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Abstract

Natural and anthropogenic processes are causing exten-
sive and rapid ecological, social, and economic changes
in arid and semiarid ecosystems worldwide. Nowhere are
these changes more evident than in the Great Basin of the
western United States, a region of 400,000 km? that largely
is managed by federal agencies. Major drivers of ecosys-
tems and human demographics of the Great Basin include
human population growth, grazing by domestic livestock,
extraction of minerals, development and production of
energy, changes in fire and other disturbance regimes, and
invasion of non-native annual plants. Exploration of alter-
native futures may increase the ability of management and
policy to maximize the system’s resistance and resilience

to changes in climate, disturbance regimes, and anthro-
pogenic perturbations. This special section examines the
issues facing the Great Basin and then provides examples
of approaches to predicting changes in land cover and
avifaunal distributions under different management sce-
narios. Future sustainability of the Great Basin’s natural
and human systems requires strong, collaborative part-
nerships among research and management organizations
that are capable of obtaining public support and financial
resources and developing effective policies and institutional
mechanisms.
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Natural and anthropogenic processes are causing extensive and
rapid ecological, social, and economic changes in arid and
semiarid ecosystems worldwide. Nowhere are these changes
more evident than in the Great Basin of the western United
States. This expansive region, 72% of which is under fed-
eral management, encompasses approximately 400,000 km?
within Nevada, Utah, Idaho, Oregon, and California. Native
land cover types include salt desert (Atriplex spp.), sage-
brush (Artemisia spp.), and pinyon (Pinus monophylla) and
juniper (Juniperus osteosperma, J. occidentalis) woodlands.
Anthropogenic causes of change are both direct and indirect.
The region’s human population, sparse until the last several
decades, now is growing at one of the highest rates in the
United States. Between 1990 and 2000, human populations in
Nevada and Utah increased by 66 and 30%, respectively (U.S.
Census Bureau 2007). Past and ongoing land uses like grazing
by domestic livestock, extraction of minerals, and development
and production of energy further influence the ecosystems and
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human demographics of the Great Basin (Wisdom et al. 2005).
Fire regimes have been altered and the frequency, severity,
and spatial extent of fires are increasing dramatically (Keane
et al. 2002). For example, a single wildfire in 2007 burned
more than 2,600 km? in Nevada and Idaho. Rapid invasion of
non-native annual grasses like cheatgrass (Bromus tectorum)
in many parts of the region has resulted in an annual grass—fire
cycle and conversion of native shrublands and woodlands to
homogenous annual grasslands with little ecological or eco-
nomic value (Whisenant 1990; Brooks & Pyke 2001). Cli-
mate change already is affecting water availability, disturbance
regimes, and species distributions across the region (Stewart
et al. 2004; Deacon et al. 2007).

Ecological, social, and economic shifts across the Great
Basin present substantial management challenges, especially
given the region’s aridity and concentration of endemic and
threatened species. Exploration of alternative futures may
increase the ability of management and policy to maximize
the system’s resistance and resilience to changes in climate,
disturbance regimes, and anthropogenic perturbations. In this
special section, we first examine the issues facing the Great
Basin (Chambers & Wisdom 2009) and then provide examples
of approaches to predicting changes in land cover (Bradley
& Wilcove 2009) and faunal distributions (Dickson et al.
2009; Fleishman & Dobkin 2009) under different management
scenarios. Application of remote sensing, geospatial analyses,
and advanced spatial modeling can provide guidance on
where restoration efforts are most likely to be effective,
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and which interventions may be most efficient in different
situations (Wisdom & Chambers 2009). The issues and tools
we highlight are germane not only to the Great Basin but
also to management of arid and semiarid regions elsewhere in
North America and worldwide.

The special section opens with an overview of priority
research and management issues for the Great Basin (Cham-
bers & Wisdom 2009). Cumulative effects of changes in the
configuration, species composition, and connectivity of sage-
brush ecosystems are resulting in vegetation type conversions,
decreases in watershed functioning, losses of native species,
and diminished economic potential. Minimizing undesirable
effects on natural and human systems requires both societal
consensus on priority issues and innovative research and man-
agement approaches that cross administrative boundaries and
address large spatial scales and long-time periods. Integration
of large-scale monitoring, scientific experimentation, and rig-
orous predictive modeling is essential to elucidate the rates
and magnitude of change, locations affected, and potential
ecological, social, and economic consequences. Future sus-
tainability of the Great Basin’s natural and human systems
requires strong, collaborative partnerships among research and
management organizations that are capable of obtaining pub-
lic support and financial resources and developing effective
policies and institutional mechanisms.

Climate change likely will reduce the local probability of
persistence of many native species. Climate change also may
both decrease habitat quality for some non-native invasive
species and increase the probability of invasion by different
non-native species. Thus, traditional restoration—efforts to
reintroduce native species that have been extirpated—may
have limited utility. An alternative is to explore transformative
restoration—restoration with novel plant genotypes or species
that could become locally viable as climate changes. Bradley
and Wilcove (2009) used bioclimatic envelope modeling to
identify locations across the Great Basin that are unlikely to
support cheatgrass by 2100. They then selected one site from
this set and assessed how its local climate is projected to
change. As Bradley and Wilcove (2009) explain, candidate
species for introduction or reintroduction can be evaluated
on the basis of ensemble envelope models, experimental
treatments, and models of local topography and soils.

The probability that many birds and other sagebrush-
associated vertebrates will be listed as threatened or endan-
gered under federal and state laws is increasing across the
Great Basin (Rowland et al. 2005). Two papers in the spe-
cial section suggest that regardless of vegetational association,
conservation of breeding birds is more likely to succeed if both
the native canopy and understory are maintained or restored.
Fleishman and Dobkin (2009) examined current and potential
future elevational distributions of eight species of passerine
birds associated with pinyon and juniper woodlands. Although
woodlands are expanding in distribution at intermediate to
upper elevations that historically were dominated by native
shrubs, breeding habitat for species dependent on mature trees
may not be available in these expansion woodlands for several
decades. Further, increased tree densities may have negative

effects on bird species that depend on native shrubs displaced
by these woodlands.

Dickson et al. (2009) examined the association between
occupancy, colonization, and local extinction of three obligate
riparian species of songbirds and environmental and multiple
habitat variables. Different components of riparian vegetation
were good predictors of occupancy, colonization, and local
extinction. Responses to biotic and abiotic variables within
guilds of birds are sufficiently diverse, and responses of indi-
vidual species sufficiently heterogeneous, that one manage-
ment strategy is unlikely to meet the needs of all species in
the group. Nevertheless, maintenance of a complex vegetation
structure, again including native understory shrubs, may help
maintain viable populations of multiple species.

Landscape management based on the concepts of resistance
and resilience may increase persistence of native shrublands
in arid and semiarid regions like the Great Basin. Wisdom and
Chambers (2009) demonstrated a five-step application of these
concepts to maintain habitat for Greater Sage-grouse (Centro-
cercus urophasianus) or other shrubland-associated species.
Within a given spatial area, the probability of woodland expan-
sion or invasion by cheatgrass is affected by the percentage of
area dominated by sagebrush and by elevation and associated
gradients in degree days and water availability. Knowledge of
these effects allows for the development of active and passive
management prescriptions that are spatially and temporally
extensive but implemented at fine resolution. The landscape
approaches for shrubland management outlined by Wisdom
and Chambers (2009) should be applicable to other arid and
semiarid ecosystems in which human land uses are causing
undesired changes in vegetation composition and structure.

Maintenance and restoration of the Great Basin’s native
species and ecosystems is daunting. Current trends suggest
that extensive losses of native plant and animal communities
will continue unless new, holistic landscape strategies are
effectively designed and implemented. Lack of ecological
knowledge and severely limited financial and human resources
are major obstacles to such management changes. By focusing
on alternative futures with new knowledge, technologies, and
approaches, we hope to increase the ability of management
and policy to maximize the system’s potential to adapt to
environmental change.
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