (see Davies 
et al. 2011). Figure created by Emilene Ostlind, University of Wyoming

Equids; U. S. Fish and Wildlife Service 2013; Beever et al.  2018; Scasta et al. 2018). 
Rangewide, about 12% of sage-grouse habitat is also managed for feral equids. 
However, the amount of overlap varies among states, reaching a high of > 99% 
overlap where feral horses occur on Bureau of Land Management (BLM) lands in 
Wyoming (Beever and Aldridge 2011). Multiple direct and indirect effects have been 
hypothesized regarding how feral equids may influence sage-grouse life stages and
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habitat characteristics (Beever and Aldridge 2011). Field studies on feral horses have 
reported modification of habitat quality through increased bare ground and reduced 
grass height (Hennig et al. 2021), propagating cheatgrass seeds via feces (King 
et al. 2019), and disruption of male sage-grouse attending leks (Muñoz et al. 2021). 
Managing feral horses at or below appropriate management levels set by BLM is 
consistent with maintaining sage-grouse populations at levels where sage-grouse do 
not overlap with feral horses (Coates et al. 2021a). However, when horse numbers are 
2, 2.5, and ≥ 3 times over maximum appropriate management levels, probability of 
sage-grouse population decline relative to controls is 76%, 97%, and > 99%, respec-
tively (Coates et al. 2021a). These predictions indicate properly managing feral horse 
numbers that do not exceed appropriate management levels is most harmonious with 
maintaining sage-grouse populations where the two species share habitat. 

10.4.7 Ravens 

Common ravens (Corvus corax ‘hereafter, ravens’) are a major predator of sage-
grouse nests (Dinkins et al. 2016a; Conover and Roberts 2017). During the last half 
century, ravens have expanded their distribution and increased in abundance in central 
and western North America (Dinkins et al. 2021b; Harju et al. 2021). Abundance of 
ravens from 1995 to 2014 was highest in western and southeastern WAFWA MZs 
(III, IV, V, VI, and VII), and ravens were expanding into and increasing in MZs 
I and II in the northeast (Dinkins et al. 2021b). High abundance of ravens in MZ 
VII indicates the Threatened Gunnison sage-grouse has been exposed to high raven 
numbers for a few decades (Dinkins et al. 2021b; Harju et al. 2021). Occurrence 
of ravens increases with presence of livestock and associated infrastructure, such 
as buildings and water sources (Coates et al. 2016a; Fig.  10.4). Increases in raven 
populations are related to their ability to exploit anthropogenic resource subsidies 
such as food, perches, and nesting structure in rangelands, uncoupling them from 
the availability of local indigenous resources (Boarman 2003). Adult female sage-
grouse avoid nesting in habitat with higher densities of ravens (Dinkins et al. 2012). 
Predictive modeling across rangewide sage-grouse habitat indicates higher growth 
rates for ravens in landscapes with greater transmission line density. Dinkins et al. 
(2021b) found carrying capacity for ravens was higher with increasing proportion of 
urban land cover within 25 km and burned area within 3 km, and negatively correlated 
with greater distance from landfills and proportion of forest cover within 15 km. 
Management actions to reduce effects of ravens on sage-grouse populations include 
removing nesting structures and food sources, eliminating or covering landfills, and 
restoring burned sagebrush (Dinkins et al. 2021b).
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10.5 Effects of Disease 

10.5.1 General Concerns for Populations 

Sage-grouse host a variety of potentially pathogenic organisms including macropar-
asitic arthropods (e.g., lice, ticks), helminths (e.g., nematodes, cestodes, trematodes), 
and microparasites (protozoa, bacteria, fungi and viruses; Christiansen and Tate 2011; 
Sinai et al. 2017). Various non-parasitic diseases or disease-like conditions can also 
affect sage-grouse (Christiansen and Tate 2011). Most macro- and microparasites, 
and infectious diseases documented in sage-grouse have not resulted in widespread 
population level effects to sage-grouse (Christiansen and Tate 2011). However, 
researchers have conducted few systematic surveys for parasites or pathogens in 
sage-grouse. 

West Nile virus (WNV; Flaviviridae, Flavivirus) has emerged as a threat to sage-
grouse (Walker and Naugle 2011). In addition to WNV, avian infectious bronchitis 
virus and other avian coronaviruses, avian retroviruses, Mycoplasma spp., and the 
Eimeria coccidians and associated enteric bacteria may be subject to amplification 
by climate change or anthropogenic disturbance or have a history of impacting sage-
grouse. These historic and emerging risks indicate further monitoring and research 
of diseases and parasites in sage-grouse is warranted as suggested by Peterson (2004) 
for prairie grouse. 

10.5.2 Diseases as Associated with Livestock 

There are few direct disease relationships known to occur between rangeland live-
stock and sage-grouse. However, surface water, an important component of rangeland 
management, plays a role in the exposure of sage-grouse to WNV. Coccidiosis, tape-
worms, and toxicosis are also discussed due to their local significance in the past and 
potential, though unlikely, risks to sage-grouse populations in the future. 

West Nile Virus. West Nile virus, a mosquito-borne flavivirus, is recognized as an 
important source of mortality to sage-grouse in elevations below 1500 m, which is 
approximately 40% of current sage-grouse range (Walker and Naugle 2011). Few 
live sage-grouse have tested seropositive for WNV antibodies indicating sage-grouse 
rarely survive infection (Walker and Naugle 2011; Dusek et al. 2014). Population 
viability analyses indicate that local populations may be vulnerable to extirpation 
from even a single stressor, such as WNV (Taylor et al. 2013). Additionally, West 
Nile virus can have cascading effects as evidenced by a quadrupling of lek inactivity 
when populations already impacted by energy development are exposed to a West 
Nile virus outbreak (Taylor et al. 2013). 

Livestock reservoirs, even water-filled hoof prints, can serve as breeding habitat 
for vector mosquitoes (Doherty 2007). The mesic areas created by the reservoirs
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attract sage-grouse in mid to late summer (Connelly et al. 2011b), during the peak of 
WNV transmission. Eliminating mosquito-breeding habitat or controlling mosquito 
larval populations in anthropogenic water sources can reduce effects of WNV on 
sage-grouse populations (Zou et al. 2006; Walker and Naugle 2011; Watchorn et al. 
2018). 

Summer temperatures may affect WNV viremia (Naugle et al. 2005; Walker  
and Naugle 2011) and vector mosquito autogeny (Brust 1991) indicating increasing 
temperatures associated with climate change may increase WNV risk to sage-grouse. 
Mammals, particularly humans and horses, can become infected through mosquito 
bites and represent dead-end hosts of WNV infection (Ahlers and Goodman 2018). 

Coccidiosis. Prior to the emergence of West Nile virus, coccidiosis (Eimeria spp.) 
was the most important known disease of sage-grouse. Losses of young sage-grouse 
were documented in several states from 1932 to 1953, typically in areas where 
up to 2000 (estimated) birds congregated, resulting in fecal contamination of soil 
and water (Honess and Post 1968). Sporadic occurrence of coccidiosis-associated 
morbidity and mortality in individual birds is reported; however, notable mortality 
events attributed to coccidiosis in sage-grouse have not been documented since the 
early 1960s. This change in disease dynamic may be the result of decreased sage-
grouse densities. Livestock are also susceptible to coccidiosis, but the infectious 
species of Eimeria are host specific (López-Osorio et al. 2020). 

Tapeworms. The most visually apparent parasites of sage-grouse are tapeworms 
(Order: cestoda), which are commonly reported by hunters and field personnel. Sage-
grouse show no apparent clinical signs of infection and may reflect an almost perfect 
adjustment between the host and its parasite (Honess 1982). However, “heavy” 
burdens of tapeworms could have direct and/or indirect adverse effects on individual 
birds, such as intestinal occlusion, reduction in vigor, and increased susceptibility to 
other parasites (Cole and Friend 1999). Livestock are also susceptible to tapeworms, 
but not the species that infect sage-grouse. 

Toxicosis. During 1949–50, 1.7 million ha of Wyoming rangeland were aerially 
treated with Toxaphene and Chlordane bran bait to control grasshoppers (Family: 
Acrididae; Post 1951). Post (1951) reported game bird mortality and toxemia on 
treated areas. The scale and toxicity of grasshopper control efforts during this time 
indicate widespread but unquantified negative effects to sage-grouse populations. 
Neither Chlordane nor Toxaphene have been registered for grasshopper control since 
the early 1980s. Modern pesticides applied via Reduced Agent and Area Treatments 
approach (Lockwood et al. 2002) likely minimize effects. 

Ivermectin, a broad-spectrum antiparasitic, is routinely and globally used to 
control parasitic worms of ruminant animals. Field studies have demonstrated the 
dung of animals treated with ivermectin influences abundance and ecology of inver-
tebrates (Martinez et al. 2017; Finch et al. 2020). The direct or indirect effects 
of ivermectin (or similar compounds) to sage-grouse is unknown, but research in 
central Montana showed dramatically lower dung beetle activity-density on lands 
with managed grazing than on idled land, which were hypothesized to be due to
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anti-parasitic drugs like ivermectin (Goosey et al. 2019). However, sage-grouse food 
arthropods were still collected in higher numbers, overall, on managed than on idled 
land (Goosey et al. 2019). 

10.6 Ecosystem Threats 

Sagebrush ecosystems are experiencing numerous landscape-scale threats that 
decrease the quantity and quality of sagebrush communities (Davies et al. 2011). 
Historically, the sagebrush ecosystem occupied over 62 million hectares in western 
North America. By the early 2000s, it was estimated that sagebrush occupied less than 
60% of its historical range and many remaining sagebrush communities were frag-
mented and degraded (Knick et al. 2003; Schroeder et al. 2004). The loss, degrada-
tion, and fragmentation of sagebrush occupied rangeland has continued with altered 
fire regimes, anthropogenic development, conifer encroachment, exotic annual grass 
invasion, climate change, and conversion to croplands and introduced grasslands. 
Many of these stressors are interrelated, with one threat exacerbating another, creating 
feedback loops. Habitat loss is viewed as the primary reason for declines in sage-
grouse populations. For example, greater sage-grouse in Canada now only inhabit 
7% of their historical distribution, primarily due to habitat loss from agricultural 
development and placement of anthropogenic features such as oil and gas wells in 
remaining habitats (Government of Canada 2021). 

10.6.1 Altered Fire Regimes 

Sagebrush ecosystems are experiencing widespread alteration to historical fire 
regimes. Fire frequency has increased in many hotter and drier sagebrush commu-
nities, driven mainly by exotic annual grass invasion (Balch et al. 2013) as well  
as increased human-caused ignitions (Bradley et al. 2018). Frequent fire prevents 
reestablishment of sagebrush and is detrimental to many native perennial species. In 
contrast, fire frequency has decreased in cooler and wetter sagebrush communities 
substantially because of fire suppression and historical heavy grazing (Miller and 
Wigand 1994; Miller and Rose 1999). Decreased fire frequency has allowed conifer 
woodlands to establish across many sagebrush communities, which further decreases 
fire frequency due to reduced fine fuel loads in woodland understories. Periodic fire 
in these cooler and wetter sagebrush communities is also important for promoting 
spatial and temporal heterogeneity of habitats (Davies and Bates 2020).
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10.6.2 Invasion from Exotic Annual Grasses 

Sagebrush plant communities are experiencing undesirable shifts in vegetation 
composition and structure from invasive species. Exotic annual grasses are the 
primary threat in hotter and drier sagebrush communities (Davies et al. 2011; Cham-
bers et al. 2014) and native conifers are encroaching into cooler and wetter sage-
brush communities (Miller and Wigand 1994; Miller et al. 2005). These two unde-
sirable vegetation shifts largely occur in different sagebrush community types, but 
conifer encroachment and exotic annual grass invasion appear to be overlapping more 
frequently in recent decades (Davies et al. 2011) as annual grasses spread to higher 
elevations and north-facing aspects consistent with predictions of climate warming 
(Smith et al. 2022). 

Exotic annual grasses, primarily cheatgrass (Bromus tectorum) and medusahead 
(Taeniatherum caput-medusae) have invaded tens of millions of hectares of the sage-
brush ecosystem, particularly in the western portion of sage-grouse range (Meinke 
et al. 2009; Bradley et al. 2018). Cheatgrass, alone is estimated to be present in 
high abundance across almost a third (21 million ha) of the Great Basin (Bradley 
et al. 2018), primarily in sagebrush communities. Exotic annual grass invasion often 
triggers an exotic annual grass-fire cycle, where abundant exotic annual grass fuel 
promotes frequent fire, further decreasing native perennial vegetation (D’Antonio 
and Vitousek 1992; Balch et al. 2013). This cycle results in exponential declines 
in native plants and biodiversity as exotic annual grasses increase in abundance 
(Davies 2011). Currently there are no cost-effective treatments to control exotic 
annual grasses across the vast area of invasion (Stohlgren and Schnase 2006). 

10.6.3 Conifer Encroachment 

Conifers, primarily juniper (J. osteosperma, J.  occidentalis, J.  scopulorum) and piñon 
pine, in the sagebrush ecosystem were historically confined to fire-safe sites (i.e., 
rocky slopes and ridges with insufficient understory to carry surface fires) or occurred 
in open savannah-like stands (Romme et al. 2009). Decreased fire frequency has 
allowed conifers to expand into more productive sagebrush communities and increase 
in density, particularly in the western and southern regions of the sagebrush biome 
(Miller and Wigand 1994; Miller et al. 2005). Juniper and piñon woodlands currently 
occupy ~ 19 million ha in the Intermountain West; up to 90% of this area was 
historically sagebrush communities (Tausch et al. 1981; Miller et al. 2008). Conifer 
encroachment eliminates sagebrush and decreases the herbaceous understory, which 
can result in substantial erosion risk (Miller et al. 2000; Pierson et al. 2007). Conifer 
encroachment into sagebrush communities is especially detrimental to sage-grouse 
populations for several reasons. Greater sage-grouse will avoid sagebrush commu-
nities with as little as 4% tree cover (Baruch-Mordo et al. 2013; Severson et al. 
2016). Conifer cover as low as 1.5% negatively influences survival for adult female
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greater sage-grouse (Coates et al. 2017) and increases risk of daily mortality, espe-
cially in juvenile and yearling birds, when navigating conifer-invaded sagebrush 
habitats (Prochazka et al. 2017). Population growth rates for greater sage-grouse are 
lower in conifer-invaded areas than adjacent areas where conifers have been removed 
(Olsen et al. 2021). In addition, simulated removal of conifer coverage up to 30% 
within a 0.56-km2 scale was predicted to increase high-quality Gunnison sage-grouse 
breeding habitat fourfold (Doherty et al. 2018). Despite unprecedented efforts in the 
sagebrush biome, conifer removal is barely keeping pace with its rate of expansion 
(Reinhardt et al. 2020). 

10.6.4 Sagebrush Conversion and Seeding Introduced 
Grasses 

The most arable sagebrush communities in the United States have been converted 
to cropland, thus the continued cultivation of intact landscapes produces marginal 
yields at high costs to wildlife. Crested wheatgrass (Agropyron cristatum and A. 
desertorum) has been seeded on 6–11 million hectares of rangelands in western North 
America, much of which was originally native sagebrush communities (Lesica and 
DeLuca 1996; Hansen and Wilson 2006). Crested wheatgrass is often seeded after 
wildfire in former sagebrush communities largely because of its ability to effectively 
compete with exotic annual grasses (Arredondo et al. 1998; Davies et al. 2010), but 
also because it is less expensive and often establishes more successfully than native 
bunchgrasses in hotter and drier sagebrush communities (Asay et al. 2003; James 
et al. 2012; Davies et al. 2015b). However, due to its ability to outcompete other 
species, crested wheatgrass can form monotypical plant communities, resulting in 
less value as wildlife habitat and lower overall biodiversity (Christian and Wilson 
1999; Heidinga and Wilson 2002; Hamerlynck and Davies 2019). 

Currently there exists a management conundrum that introduced grasslands are 
less desirable than native sagebrush rangelands, but native seedings using conven-
tional seeding techniques frequently fail within sagebrush communities that have 
low resilience and resistance to exotic annual grass invasion (Knutson et al. 2014). 
Furthermore, exotic annual grasslands have lower habitat quality than introduced 
grasslands and the development of exotic annual grasslands increases the probability 
that surrounding areas will convert to exotic annual grasslands. For these reasons, 
introduced grasses are likely to continue to be seeded after fires in sagebrush commu-
nities with substantial risk of exotic annual grass dominance until native species 
establishment is improved. However, introduced grasses should not be seeded in 
more resilient and resistant sagebrush communities where seeded native species can 
successfully establish and persist (e.g. Davies et al. 2019; Urza et al.  2019).
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10.6.5 Exurban Development 

Exurban development is the process of dividing large parcels of mostly undeveloped 
lands into residential lots and is the fastest growing form of land conversion across 
the United States (Brown et al. 2005). As human population growth has continued 
in the western states and provinces, large expanses of the sagebrush ecosystem 
have seen negative effects from human development and subsequent habitat frag-
mentation. Exurban development directly converts native habitat, fragments habitat, 
and degrades remaining habitat for native species. This results in declines in native 
plant and animal diversity, increases in exotic species, and greatly limits the use 
of ecosystem management tools to achieve landscape level effects (Knight et al. 
1995; Maestas et al. 2003; Hansen et al. 2005). Larger human populations are also 
tied to increased fire frequency in Mediterranean-climate ecosystems (Syphard et al. 
2009), thus exurban development of sagebrush communities will likely increase 
fire frequency in some areas, further promoting exotic annual grass invasion and 
dominance. 

10.6.6 Energy Development 

Energy development has fragmented and degraded sagebrush communities in many 
western states and provinces (Bergquist et al. 2007; Lyon and Anderson, 2003; 
Naugle et al. 2011). This threat to the sagebrush ecosystem has increased during 
the twenty-first century with greater demand for renewable energy sources like wind 
and solar energy (Kiesecker and Naugle 2017). Influences of energy development 
are expected to rise as the United States continues to increase its domestic energy 
production (Doherty et al. 2010). For example, the land occupied by well pads, roads, 
and other facilities from recent (2000–2012) expansion of oil and gas extraction in 
North America is estimated at 3 million ha (Allred et al. 2015). This is not exclusive 
to sagebrush communities but highlights the threat of further energy development to 
these communities. 

Energy extraction and development can cause high levels of fragmentation of 
sagebrush landscapes. In areas of northeastern Wyoming, every 1 km2 was bisected 
by a powerline and bounded by a road where energy development and agricul-
tural production occurred (Naugle et al. 2011). Infrastructure for energy extrac-
tion and development including roads, pipelines, earthen dams, and well pads create 
substantial surface disturbance and are vectors for exotic plant invasions within sage-
brush communities, contributing to further degradation (Gelbard and Belnap 2003; 
Bergquist et al. 2007). Sage-grouse typically respond to fragmented landscapes by 
avoiding human infrastructure (e.g., Aldridge and Boyce 2007; Dinkins et al. 2014; 
Kirol et al.  2015). For example, translocated female sage-grouse in Alberta were more 
likely to select habitat with increasing distance from infrastructure, up to 2.5 km from
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roads, 3 km from trees and gas wells, 10 km from buildings, 15 km from settlements, 
and at least 23 km from power lines (Balderson 2017). 

10.6.7 Climate Change 

Climate change is expected to negatively affect the sagebrush ecosystem. Reduced 
snowpack and earlier snowmelt (Klos et al. 2014; Harte et al. 2015) and longer, 
more arid summer conditions leading to drier soils (Palmquist et al. 2016) are factors 
predicted to lead to future reduction in coverage of sagebrush and associated plant 
species, altering sage-grouse habitat (Homer et al. 2015). Cultivation of sagebrush 
habitats in the eastern range of sage-grouse has completely altered carbon storage 
(Sanderson et al. 2020). Retaining and restoring sagebrush habitats represents the 
single largest natural opportunity to maintain carbon storage in rangelands (Fargione 
et al. 2018). Farther west, most models of climate change predict warmer winters and 
altered precipitation patterns, as well as an earlier onset of fire season and more wild-
fires, all conditions that perpetuate exotic annual grasses (Abatzoglou and Kolden 
2011; Creutzburg et al. 2015). When these models are applied to the landscape, 
cheatgrass cover is predicted to remain stable or increase in much of the Great Basin 
for the next 50 years (Boyte et al. 2016). In addition, increasing atmospheric CO2 

concentrations may increase exotic annual grass productivity and litter retention, 
leading to increased fuel loads, which may increase fire intensity and frequency 
(Ziska et al. 2005). Ongoing increases in cheatgrass and other exotic annual grasses 
and associated increased fire frequency will likely further reduce the area occu-
pied by sagebrush. Furthermore, climate change predictions indicate sagebrush may 
not be viable to its entire historical range and may experience a distribution shift 
(Schlaepfer et al. 2015). Future climate scenarios indicate loss of sagebrush, and 
ultimately sage-grouse habitat, in some areas (Schlaepfer et al. 2012; Homer et al. 
2015; Palmquist et al. 2016; Renne et al. 2019), as was historically documented 
with a warmer, drier climate in the Bonneville Basin of Utah (Wolfe and Broughton 
2016). Increased drought conditions will likely also be detrimental to sage-grouse 
demographics (Blomberg et al. 2014). 

10.7 Conservation and Management Actions 

10.7.1 Private Lands 

Approximately one-third of western rangelands are privately owned and managed, 
encompassing some of the most productive sage-grouse habitats (Donnelly et al. 
2016). Grazing by domestic livestock is the common thread that maintains open 
spaces of intact rangelands at ecosystem scales, hereafter referred to as working
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rangelands. Working rangelands connect a checkerboard of public lands that together 
provide ecological footprints large enough to sustain sage-grouse populations and 
rural communities. In the 1930s the father of modern conservation, Aldo Leopold, 
said that ‘conservation will ultimately boil down to rewarding the private landowner 
who conserves the public interest (Flader et al. 1992: 202),’ a prognosis still true 
today. Partnerships are the cornerstone of private lands conservation, with many like-
minded, landowner-led groups coalescing into umbrella organizations to offer their 
shared vision of wildlife conservation through sustainable ranching. State, federal, 
and non-governmental partners commonly provide human and financial resources to 
implement beneficial conservation practices on ranchers’ private operations. 

The largest partnership is the Sage Grouse Initiative (SGI), which launched by 
the USDA Natural Resources Conservation Service (NRCS) in 2010, assists agri-
cultural producers who volunteer to reduce threats facing sage-grouse on working 
rangelands. In 2012, the SGI served as the flagship for the establishment of Working 
Lands for Wildlife (WLFW), an effort to conserve other at-risk ecosystems and asso-
ciated species. The NRCS employs the $60 billion conservation title of the federal 
Farm Bill legislation (title II of the Agriculture Improvement Act of 2018, FY2019– 
FY2023) to help landowners voluntarily implement conservation practices on private 
farms, ranches, and forestlands. Quantifying the outcomes of resulting sage-grouse 
conservation (Naugle et al. 2019; NRCS 2021) and the iterative use of emerging 
science to improve delivery are integral components of this effort (Naugle et al. 
2020). Over the last decade, the SGI has become the primary catalyst for science-
driven sagebrush conservation by using Farm Bill resources to restore or enhance 
more than 29,300 km2 of sage-grouse habitat on more than 1850 ranches, while 
supporting sustainable agricultural productivity on these working lands. Private lands 
conservation was featured prominently in the most recent listing decision for greater 
sage-grouse, placing voluntary conservation on par with regulatory mechanisms on 
public lands. 

With WLFW codified nationally in the 2018 Farm Bill, NRCS continues to 
contribute to conservation of working rangelands as part of the Sagebrush Conserva-
tion Strategy administered by WAFWA. Ongoing contributions strategically target 
removal of expanding conifer, restoration of riparian areas and wet meadows, and 
reduction of cultivation, exurban sprawl, and cheatgrass invasion. Recent removal 
of expanding conifer in > 3300 square kilometers of priority sage-grouse habi-
tats in places like southern Oregon have increased the population growth rate of 
sage-grouse by + 12% (Olsen et al. 2021) and doubled the abundance of sagebrush 
songbirds (Holmes et al. 2017). Riparian and wet meadow restorations on working 
lands using Zeedyk structures, beaver dam analogs, and grazing management have 
increased by 25% the productivity of sage-grouse brood habitats (Silverman et al. 
2019). The strategic placement of conservation easements to alleviate in perpetuity 
the threat of cultivation and subdivision in places like northcentral Montana also 
have conserved the longest known migration corridors of sage-grouse and pronghorn 
(Antilocapra americana) in North America (Tack et al. 2019). Targeting tools created 
from the new NRCS-sponsored Rangelands Analysis Platform (https://rangeland 
s.app) provide an integrated approach for reducing effects of cheatgrass (Western 
Governors’ Association 2020).

https://rangelands.app
https://rangelands.app
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10.7.2 Public Lands 

Approximately two-thirds of sage-grouse habitat in the United States occurs on public 
lands, including lands managed by the BLM (51%), the U.S. Forest Service (USFS; 
8%), and States (5%; Knick 2011). The majority of land inhabited by sage-grouse in 
Alberta and Saskatchewan is provincially owned and leased for grazing or contained 
within Grasslands National Park. Both active leks (as of 2021) in Saskatchewan 
lie within Grasslands National Park and of the 3 active leks in Alberta, 2 occur on 
provincial and 1 on private land (J. T. Nicholson, written communication, Alberta 
Environment and Parks, 2022). The Western Association of Fish and Wildlife Agen-
cies delineated seven Management Zones (MZs) across the sage-grouse range (Stiver 
et al. 2006; Tables 10.1 and 10.2; Fig.  10.3), and these are distinguished as floristic 
provinces based on climatic, elevational, topographic, and edaphic characteristics 
(Connelly et al. 2004). Within each Management Zone in the U.S., areas are prior-
itized for sage-grouse conservation through coordination of local working groups 
and by multiple agencies including at the federal and state levels with habitat issues 
being primarily managed by the BLM and USFS on federal lands and each state on 
state-owned lands. Federal lands in the United States provide the majority of habitat 
for greater sage-grouse in MZs II (Wyoming Basin), III (Southern Great Basin), IV 
(Snake River Plain), and V (Northern Great Basin), whereas private lands provide 
the majority of habitat in MZs I (Northern Great Plains), VI (Columbia Basin), and 
VII (Colorado Plateau; Table 10.1). Gunnison sage-grouse only inhabit portions of 
MZ VII, where land ownership for this species is nearly evenly split between public 
(federal [47.2%] and state ([2.1%]) and private (50.7%; Table 10.1). 

State and provincial wildlife management agencies have the primary role of 
managing sage-grouse populations, inclusive of providing sustainable hunting oppor-
tunities. To implement and prioritize coordinated conservation efforts, numerous 
conservation plans have been drafted by federal, state, provincial, and local working 
groups that detail specific threats and necessary conservation practices, which 
typically address disturbance (sagebrush conversion, energy and mining develop-
ment, fire), habitat (conifer encroachment, invasive plants, grazing), and predation. 
State and local plans generally delineated priority areas based on breeding habitat 
surrounding sage-grouse leks, and these delineations were used to inform national 
Priority Areas for Conservation (PACs) and Priority Habitat Management Areas in the 
U.S (PHMAs; USFWS 2013, 2015). Examples of state priority areas and associated 
conservation policies include Core Areas in Oregon, Montana, and Wyoming, state 
Management Zones and Conservation Areas in Idaho, and Sage-Grouse Management 
Areas in Utah. Because federal and state designations of priority habitat were both 
informed by state assessments, their shape and extent tend to be similar (USFWS 
2013), and they generally aim to maintain stable and reverse declining sage-grouse 
populations by minimizing threats and restoring degraded habitat. In Wyoming, the 
rate of energy development was restricted in core areas (Gamo and Beck 2017), 
and sage-grouse populations tend to perform better within core areas (Spence et al. 
2017; Dinkins and Beck 2019; Heinrichs et al. 2019). However, priority areas tend
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to conserve breeding habitat over winter habitat (Smith et al. 2016; Dinkins et al. 
2017), some plans for priority areas do not explicitly consider livestock management 
(Dinkins et al. 2016b), and high levels of human development adjacent to priority 
areas may still negatively affect sage-grouse populations within these priority areas 
(Spence et al. 2017; Heinrichs et al. 2019). Development activities within core areas, 
as allowed by specific policies, may negatively affect sage-grouse populations if 
adjacent to large leks or high-quality sage-grouse habitats. 

With the 2015 sage-grouse listing decision by USFWS, the BLM and USFS 
committed to monitoring and reviewing grazing authorizations (permits and leases) 
in sagebrush focal areas (SFAs; USFWS 2015), lands deemed highest priority for 
conserving sage-grouse within PHMAs (USFWS 2014). Monitoring and evaluation 
based on Land Health Standards would be prioritized in these areas to determine 
whether habitat objectives for greater sage-grouse are met, whether modifications and 
management are needed, and to ensure compliance (USFWS 2015). Additionally, a 
conceptual framework was recently formalized for understanding the ability of sage-
brush ecosystems to recover following stressors and disturbance such as drought and 
fire (resilience) and retain their original state such as by resisting invasion by annual 
grasses (Chambers et al. 2014). Soil temperature and moisture can largely determine 
resilience and resistance of sagebrush ecosystems (for example, faster recovery under 
cool and moist conditions), and resilience and resistance can be predicted across the 
landscape using maps of soils data (Maestas et al. 2016). Federal agencies currently 
use resilience and resistance concepts to evaluate threats and risk to sagebrush ecosys-
tems and prioritize resources for sage-grouse conservation (Chambers et al. 2017; 
Crist et al. 2019). At finer scales, federal agencies are committed to using the Habitat 
Assessment Framework (HAF; Stiver et al. 2015) to determine management objec-
tives for sage-grouse habitat on public lands (USFWS 2015). The BLM, USGS, and 
WAFWA are currently working to refine habitat objectives at multiple scales using 
rangewide datasets of sage-grouse lek locations, movement, and remote sensing 
products (C. L. Aldridge, U.S. Geological Survey, written communication, 2021). 

Hunting regulations for sage-grouse were instituted among states starting around 
the turn of the twentieth century. Restrictions to hunting regulations, such as season 
length, bag limits, and hunting season closures, have generally been implemented 
in response to declines in sage-grouse numbers (Wambolt et al. 2002; Dinkins et al. 
2021a). Although hunting can negatively impact sage-grouse populations (Connelly 
et al. 2003a, b; Blomberg 2015; Caudill et al. 2017), it is generally unclear that 
current harvest limits are detrimental (Sedinger et al. 2010; Taylor et al. 2012), and 
states and provinces have adjusted harvest regulations to reduce hunting exposure to 
declining populations or in response to management challenges such as extreme fire 
events (Dinkins et al. 2021a).
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10.8 Research/Management Needs 

As iconic species dependent on sagebrush-dominated rangelands across western 
North America, we have summarized the myriad conservation challenges facing 
greater and Gunnison sage-grouse, yet gaps remain in both our knowledge base and 
potential solutions. Livestock production is one of the oldest and most widespread 
land use types overlapping sage-grouse range; however, experiments directly eval-
uating effects of livestock on sage-grouse demography and population trends are 
limited (Beck and Mitchell 2000) but have been performed in Montana (Smith et al. 
2018a) and are currently being conducted in Idaho (Conway et al. 2021). Despite 
uncertainty over the importance of grass height for sage-grouse nest success, herba-
ceous cover, particularly forbs and associated arthropods, may still be important 
for brood-rearing sage-grouse, yet little research exists for livestock management in 
brood-rearing habitat (but see Street 2020). Given variability in environmental condi-
tions over space and time (such as precipitation; Blomberg et al. 2012; Guttery et al. 
2013), replicating grazing experiments and observational studies over long temporal 
periods (> 2 years) is needed. Further, greater sage-grouse respond and use habitat 
at multiple scales, including for nest sites, brood-rearing, and wintering habitat, so 
examining how rangeland management affects these different components at rele-
vant scales is warranted (for example, see Smith et al. 2023). Broad-scale studies are 
needed to anticipate how policies and land use alternatives may affect sage-grouse 
populations. Records of livestock on public lands may indicate levels of use across 
these vast landscapes (Veblen et al. 2014; Monroe et al. 2017), but these data are 
often coarse (reported annually at the scale of the allotment). An evaluation of how 
these records relate to forage consumption, and therefore to the structure and compo-
sition of vegetation, is warranted. Federal agencies have committed to implementing 
management standards for sage-grouse in priority areas (USFWS 2015), but consis-
tent, long-term monitoring will be critical to detect deviations from desired manage-
ment outcomes (Veblen et al. 2014). Effects of increasing feral equid populations on 
habitat alteration and sage-grouse populations also merit further study. 

Studying each of the ecosystem threats listed above in the context of other threats 
will be necessary, given the potential for interactions among multiple stressors. 
Sustainable management of livestock is compatible with sage-grouse (Beck and 
Mitchell 2000; Smith et al. 2018a), but levels of forage production that define 
sustainable grazing could change under future climate conditions (Reeves et al. 
2014). While resilience and resistance concepts can be used to anticipate effects 
of climate change (Bradford et al. 2019; Crist et al. 2019), current consideration 
for this stressor by federal agencies may be limited (Brice et al. 2020). Given the 
effects of increasing wildfire and exotic annual grass spread on sage-grouse popu-
lations (Coates et al. 2016b; Smith et al. 2022), additional research and manage-
ment directed at controlling exotic annual grasses and restoring degraded habitat 
will benefit sage-grouse. Finally, greater study of effects to small and isolated popu-
lations including constrained movements, predation, genetic issues, and emerging
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infectious diseases could identify interactions with other environmental and anthro-
pogenic threats, potentially revealing additional mechanisms driving sage-grouse 
population trends. 
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