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EXECUTIVE SUMMARY

Greater sage-grouse (Centrocercus urophasianus) once occupied parts of 12 states within
the western United States and 3 Canadian provinces. Populations of greater sage-grouse have
undergone long-term population declines. The sagebrush (Artemisia spp.) habitats on which
sage-grouse depend have experienced extensive alteration and loss. Consequently, concerns
raised for the conservation and management of greater sage-grouse and their habitats have
resulted in petitions to list greater sage-grouse under the Endangered Species Act. In this report,
we assessed the ecological status and potential factors that influenced greater sage-grouse and
sagebrush habitats across their entire distribution. We used a large-scale approach to identify
regional patterns of habitat, disturbance, land use practices, and population trends. We included
literature spanning the last 200 years, landscape information dating back 100 years, and
population data collected over the last 60 years.

We described the primary issues that influenced greater sage-grouse and sagebrush
habitats for an area that exceeded >2,000,000 km? (>770,000 mi®) in size. To do this, we
compiled, integrated, and analyzed data obtained from agencies and organizations within 14
states, >13 federal agencies, and 2 nations. We did not make recommendations or suggest
management strategies.  Rather, our goal was to present an unbiased and scientific
documentation of dominant issues and their effects on greater sage-grouse populations and
sagebrush habitats.

We organized the Conservation Assessment into 4 main sections. In the first section,
(Chapters 1 and 2), we present background information on greater sage-grouse and sagebrush
habitats. We first introduce the factors that have contributed to widespread concern about
conservation and management of greater sage-grouse and sagebrush habitats. We also describe
the historical and legal administration as well as the current stewardship of sagebrush habitats.
We then provide information on the conservation status of the species across its range-wide
distribution. The second section (Chapters 3-5) provides information on the basic ecology of
greater sage-grouse and sagebrush habitats. Our objectives were to develop the underlying
foundation on which to assess information presented in the remainder of the document. In the
third section (Chapters 6-12), we describe the current situation and trends in greater sage-grouse
populations and the dominant factors that individually and cumulatively influence sagebrush
habitats. In the fourth section (Chapter 13), we integrate the habitat and population trend
information into a synthesis of the conservation status for greater sage-grouse and sagebrush
ecosystems in western North America.

Sagebrush Habitats

Sagebrush ecosystems dominate approximately 480,000 km? throughout western North
America. Almost all (70%) of the existing sagebrush habitats are publicly owned and managed
by a state or federal agency. The U.S. Bureau of Land Management is the primary agency
responsible for management of public lands containing sagebrush and has stewardship for 50%
of the sagebrush habitats in the United States. Multiple use is the dominant management
objective on almost all sagebrush habitats.
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Using a landscape perspective, we described the current status of sagebrush ecosystems
(Chapter 5), trends within these systems (Chapter 7), and assessed impacts of anthropogenic
change with respect to sage-grouse (Chapter 12). In most cases, we gquantified the changes, the
regional distribution of a factor, or the area influenced by the disturbance.

The sagebrush biome has changed since settlement by Europeans. The current
distribution, composition and dynamics, and disturbance regimes of sagebrush ecosystems have
been altered by interactions among disturbance, land use, and invasion of exotic plants. The
primary areas in which sagebrush habitats currently cover a large regional portion of the
landscape were in central Washington; southeastern Oregon, northern Nevada, and southwestern
Idaho; and central Wyoming. Landscapes were highly fragmented surrounding these regions.

The number of fires and total area burned have increased across much of the sagebrush
biome over the past 20 years (for which records are more reliable). Cheatgrass (Bromus
tectorum) and other exotic plant species have invaded lower elevation sagebrush habitats across
much of the western part of the biome, further exacerbating the role of fire in these systems. At
higher elevations, juniper (Juniperus spp.) and pinyon (Pinus spp.) woodland invasions into
sagebrush habitats also have altered disturbance regimes.

Land conversions were significant factors in separating habitat patches and fragmenting
landscapes. Sage-grouse populations and sagebrush habitats that once were continuous now are
separated by agriculture, urbanization, and development in the Snake River corridor in southern
Idaho. Highly productive regions throughout the sagebrush biome that had deeper soils and
higher precipitation have been converted to agriculture in contrast to the low elevation, more
xeric climates that characterized the larger landscapes still dominated by sagebrush. Agriculture
currently influences 56% of the Conservation Assessment Area and 49% of the sagebrush
habitats by fragmenting the landscape or facilitating movements of potential predators, such as
common ravens (Corvus corax) on greater sage-grouse.

Urbanization and increasing human populations throughout much of the sagebrush biome
have resulted in an extensive network of roads, powerlines, railroads, and communications
towers and an expanding influence on sagebrush habitats. Roads and other corridors promote the
invasion of exotic plants, provide travel routes for predators, and facilitate human access into
sagebrush habitats. Human-caused fires were closely related to existing roads. Less than 5% of
the existing sagebrush habitats were >2.5 km from a mapped road.

We evaluated the influence of livestock grazing primarily by the effect on habitats
resulting from management practices and habitat treatments. Numbers used by agencies (e.g.,
permitted Animal Unit Months) do not provide the information on management regime, habitat
condition, or kind of livestock that can be used to assess the direct effects of livestock grazing at
large regional scales. Indices of seral stage used to relate current conditions to potential climax
vegetation may not correlate with current understanding of the state-and-transition dynamics of
sagebrush habitats. Over half of the public lands have not been surveyed relative to standards
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and guidelines established for those lands. Although large treatments designed to remove
sagebrush and increase forage palatable to livestock no longer are conducted, habitat
manipulations, water developments, and fencing still are done to manage livestock grazing.
Widespread water developments throughout sagebrush habitats increased the amount of area that
can be grazed. More than 1,000 km of fences have been constructed each year on public lands
from 1996 to 2002; linear density of fences exceeded 2 km/km? in some regions of the sagebrush
biome. Fences provide perches for raptors, and modify access and movements by humans and
livestock, thus exerting a new mosaic of disturbance and use on the landscape.

Energy development for oil and gas influences sagebrush habitats by physical removal of
habitat to construct well pads, roads, and pipelines. Indirect effects include habitat fragmentation
and soil disturbance along roads, spread of exotic plants, and increased predation from raptors
that have access to new perches for nesting and hunting. Noise disturbance from construction
activities and vehicles also can disrupt sage-grouse breeding and nesting. Development of oil
and gas resources will continue to be a significant influence on sagebrush habitats and sage-
grouse because of advanced technological capability to access and develop reserves, high
demand for oil and gas resources, and the large number of applications submitted (4,279 in fiscal
year 2002) and approved each year.

Some land use factors that we considered, such as military training, may have very
intense effects on habitats but are restricted to relatively small regions across the entire sagebrush
biome. In contrast, livestock grazing influences sagebrush ecosystems across the entire biome.
The cumulative impacts of the disturbances and the interactions among disturbance regime,
invasive species, and land use have the most significant influence on the trajectory of sagebrush
ecosystems rather than influences attributed to any single source.

Sage-grouse populations depend on relatively large expanses of sagebrush-dominated
shrub steppe. However, the appropriate patch size needed for winter and breeding habitats used
by greater sage-grouse is uncertain. It is likely that this patch size is not a fixed amount but
depends on various factors including migration patterns and productivity of the habitat.

Greater Sage-grouse Populations

We describe the population biology (Chapter 3) and habitat needs (Chapter 4) of sage-
grouse. Chapter 6 addresses sage-grouse databases, distribution, and population trends. We also
review information on genetics (Chapter 8), hunting (Chapter 9), predation and disease (chapter
10) and current monitoring techniques (Chapter 11).

Sage-grouse are a relatively long-lived species of upland game bird with low
reproductive rates. Sage-grouse are entirely dependent on sagebrush habitats for successful
reproduction and winter survival. Disease and hunting have generally not been major factors in
sage-grouse population change but new information suggests West Nile Virus may pose a
significant threat.

Executive Summary ES-3



Conservation Assessment of Greater Sage-grouse and Sagebrush Habitats Connelly et al.

All state and provincial fish and wildlife agencies monitor sage-grouse breeding
populations annually, but monitoring techniques vary among areas and years both within and
among agencies. This variation complicates attempts to understand grouse population trends and
make comparisons among areas. However, virtually all states and provinces have increased
monitoring efforts, especially over the last 10 years. Range-wide, population monitoring efforts
increased by 737% between 1965 and 2003. The largest increases in effort occurred in Montana
and Wyoming, two of the key sage-grouse states. Our analysis indicated that 2,637 leks are now
censused annually.

We conducted a comprehensive analysis of sage-grouse population changes throughout
their range by accumulating and analyzing all available male counts at 5,585 leks identified since
agencies began routine monitoring of this species. we applied several different techniques to
evaluate greater sage-grouse populations in North America. These techniques included: 1)
changes in the average and median number of males per active lek; 2) changes in the average and
median number of males per lek (including leks that are inactive); 3) annual changes in the
number of males attending leks monitored in consecutive years (rate of change data); 4)
evaluation of spatial patterns of lek extirpation; 5) evaluation of patterns of range extirpation;
and 6) delineation and evaluation of distinct breeding populations.

The overall distribution of potential pre-settlement habitat was estimated to have been
1,200,483 km? and the current distribution to be 668,412 km®. Approximately 56% of the
potential pre-settlement distribution of habitat is currently occupied. The area currently occupied
by sage-grouse is clearly smaller than was occupied in pre-settlement times.

With most of the analysis of sage-grouse numbers, we focused on the 1965-2003 period.
Although many states and provinces were collecting data prior to 1965, this 39-year range
provided an opportunity to analyze data after a sample of leks had been identified and protocols
for data collection had been established and implemented. Eleven of 13 (85%) states and
provinces showed significant long-term declines in size of active leks. Similarly, eight of 10
states (80%) showed population declines over the same time frame. Two of 10 (20%) appeared
to be stable or slightly increasing. Only California had an increase in both the population index
and lek size.

When sage-grouse breeding populations were delineated based on separation by distance
and unsuitable habitat, trends for populations were similar to those of the states. Our analysis of
the entire sage-grouse population indicated that sage-grouse declined dramatically from the
1960s to the mid-1980s and then tended to stabilize. This analysis indicated that these changes
were often not density-independent. If trends characteristic of the 1960s through the mid-1980s
continued, sage-grouse had a relatively high likelihood of being extirpated. However, those
trends have not continued. As a result, data suggest sage-grouse populations in most areas have
been relatively stable or slightly declining during the last 15-20 years. In many areas numbers
increased between 1995 and 2003. Although there are areas that presently could be considered
population strongholds, some populations are still declining rather precipitously in various
portions of the species range.
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Annual rates of change suggest a long-term decline for greater sage-grouse in western
North America and support the trend information obtained from lek attendance (males/lek) data.
Sage-grouse populations declined at an overall rate of 2.0% per year from 1965 to 2003. From
1965-85, the population declined at an average rate of 3.5%. From 1986 to 2003, the population
declined at a lower rate of 0.4% and fluctuated around a level that was 5% lower than the 2003
population. A total of 50,566 male sage-grouse were counted on leks in 2003 throughout
western North America. However, we are not optimistic about the future of sage-grouse because
of long-term population declines coupled with continued loss and degradation of habitat and
other factors (including West Nile Virus).

Conclusion

This report is the first detailed assessment of range-wide population and habitat data for
greater sage-grouse. The information and analysis included in this report can be used to monitor
future population changes and responses to management activities. As such, we hope that the
information that we have presented now can be the foundation for increasing our understanding
of the ecology of sagebrush-dominated landscapes and species that depend upon them.
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CHAPTER 1

Introduction

Abstract. Population declines of greater sage-grouse (Centrocercus urophasianus) and alterations
and loss of sagebrush (Artemisia spp.) have prompted petitions to the U.S. Fish and Wildlife
Service to list the species under the Endangered Species Act. Our objectives were to present an
unbiased assessment from an ecological perspective of the current status and the potential factors
that influenced the long-term conservation of greater sage-grouse populations and the sagebrush
ecosystems on which they depend. We reviewed the primary literature, and conducted new
analyses and presented results on data collected for greater sage-grouse populations and sagebrush
habitats. Our approach was large-scale, and was intended to identify regional patterns of
disturbances, land use practices, and population trends. A blind review of this document was
conducted by the Ecological Society of America. In addition, members of the National Sage-
grouse Conservation Planning Framework Team and representatives from each state and province
in the current range of greater sage-grouse reviewed the document for completeness and technical
accuracy. In this chapter, we present the background, objectives, perspective, and geographical
and temporal scope for the Conservation Assessment. Because 70% of the lands dominated by
sagebrush cover are managed by public agencies, we summarized the primary legislation directing
the historical disposition and governing the use of public lands. We also presented information on
the administrative jurisdiction of sagebrush habitats because many of the stressors on sagebrush
ecosystems involve land use and management practices. However, we did not provide
management recommendations. Rather, this document was intended as an objective scientific
presentation of the individual and cumulative influences on greater sage-grouse and sagebrush
habitats.

Range-wide Conservation Assessment

Background and Rationale

Historically, greater sage-grouse occurred in parts of 12 states within the western United
States and 3 Canadian provinces (Fig. 1.1) (Schroeder et al. 2004). Greater sage-grouse
populations have declined throughout much of their former range and have been extirpated from
Nebraska, and British Columbia (Connelly and Braun 1997, Schroeder et al. 1999, Schroeder et
al. 2004). The historical distribution of greater sage-grouse in Arizona currently is being
questioned. Estimates of regional declines ranged from 17 to 47% (Connelly and Braun 1997).
Greater sage-grouse currently occupy 670,000 km? or 56%, of their potential pre-settlement
range, which once covered approximately 1,200,000 km? (Schroeder et al. 2004). Current
distributions of “fringe” populations are fragmented and increasingly disjunct from core regions
of the distribution (e.g., Mono Lake, California; eastern Washington; southern Utah) (Schroeder
et al. 1999). Despite widespread concerns regarding the species’ status and declining numbers,
there has been no definitive range-wide assessment of sage-grouse populations and habitats.

The greater sage-grouse is entirely dependent on sagebrush ecosystems that dominate
much of western North America. The sagebrush biome, comprised primarily of 20 taxa
encompassing 11 major Artemisia species and subspecies groups (McArthur and Plummer 1978,
McArthur and Sanderson 1999), covers approximately 480,000 km? (118.6 million acres) and
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includes 14 states (Washington, Oregon, California, Idaho, Nevada, Utah, Arizona, Montana,
Wyoming, Colorado, New Mexico, Nebraska, South Dakota, and North Dakota) (sagebrush
habitats in Oklahoma and Kansas were outside of the pre-settlement range of greater sage-grouse
were not included in this assessment) and 3 provinces (Alberta, British Columbia,
Saskatchewan) (Fig. 1.2). Vegetation and wildlife communities vary greatly across the range
covered by sagebrush as a function of differences in underlying soils, climate, elevation, and
geographic location (Miller and Eddleman 2001). The relatively simple structure and floristic
characteristics of sagebrush landscapes (West 1996, West and Young 2000) mask complex
community dynamics, disturbance regimes, and system resiliency.

Three fundamental characteristics of the landscape that early European explorers once
described as a vast sea of sagebrush (Fremont 1845) have been altered from pre-settlement
conditions. First, the total land area dominated by sagebrush has been reduced in many regions
of the sagebrush biome. For example, approximately 75% of the shrubsteppe habitats occurring
on deep, loamy soils in the state of Washington and virtually all of the basin big sagebrush
(Artemisia tridentata ssp. tridentata) habitats in southern Idaho have been converted to
agricultural croplands (Hironaka et al. 1983, Noss et al. 1995, McDonald and Reese 1998,
Vander Haegen et al. 2000). Second, the composition of sagebrush communities has been
changed, primarily through alterations in the understory vegetation and soils. Replacement of
native perennial bunchgrasses by cheatgrass (Bromus tectorum), an exotic annual, has
profoundly altered the fire regime and led to extensive loss of large expanses of sagebrush
habitats (d’Antonio and Vitousek 1992, West and Young 2000, Brooks and Pyke 2001). Finally,
the configuration of sagebrush habitats within the larger context of the landscape has been
changed. The increased edge in landscapes fragmented by roads, power-lines, fences, and other
linear features promote spread of exotic invasive species (Gelbard and Belnap 2003), facilitates
predator movements (Tewksbury et al. 2002), and isolates wildlife populations (Saunders et al.
1991, Trombulak and Frissell 2000). Changes in quantity, composition, and configuration of
sagebrush habitats have consequences on the ecological processes within the sagebrush
ecosystem and the resources available to support wildlife (Wisdom et al. 2002). Few pristine
and intact sagebrush ecosystems remain (Noss and Peters 1995, Noss et al. 1995, West 1996,
Mac et al. 1998).

Over 350 species of flora and fauna depend on sagebrush habitats for all or part of their
existence; a high proportion of the endemic and imperiled species in the western United States
are found within the sagebrush distribution. The Great Basin ecoregion contains the second
highest number of imperiled endemic species in the United States (Chaplin et al. 2000:166).
The Columbia Basin population of pygmy rabbits (Brachylagus idahoensis) and Gunnison sage-
grouse (Centrocercus minimus) are highly dependent on sagebrush habitats and currently are
candidate species for federal listing under the Endangered Species Act (U.S. Fish and Wildlife
Service 2000, U.S. Fish and Wildlife Service 2003). The current range occupied by Gunnison
sage-grouse has been reduced to 5,000 km? from its pre-settlement distribution of 45,000 km?
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primarily because of habitat loss and alteration (Oyler-McCance et al. 2001, Schroeder et al.
2004).

Petitions filed to list the greater sage-grouse under the Endangered Species Act are based
on concerns for long-term conservation because of potential threats to the species and the
sagebrush habitats on which it depends (Wambolt et al. 2002). Public perception has progressed
beyond the prediction that the “much-maligned sagebrush will be regarded with increasing favor
by land managers” (McArthur and Plummer 1978) to genuine concern about these ecosystems
(Braun et al. 1976, Knick 1999) to requests for legal action (Chapter 2).

A decision to give the greater sage-grouse protected status across its entire range has
significant consequences for management and use of a large part of the western United States.
Less than 1% of the 668,412 km? currently occupied by greater sage-grouse, and very little
sagebrush habitat is legally protected (Caicco et al. 1995, Stoms et al. 1998, Scott et al. 2001,
Wright et al. 2001, Knick et al. 2003). Multiple-use management dominates approximately 70%
of the sagebrush habitats, which are owned publicly (Box 1990, Poling 1991). Consumptive
uses that potentially influence sagebrush habitats include livestock grazing, mining, energy
development, conversion to agriculture, and urbanization. Non-consumptive uses, such as use of
off-road vehicles for recreation, also have the potential to influence habitats and populations of
sage-grouse. Greater sage-grouse also are legally hunted in 10 states, and some populations are
also subject to subsistence hunting by Native Americans.

Objectives and Perspective of the Conservation Assessment

Our primary objective was to document the current status and the potential factors that
influence the long-term conservation of greater sage-grouse populations and the sagebrush
ecosystems on which they depend. We based our analysis throughout this document on an
ecological perspective of the dynamics inherent in sagebrush ecosystems and the requirements of
greater sage-grouse. In contrast, land-use perspectives have goals to maximize a particular
function that may have objectives competing with other resource use. For example, evaluation
of sagebrush communities primarily based on their ability to provide forage for livestock may
result in extensive alterations that are unsuitable for greater sage-grouse and other species
dependent on sagebrush habitats (Schneegas 1967, Klebenow 1970, Braun et al. 1976, Reynolds
and Trost 1981, Crawford et al. 2004).

An ecological perspective is critical to providing a common denominator within which
land uses can be evaluated in relation to disturbance and resiliency of the system. We have used
ecological terms to describe population or habitat patterns and processes rather than value-laden
terms which may have alternate connotations. Commonly used terms, such as “decadent” or
“catastrophic” evoke an attitude that something must be fixed or controlled, or is irreversible.
Similarly, “range improvement” may reference multiple objectives but has traditionally connoted
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a management effort to increase the land’s capacity to provide livestock forage and not an
alteration that necessarily reflects changes beneficial to sage-grouse (Vale 1974, Crawford et al.
2004). To present an unbiased assessment, we have attempted to use objective descriptors
throughout.

We did not evaluate the feasibility of a land use, the need for a resource commodity, or
the public perception of land use (e.g., Donahue 1999). Nor did we present strategies for
mitigating uses or recommend alternative levels of use. Rather, we attempted to answer the
questions about current uses (actions) and the way in which they influence the ecological
functions of sagebrush ecosystems (reactions). In that context, we presented the ecological
framework, but also recognize that political, economic, and social arenas also are components in
the discussions of how we use sagebrush ecosystems (Torell et al. 2002, Wambolt et al. 2002).

Geographic, Temporal, Jurisdictional, and Scientific Scope

We conducted our assessment of the status of greater sage-grouse and sagebrush habitats
for the region delineated by the pre-settlement distribution of greater sage-grouse (Schroeder et
al. 2004). Choosing the larger historical distribution as our base analysis region permitted us to
compare differences relative to the current distribution and detect potential determinants of
population changes or extirpation. We buffered the historical distribution by 50-km to include
an evaluation of external factors that may have contributed to current trends in populations or
habitats. For example, this buffer would include potential spatial processes including spread of
invasive plant species, influence of hunting from urban centers, or movement of predators from
farmlands. Therefore, the total area bounded by this assessment was approximately 2,063,000
km? (Fig. 1.3, Table 1.1).

The large area included in the assessment dictated that we addressed issues at the spatial
and temporal scales appropriate to understanding how land use and habitat changes influenced
greater sage-grouse populations or altered processes, such as disturbance, within sagebrush
ecosystems. Thus, we focused on large-scale, regional patterns and processes in the sagebrush
biome to identify the dominant patterns and processes that were expressed over large regions. In
doing so, we recognized the hierarchical nature of ecological systems (Allen and Starr 1982,
Peterson and Parker 1998) and the way in which local patterns and processes interact to
influence dynamics at regional scales. Impacts from land uses or “natural” habitat disturbance
can range from loss of a single sagebrush plant to effecting changes across entire landscapes.
Local disturbances such as a small water impoundment or the pad on which an oilrig was
constructed may directly impact a relatively small (<2 ha) area of sagebrush habitat. We focused
on the cumulative contribution of water impoundments or oil rigs to directly remove sagebrush
habitat and indirectly to change the dynamics of sagebrush ecosystems. Similarly, we did not
assess individual grazing allotments to determine the effects of livestock grazing but rather
addressed the collective influence of livestock grazing across the sagebrush biome. Hunting also
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can be assessed from the perspective of deaths to individual birds or by the impact on
populations. We focused on large-scale population changes within and among states. To the
extent possible, we agglomerated local information into the larger context of patterns and
processes for populations and ecosystems. Therefore, our analysis was designed to identify and
evaluate issues at the scale at which greater sage-grouse populations and sagebrush ecosystems
were likely to be most influenced and at which management might be most effective.

The temporal period covered by this assessment ranges from settlement by Europeans in
western North America and the disposition of western lands (approximately mid-1800’s) to the
most recent statistics available on the current status of greater sage-grouse and sagebrush
habitats (generally 2000-2003). Although we attempted to reconstruct as much of the historical
setting as possible to interpret the underlying mechanisms responsible for today’s conditions, our
primary focus is on the current state of these ecosystems and the implications for the future.
Concerns about the ecological status of sagebrush ecosystems have been expressed for a long
time (Patterson 1952, Braun et al. 1976). However, we still lack baseline information across
much of the sagebrush biome against which to evaluate population and habitat changes.
Therefore, most information that we present is recent but perhaps now we can begin the daunting
task of providing a baseline database for future efforts.

Many of our summary analyses are presented by administrative units, and primarily are
organized by state or province. State statistics were derived for Arizona, California, Colorado,
Idaho, Montana, Nebraska, Nevada, New Mexico, North Dakota, Oregon, South Dakota, Utah,
Washington, and Wyoming in the United States. Statistics derived from county records, such as
the areas in the Conservation Reserve Program, were presented graphically in maps but were
presented by state when summarized in tabular form. We also included information for the
Canadian provinces of British Columbia, Alberta, and Saskatchewan.

A plethora of ecological regions have been designated by agencies and organizations.
Each of these regional delineations, such as the USDA Forest Service Ecological Units
(ECOMAP 1993), The Nature Conservancy’s Ecoregions (The Nature Conservancy 1999), and
Kiichler’s ecoregions (Kiichler 1964) emphasize different characteristics (e.g., hydrological or
physiognomic) or serve different purposes (Fig. 1.4). When summarizing information by
regions, we used 7 primary geographical subdivisions within the sagebrush range (West 1983)
because of the general similarities in climate, elevation, topography, geology, and soils within
each division (Miller and Eddleman 2001) (Fig. 1.5).

The spatial and temporal resolution (the unit at which measurements were taken) of data
used in this assessment varied greatly. For example, many of the habitat analyses were based on
satellite imagery that varied in spatial resolution from 90-m to 1.1-km grid cells and for
comparisons across temporal resolution that varied from weeks to decades. We have
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documented the measurement units in the methods associated with each analysis section or in the
metadata record attached to each data set.

We have listed all measurements in metric units through this document. Units of area
were reported in square kilometers (km?); we used hectares (ha) when the area was <10 km?.

Treatment of Uncertainty

Our analysis presented in this Conservation Assessment is based primarily on correlative
information. Controls on disturbances or availability of comparison regions are difficult and
often not possible, particularly when comparing large-scale effects across landscapes and among
populations. Few studies at regional scales are able to attribute cause and effect in relation to
management action. Because of the nature of some land uses (we cannot develop one oil field
and have another undeveloped field equal in all other variables), our evaluation suffers from a
lack of replication (Johnson 2002). We have dealt with these situations by statistically
comparing biological variability and responses (Osenberg et al. 1994, Underwood 1994, Wiens
and Parker 1995, Manly 2001).

We present our treatment of the data whenever appropriate with an associated statistical
probability of accepting the result rather than a subjective or descriptive appraisal. In statistical
tests, we must recognize the problems of Type | (concluding that a perturbation has an effect
when it did not) and Type Il (concluding that a disturbance has no effect when one actually
exists) errors. Each of these statistical errors has consequences for our interpretation and
subsequent management action (Eberhardt and Thomas 1991).

We have tried to resolve differences resulting from methods for measuring vegetation,
lek counts, resolutions of GIS layers and information, and terminology when compiling
information across administrative or research boundaries. Nonetheless, reconciling differences
in spatial or temporal resolution, collection or analysis method, and incomplete or incongruent
data represented one of the most significant challenges to developing consistent data for the
large region covered by this assessment. Whenever possible, we merged individual datasets if
data and underlying methods were complimentary. However, we often had only data from part
of the region (e.g., the INVADERS plant database covered only Washington, Oregon, Idaho,
Montana, and Wyoming; Toney et al. 1998) or disparate data sources on which to conduct our
analyses.

We often relied on statistics created for a single management entity in our assessment.
The Public Land Statistics compiled by the U.S. Bureau of Land Management represent
activities by that agency. Even though the U.S. Bureau of Land Management is the largest
federal land management authority for sagebrush lands in the United States (Knick et al. 2003),
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these statistics cannot be extrapolated to activities on private lands or to other agencies. They
represent only part of the entire management and use scenario for sagebrush habitats.

Each of these problems in data management and analysis techniques introduce
uncertainty into our assessment. Consequently, we have chosen to limit our projections of
habitats and populations through modeling exercises. Although these may provide insights into
potential alternatives (e.g., Hemstrom et al. 2002, Wisdom et al. 2002, Pedersen et al. 2003), our
primary objective was to present information on the current dynamics and status of sagebrush
ecosystems rather than to evaluate management scenarios or project future trends. To do this,
we have documented our data and sources, detailed our methods, and presented statistical
probabilities to our conclusions.

Review of the Conservation Assessment

Document review was accomplished at several levels. The primary level of data review
was the responsibility of the authors of each individual section or chapter. The authors were
requested to authenticate their datasets. The next level of review was accomplished by the
National Sage-grouse Conservation Planning Framework team. This team reviewed the
document for its completeness. Each state and province in the Western Association of Fish and
Wildlife Agencies (WAFWA) and within the current range of greater sage-grouse reviewed the
document to evaluate the appropriateness of treatment of their data and subsequent analysis.
WAFWA was responsible for delivery of this assessment. The final level of review was a
scientific peer review. The Ecological Society of America (ESA) conducted a blind peer review
of the document using a panel of reviewers recruited from a broad array of natural resource
fields.

Scientific Criteria and Documentation of Sources
Criteria for Use of Data and Scientific Information

A broad spectrum of information is available on sage-grouse and their habitats. This
information includes newspaper and sporting magazine articles, newsletters, agency reports,
technical reports issued by agencies and universities with little or no peer review, peer-reviewed
agency and university technical reports, masters and doctorate theses and peer reviewed papers
in scientific journals. As a general rule, we have greatest confidence in findings and conclusions
developed in scientific papers. Normally, results from graduate theses are also quite reliable, as
well as those from technical reports issued by agencies and universities that have received
outside peer-review. Although findings in non peer-reviewed publications may be correct, we
have less confidence in their validity because they have not undergone detailed review by
scientists outside of the immediate issuing agency and thus may be subject to biases, deficiencies
in study design, or misinterpretation of data.
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We did not intend for this Conservation Assessment to be an extensive bibliography of
all available material. Rather, we have considered only sources for information that have a high
degree of reliability and stability. Thus, for findings, conclusions, and management concerns
incorporated into the conservation assessment, we depended on papers published in scientific
journals, peer-reviewed agency reports, and graduate theses. We largely avoided other sources
of information that might contain less reliable information. However, if information on a
particular aspect was found only in a nonpeer-reviewed source, we presented that information
but provided a caveat that indicated the source. We considered state and federal reports (e.g.,
Pittman-Robertson reports) as well as online documents (e.g., U.S. Public Land Statistics) as
reliable sources for data sets on sage-grouse populations (e.g., harvest, lek counts) and habitat
attributes (e.g., number of water developments, miles of fencing).

Documentation of Data and Sources

We have archived the data and documented the sources used in this conservation
assessment on the U.S. Geological Survey (2001) SAGEMAP Website
(http://sagemap.wr.usgs.gov/conservation_assessment.htm). All spatial datasets used in our
analysis will be available for download with the exception of proprietary data. Each dataset will
have an associated metadata record documenting the original data and GIS procedures.

Management and Stewardship of Sagebrush Habitats
Principal Legislation Governing the Management and Use of Public Lands

Landscapes dominated by sagebrush have been managed primarily for multiple use since
European settlement began in the 1800°s (Table 1.2). Mining for coal and mineral resources,
forage production for livestock, and developing lands for irrigated agriculture dominated uses of
sagebrush lands. By the late 1800’s, the federal government began a series of legislative actions
under a succession of Homestead Acts to dispose of public lands to the private sector.
Approximately 1.2 million km? of public lands were disposed of under the Homestead Acts
(Ross 1984). Large amounts of lands also were granted to build railroads connecting eastern and
western United States.

During the same period, a series of legislative acts were passed to regulate grazing on
public lands and delegated responsibility to the U.S. Forest Service in the Department of
Agriculture and the Grazing Service in the Department of Interior for administrating public land
grazing. The Taylor Grazing Act passed in 1934 authorized the Secretary of Interior to establish
grazing districts of “vacant, unappropriated and unreserved land from any parts of the public
domain, excluding Alaska, which are not national forests, parks and monuments, Indian
reservations, railroad grant lands, or revested Coos Bay Wagon Road grant lands, and which are
valuable chiefly for grazing and raising forage crops.” The Secretary of Interior also was
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authorized to issue permits to graze livestock upon annual payment of fees, of which a portion
was returned to the individual states. Public lands not reserved or withdrawn as refuges were
designated as "national resource lands" and placed under the jurisdiction of the federal Grazing
Service, which was merged with the General Land Office in 1946 to form the U.S. Bureau of
Land Management. The U.S. Bureau of Land Management is the principal federal agency in the
United States responsible for management of sagebrush habitats (Table 1.3). More recent
legislation (Federal Land Policy and Management Act 1976, Public Rangelands Improvement
Act 1978) has reaffirmed administrative policies that public lands are to be managed for multiple
use and sustained yield.

Passage of the Energy Policy and Conservation Act (1975) emphasized the need to
stabilize the supply of energy and develop fossil fuels located on federal public lands. The
reauthorization of the Energy Policy and Conservation Act in 2000 also directed the U.S.
Departments of Energy, Agriculture, and Interior to inventory all onshore oil and gas reserves
and to identify impediments to the development of those resources. Executive Order 13212,
signed in 2001, stated “agencies shall expedite their review of permits or take other actions as
necessary to accelerate the completion of such projects, while maintaining safety, public health,
and environmental protections” (White House 2001). In response, the U.S. Bureau of Land
Management has followed an administrative policy to ensure the timely development of these
critical energy resources in an environmentally sound manner and has directed land-use planners
to not unduly restrict access to Federal lands, while continuing to protect resources when they
review oil and gas lease stipulations, (U.S. Bureau of Land Management 2003a,b,c).

Most of the legislation establishing land use policy contained language directing that
conservation of land, resources, and wildlife be considered in implementing management
actions. However, the Wilderness Act (1964) specifically recognized the need to protect areas
from human encroachment and use and to preserve those places for future generations. The
National Environmental Policy Act (1969) and the Endangered Species Act (1973) specifically
required an assessment, review, or consultation of the potential for management actions to
adversely impact species, their habitats, or the quality of their environments.

A perspective that the primary use of western public shrublands should be for
commodities has often conflicted with ecological or botanical perspectives, beginning with the
early surveyors and scientists studying these habitats in the 1800’s (Box 1990). These different
perspectives continue to shape our view and use of public lands (Young et al. 1981, Poling 1991,
West 1996, Holechek et al. 1998, Wambolt et al. 2002, Crawford et al. 2004).

Stewardship of Sagebrush Lands

Sagebrush habitats included in this assessment covered approximately 48 million ha and
were distributed across 13 states and 3 provinces (Fig. 1.6). Nevada and Wyoming had the
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largest total area covered by sagebrush. Idaho, Nevada, Oregon, and Wyoming each had >20%
of their area dominated by sagebrush (Table 1.1). Approximately 12% of the area in
Washington and 17% in Utah was in sagebrush habitat. All other states and provinces had <10%
of their total area in sagebrush cover (Table 1.1). We likely have underestimated the area
covered by sagebrush in Montana because silver sagebrush (Artemisia cana) and Wyoming big
sagebrush (A. tridentata ssp. wyomingensis), the dominant sagebrush species in northeastern
Montana, are distributed sparsely across much of the region among grassland habitats and are
not easily mapped from satellite imagery. We also were unable to obtain current maps of
sagebrush for the eastern portions of the sagebrush biome because they had not been completed
at the time of this assessment.

Approximately 30% of the sagebrush lands in the United States is privately owned (Table
1.3). Percent of privately owned sagebrush lands within states ranged from 0 to 56% and was
greatest in Montana, Colorado, Washington, and South Dakota. Of the states containing the
largest total area of sagebrush, the percent in private ownership was 17% in Nevada, 38% in
Wyoming, 17% in Idaho, and 27% in Oregon. In Canada, 90% of the sagebrush area in
Saskatchewan, 28% in Alberta, and 0% in British Columbia was privately owned.

Federal agencies in the United States were responsible for management of 66% of the
sagebrush landscape (Table 1.3). Of these agencies, the U.S. Bureau of Land Management had
management authority for one-half of the sagebrush lands in the United States. Within states,
the percent of sagebrush habitat managed by the U.S. Bureau of Land Management ranged from
<5 (North Dakota, South Dakota, and Washington) to >40% (California, Idaho, Nevada, Oregon,
Utah, and Wyoming). The U.S.D.A. Forest Service had stewardship of 8% of the sagebrush
habitats. The U.S.D.A. Forest Service managed <10% of the sagebrush habitats within each
state except for California, ldaho, North Dakota, and Utah. Other Federal agencies in the U.S.
Department of Defense, U.S. Department of Energy, and the U.S. Department of Interior
(including the Bureau of Indian Affairs, Fish and Wildlife Service, and National Park Service)
were responsible for management of <5% of sagebrush lands within the United States. (Fig 1.7).
Almost all sagebrush lands under authority of the US Bureau of Indian Affairs were in Arizona,
New Mexico, and South Dakota. (Table 1.3).

State agencies managed 5% of the total landscape dominated by sagebrush in the United
States. Only Arizona and Washington had >10% of their sagebrush habitat managed by state
agencies.
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Fig. 1.1. Current distribution of sage-grouse and pre-settlement distribution of potential habitat in North America (Schroeder
2004). For reference, Gunnison sage-grouse in southeastern Utah and southwestern Colorado are shown.
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Fig. 1.2. Current distribution of the sagebrush biome in western North America (adapted from West 1983; Miller and Eddleman
(2001). Sagebrush distribution in eastern Montana likely is under represented because remote sensing methods from which the
map was derived, may not adequately delineate sparsely distributed sagebrush. We could not obtain comparable maps of sagebrush
distribution for North Dakota and South Dakota. The map represents the percent of the landscape dominated by sagebrush habitats
(Chapter 5), not site-specific values of ground cover. As such, it is intended to be a general representation of sagebrush
distribution (more detailed maps of distribution and fragmentation are presented in Chapter 5).
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Fig. 1.3. Area included in the range-wide conservation assessment for greater sage-grouse and sagebrush habitats. The study area
was delineated by buffering the pre-settlement distribution of sage-grouse by 50-km (including the range of the Gunnison sage-
grouse even though that species was not included in the assessment) (Schroeder et al. 2004). Excluded areas or “islands” in
southern Utah and southwestern Colorado are a function of the buffering delineation in which those regions are >50 km from the
historical or current distribution of sage-grouse.
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Fig. 1.4. Pre-settlement distribution of sage-grouse with overlays of boundaries for (1) Omernik Regions, (2) The Nature
Conservancy ecoregions, (3) Bird Conservation Regions, and (4) Bailey’s ecoregions.
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Fig. 1.5. Geographic subdivisions within the sagebrush biome (adapted from West 1983, Miller and Eddleman 2001).
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Fig. 1.6. Stewardship of sagebrush lands in the United States and Canada. Location of private lands is shown in Chapter 5 (Fig.
5.19).
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Fig. 1.7. Distribution of national parks and lands managed by the U.S. Department of Defense and the U.S. Department of Energy
on which access or land use is restricted.
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Table 1.2 State and provincial summaries of total area, area included in the Conservation
Assessment, and area dominated by sagebrush®. All areas are in km?.

Area included in
Conservation Sagebrush % of total

State/Province Total Area Assessment area area
Arizona 294,505 58,734 15,142 5
California 408,638 17,474 12,993 3
Colorado 269,616 146,823 18,993 7
Idaho 215,850 161,195 56,566 26
Montana® 381,344 365,187 24,255 6
Nevada 286,626 252,863 108,725 38
New Mexico 315,349 53,518 10,592 3
North Dakota® 183,398 30,920 4,283 2
Oregon 251,411 170,017 56,715 23
South Dakota” 199,933 55,940 479 0
Utah 219,814 208,475 37,379 17
Washington 174,277 100,435 20,131 12
Wyoming 253,301 252,724 95,699 38
United States 461,954
Alberta 666,034 61,824 10,620 2
British Columbia 944,510 11,196 1,591 0
Saskatchewan 652,023 55,548 6,969 1
Canada 19,180
Totals 2,062,872 481,134

#Sagebrush communities included Wyoming and Basin big sagebrush, black sagebrush, low
sagebrush, low sagebrush—mountain big sagebrush, low sagebrush-Wyoming big sagebrush,
mountain big sagebrush, scabland sagebrush, threetip sagebrush, Wyoming big sagebrush,
and Wyoming big sagebrush—squaw apple.

"Total area of sagebrush in the eastern portion of the sagebrush biome likely is underestimated
because current maps of equivalent spatial and thematic resolutions were not available.
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Table 1.2 Principal federal legislation governing the management and use of public sagebrush lands.

Year

Legislative Act

Land Use

1862

1872

1877

1897
1909

1912

1916

1920

1934

1946

Homestead Act

General Mining Act

Desert Land Act

USDA Forest Service Organic Act
Enlarged Homestead Act

Three-year Homestead Act

Stock Raising Homestead Act

Mineral Leasing Act

Taylor Grazing Act

Creation of the U.S. Bureau of
Land Management

37" Congress,

Chapter 75, 12,
Stat. 392

30 USC 21-54

43 USC 321-
339

16 USC 473
43 USC 218-
221

37 Stat. 123-
125

Statutes at
Large, vol. 39,
p.864

30 USC 181-
287

43 USC 515-
315r

28 USC 403

Permitted entry on 160 acres provided the settler built a home and lived on
the land, and made improvements and farmed it for 5 years.

Declared that all valuable mineral deposits on lands belonging to the United
States were free and open for purchase. Anyone could stake a claim at no
cost.

Permitted entry on 640 acres at $0.25/acre provided the lands could be
irrigated.

Established grazing management on forest reserves

Permitted entry to 320 acres for dry-land farming

Reduced the occupancy period to 3 years

Permitted entry to 640 acres that had been designated for grazing. Federal
government retained subsurface rights to minerals and coal. The area was
still too small for many arid sections.

Directed management of the energy resources on Federal lands to be
developed by leasing exploration and development rights.

Established grazing fees and districts, lands were classified as to their best
use, federal government has to care for the land and take into account the
people who use it.

Merged the Grazing Service with the General Land Office to form the Bureau
of Land Management within the U.S. Dept. of Interior
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1973

1975
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Recreation and Public Purposes Act

Wilderness Act

Classification and Multiple Use Act
National Environmental Policy Act

Wild Free-Roaming Horses and
Burros Act

Endangered Species Act

Energy Policy and Conservation
Act

43 USC 869

16 USC 11131-
1136

43 USC 2420

42 USC 4321-
4347
26 USC 1331-
1334

16 USC 1531-
1543

42 USC 6201-
6202

Authorized the sale or lease of public lands to states, state agencies, other
political subdivisions, or nonprofit organizations for recreational or public
uses (campgrounds, parks, fairgrounds, landfills, historic monuments).
Recognized the need for protection and preservation of lands in their natural
condition. A wilderness was defined as an area, generally >2000 ha, of
underdeveloped Federal land retaining its primeval condition without
permanent improvements, such as roads, or human habitation. These lands
were to be protected and managed to preserve the natural character for future
generations.

Directed that natural resource lands be managed under the principles of
multiple use consistent with the Taylor Grazing Act.

Federal agencies must consider the impact of their actions on the quality of
the environment.

Stated that wild horses and burros were a symbol of the western landscape.
Gave the Secretary of Interior the authority to control the proliferation of
wild horses and burros.

Section 7 required that the U.S. Fish and Wildlife Service must be consulted
by Federal agencies to insure that any action authorized, funded or carried out
by them is not likely to jeopardize the continued existence of listed species or
modify their critical habitat.

Developed the provisions to stabilize the energy supply through the creation
of the Strategic Petroleum Reserve, establish energy conservation programs
and regulatory mechanisms, increase the supply of fossil fuels in the United
States through price incentives and production requirements, reduce the
demand for petroleum products and natural gas by making coal a more
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1978

2000
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Federal Land Policy and
Management Act

Surface Mining and Reclamation
Act
Public Rangelands Improvement
Act

Energy Policy and Conservation
Act (reauthorization)

43 USC 1701-
1782

30 USC 1201-
1202
43 USC 1901-
1908

P.L. 106-469

feasible alternative, assure the reliability of energy data, and conserve water
by improving the water efficiency of certain plumbing products and
appliances.

Public lands must be managed for multiple use and sustained yield and
maintain quality of land. Directed that a portion of grazing fees should be
returned for range improvements. The United States must receive fair market
values for the use of public lands and resources unless otherwise provided for
by statute.

Recognized the need for reclamation of coal and other surface mining areas

Provided for restoration of damaged rangelands, and recognized the need for
a policy of inventory and monitoring. Established a formula for calculating
grazing fees.

Called for an inventory of all onshore Federal lands to identify and estimate
oil and gas reserves and the extent or nature of any restrictions or
impediments to the development of such resources.
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Table 1.3 State and provincial summaries of area (km? and % of sagebrush area) by management authority and stewardship of
sagebrush lands. Specific agencies for which data were presented included the U.S. Bureau of Land Management (BLM), U.S.D.A.
Forest Service (USDA FS), Bureau of Indian Affairs (BIA), U.S. Fish and Wildlife Service (US FWS), and U.S. National Park

Service (US NPS).

Sagebrush Management and Stewardship?

Private BLM USDA FS BIA US FWS US NPS Federal® State
State/Province km? % km? % km? % km? % km* % km* % km? % km? %

Arizona 2,812 19 3,323 22 872 6 4,637 31 0 o 1652 0 267 2 1,578 10
California 2,405 19 55,768 43 3,902 30 6 0 70 1 252 0 556 4 158 1
Colorado 9,126 48 6,809 36 1,684 9 213 1 62 O 116 O 51 0 929 5
Idaho 9,852 17 30,065 53 9,996 18 1,063 2 63 O 23 0 2,139 4 3,330 6
Montana® 13,642 56 5574 23 1,471 6 779 3 480 2 79 0 5 0 2,094 9
Nevada 13,800 13 77654 71 10,261 9 967 1 2,384 2 135 0 3,441 3 21 0
New Mexico 2,087 20 1,956 18 470 4 5573 53 41 0 8 0 3 0 455 4
North Dakota® 2 0 16 0 989 23 316 7 14 0 61 O 42 1 169 4
Oregon 15,363 27 37,138 65 418 1 230 O 999 2 9 0 418 1 2,051 4
South Dakota® 222 46 12 3 22 5 218 46 0 O 0 O 4 1 0 0
Utah 10,825 29 16,721 45 4,402 12 1,179 3 0 o 499 0 376 1 3,351 9
Washington 10,590 53 1,011 5 177 1 2,915 14 770 4 15 0 2,160 11 2,407 12
Wyoming 36,004 38 44952 47 3,633 4 3524 4 127 0 658 0 301 O 6,376 7
United States 126,730 27 230,807 50 38297 8 21610 5 5010 1 3506 O 9814 2 22,918 5
Alberta 2,927 28 7,400 70

British Columbia 5 0 9 1

Saskatchewan 6,272 90 283 4
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Canada 9,204 48 7,692 40

GIS coverages of land ownership and management authority were developed from individual state coverages.

®For the United States, federal includes the U.S. Bureau of Reclamation, U.S. Department of Energy, and U.S. Department of Defense
‘Total area of sagebrush in the eastern portion of the sagebrush biome likely is underestimated because current maps of equivalent
spatial and thematic resolutions were not available.
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CHAPTER 2

Conservation Status of Greater Sage-grouse Populations

Abstract. Greater sage-grouse (Centrocercus urophasianus) conservation efforts began in the mid
1990s in response to perceived declines in numbers, by state wildlife and federal land management
agencies. Conservation actions are planned, coordinated, funded and accomplished by a partnership
of state and federal agencies, landowners, industry, non-governmental organizations and the public.
Six of 11 western states and both Canadian provinces have completed state or provincial strategic
plans to manage greater sage-grouse. The remaining five states are working on strategic plans. All
plans are expected to be completed by July 2005. Conservation planning and conservation actions
have been accomplished by local sage-grouse working groups. These groups are locally based,
sage-grouse and sagebrush ecosystem advocates. Forty-one local working groups are active in the
western United States and > 70 groups are scheduled. Canada is completing greater sage-grouse
conservation efforts through local partnerships. Seven total petitions have been filed with the U.S.
Fish and Wildlife Service to protect greater sage-grouse under provisions of the Endangered Species
Act (1973). The finding, to protect greater sage-grouse in the state of Washington, was warranted but
precluded. The 90-day finding for the petitions to protect greater sage-grouse in Mono Basin, western
subspecies and eastern subspecies of sage-grouse were all negative. The remaining three petitions
requesting protection for greater sage-grouse across their range have a positive 90-day finding.

Introduction

The Western Association of Fish and Wildlife Agencies (WAFWA) initiated formation of
the Western States Sage-grouse Technical Committee in 1954 to develop strategies to monitor and
manage sage-grouse. This committee had its first official meeting in 1959 and eventually evolved
to include Columbian Sharp-tailed grouse. Contemporary sage-grouse conservation efforts began
to focus in 1995 when the Western States Sage and Columbian Sharp-tailed Grouse Technical
Committee determined, through harvest estimates and lek counts, that sage-grouse across the west
were showing a sustained downward trend. The Technical Committee evaluated trends in number
and distribution and recommended that WAFWA begin proactive conservation measures to protect
sage-grouse and sagebrush habitats. In 1996, the Western Association of Fish and Wildlife
Agencies developed a Memorandum of Understanding between their members regarding
sage-grouse conservation. An element of that MOU suggested that each state begin local area
conservation planning groups to address sage-grouse conservation issues at population levels. A
reiteration of this MOU along with a MOU between WAFWA, U.S. Bureau of Land Management,
U.S. Forest Service and U.S. Fish and Wildlife Service was executed in 1999 and 2000 (Appendix
1). This chapter outlines the status of wildlife laws, petitions filed to protect sage-grouse and the
status of conservation planning efforts in the various states and provinces. Many of the reports,
plans and petitions are not peer reviewed, are the output from ad hoc committees, and have not been
widely published or are works in progress.

Greater sage-grouse are classified as resident wildlife by all states and provinces. State and
provincial laws have classified the species as either protected or a game bird dating back to the
1800's or early 1900's. This classification generally allowed the direct human takings of the bird
during sanctioned hunting seasons. Hunting seasons were relatively liberal with high daily limits
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during the late 1800's and generally short with small daily limits during the last quarter century.
Hunting seasons and harvest are addressed in Chapter 9.

