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Abstract. Geographic ranges of Greater Sage-Grouse (Centrocercus urophasianus) and Gunnison Sage-Grouse
(Centrocercus minimus) have contracted across large areas in response to habitat loss and detrimental land uses.
However, quantitative analyses of the environmental factors most closely associated with range contraction have
been lacking, results of which could be highly relevant to conservation planning. Consequently, we analyzed
differences in 22 environmental variables between areas of former range (extirpated range), and areas still
occupied by the two species (occupied range). Fifteen of the 22 variables, representing a broad spectrum of biotic,
abiotic, and anthropogenic conditions, had mean values that were significantly different between extirpated and
occupied ranges. Best discrimination between extirpated and occupied ranges, using discriminant function analysis
(DFA), was provided by 5 of these variables: sagebrush (Artemisia spp.) area; elevation; distance to transmission
lines; distance to cellular towers; and land ownership. A DFA model containing these 5 variables correctly classified
>80% of sage-grouse historical locations to extirpated and occupied ranges. We used this model to estimate the
similarity between areas of occupied range with areas where extirpation has occurred. Areas currently occupied by
sage-grouse, but with high similarity to extirpated range, may not support persistent populations. Model estimates
showed that areas of highest similarity were concentrated in the smallest, disjunct portions of occupied range and
along range peripheries. Large areas in the eastern portion of occupied range also had high similarity with
extirpated range. By contrast, areas of lowest similarity with extirpated range were concentrated in the largest, most
contiguous portions of occupied range that dominate Oregon, Idaho, Nevada, and western Wyoming. Our results
have direct relevance to conservation planning.
The authors concluded identifying which environmental factors are operating in a cause-effect manner in relation to
extirpation and which may simply be correlative, is a challenge not easily addressed except through consideration of
our results in relation to the larger body of sage-grouse literature. Our results confirm prior research documenting
sage-grouse as a species whose persistence depends on adequate areas of sagebrush. This inference extends to other
sagebrush variables--patch size, proximity among patches, and size of core areas—that also were associated with
extirpation. These results illustrate the strong effect of sagebrush abundance and distribution on sage-grouse
persistence; without large areas of contiguous sagebrush, sage-grouse cannot persist. A cause-effect relationship of
anthropogenic variables such as area in agriculture, human density, road density, and distance to highways is
indicated by past research documenting the widespread conversion of sagebrush habitat to these land uses (Braun
1998; Vander Haegen et al.2000; Knick et al. 2010); by the facilitation of exotic plant invasions into sagebrush
habitats adjacent to these land uses (Hann et al. 1997), especially adjacent to roads (Gelbard and Belnap 2003); and
by mortality of sage-grouse along roads and highways (Lyon and Anderson 2003, Aldridge and Boyce 2007). The
strong associations of elevation and land ownership with sage-grouse extirpation represent the widespread
conversion of low-elevation, private lands to non-sagebrush land uses, such as agricultural and urban developments
(Vander Haegen et al. 2000; Knick et al. 2010), as well as the substantial loss of sagebrush from widespread exotic
plant invasions at lower elevations (Hann et al. 1997; Meinke et al. 2008). In that context, elevation and land
ownership are ideal indicators of underlying causes of extirpation. Finally, two variables strongly associated with
sage-grouse extirpation, distance to transmission lines and distance to cellular towers, have unknown relations with
sage-grouse population dynamics at regional extents. New, mechanistic research is needed to understand the
potential relation between these variables and sage-grouse extirpation.

