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sagebrush modifications on sage grouse habitat 
availability at local and regional scales. The 
framework of a Geographic Information System 
(GIs) was used to add ancillary data (e.g., ele- 
vation) that enhanced the Thematic Mapper 
classification process. Additional data then were 
used to test the accuracy of the model. 
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STUDY AREA 
Rich County, 2,740 km2 in size, is located in 

northcentral Utah. Lower elevation areas are 
dominated by big sagebrush (Artemesiu triden- 
tata) communities typical of the Wyoming Ba- 
sin Ecoregion (Omernik 1987). We studied 3 
known sage grouse wintering areas, Dry Hollow, 
Dog Hollow, and Otter Creek. Dry Hollow is 
located approximately 13 km east of Woodruff, 
Utah. It is 3,400 ha in size and bordered by the 
Session Mountains of Wyoming on the east and 
the Crawford mountains on the west and north. 
Elevation ranges from 1,900 to 2,000 m. Veg- 
etation is homogeneous, dominated by large ex- 
panses of Wyoming big sagebrush (A. t. wyo- 
mingensis) interspersed with basin big sagebrush 
(A. t. tridentata) in draws and black sagebrush 
( A .  nova) on gravelly ridges. Rabbitbrush 
(Chrysothmnus spp.) and gray horsebrush 
(Tetradymiu canescens) also are present. Little 
sagebrush modification has occurred within this 
study area. 

Dog Hollow, 4,210 ha in size, is located ap- 
proximately 15 km southeast of Woodruff, Utah; 
elevation ranges from 1,900 to 1,975 m. Vege- 
tation is heterogenous due to current and past 
range conversions that created a landscape mo- 
saic of shrub islands surrounded by modified 
rangelands. Wyoming big sagebrush is the dom- 
inant shrub species, with basin big sagebrush in 
the drainages, black sagebrush on the gravelly 
slopes, and rabbitbrush interspersed among all 
types. 

The Otter Creek study area is 2,658 ha in size 
and is located 5 km northwest of Randolph, 

Utah; elevation ranges from 1,900 to 2,050 m. 
The topography is characterized by flat-topped 
bluffs divided by sharp drainages. Vegetation is 
dominated by Wyoming big sagebrush, with 
black sagebrush occurring on the steep slopes 
and ridge tops. This area generally receives more 
annual moisture than the other study areas, re- 
sulting in a greater proportion of taller Wyo- 
ming big sagebrush. Mountain big sagebrush (A. 
t. vaseyana) and other shrubs (alder leaf moun- 
tain mahogany [Cercocarpus montanus], 
chokecherry [Prunus uirginiana], snowberry 
[Symphoricarpos spp.]) occur on the upper el- 
evations of the study area. A moderate amount 
of sagebrush modification has occurred within 
this study area. 

METHODS 
Habitat Analysis Using LandsatIGIS 

A 1 July 1986 Landsat Thematic Mapper scene 
formed the base layer of the CIS. Thematic 
Mapper images have a spectral resolution of 7 
bands and a spatial resolution of 30 x 30 m (a 
pixel). Light reflectance for each pixel is mea- 
sured in each of the 7 spectral bands and as- 
signed a digital value from zero to 255. Clus- 
tering methods (see below) are used to group 
pixel spectral signatures into similar classes, 
which are subsequently associated with vege- 
tation types. Because of the almost exclusive use 
of shrubs by wintering grouse, a summer scene 
was used to model shrub characteristics (e.g., 
height, density) not discernable on a snow-cov- 
ered winter scene. Earth Resource Data Analysis 
System (ERDAS Inc., Atlanta, Ga.) software was 
used to process and analyze the Landsat data, 
create the Geographic Information System (CIS), 
and to digitize other ancillary data. 

We subset the majority of Rich County (2,548 
kmz or 92%) from the raw Landsat digital data. 
Bands retained for analysis included Band 2, 
visible green (0.52-0.60 pm), Band 3, visible red 
(0.63-0.69 pm), Band 4, reflective infrared (0.76- 
0.90 rm), and Band 5, mid-infrared (1.55-1.75 
pm). Bands 1, 6, and 7 offered the least infor- 
mation for delineating vegetation and were 
eliminated. An unsupervised classification using - 
sequential clustering and minimum distance 
classifying algorithms (Jensen 1986: 177-225) - - 

created a user-specified 20 spectral classes. We 
used near infrared high altitude aerial photog- 
raphy (NHAP, scale 1:60,000), orthophoto quad- 
rangle maps, knowledge of the area, and band 
signature and scatter plots to identify the veg- 
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etation associated with each of the 20 classes. 
Sagebrush was contained within 3 classes. 

We used the 17 non-sagebrush classes to mask 
out non-sagebrush areas on the original The- 
matic Mapper data. Areas containing the 3 sage- 
brush classes were reclassified with an unsuper- 
vised classification (see above) into 20 classes to 
allow maximum partitioning of spectral vari- 
ability among sagebrush areas. Based on spectral 
characteristics, aerial photos, and field analysis, 
7 of the 20 classes were eliminated because they 
contained no sagebrush. The remaining 13 class- 
es were reduced to 9 classes based on mean band 
signature brightness values for each class. 

We digitized roads and section lines for the 
entire county and overlaid them on the GIS file 
containing the 9 classes. The file then was print- 
ed in 16 7.5-minute quadrangle maps for use in 
field verification. To be selected as a field ver- 
ification site, an area had to be a homogenous 
block at least 4 x 4 pixels (120 x 120 m) in size 
(with exceptions occasionally allowed for infre- 
quent classes), be within 0.8 km of a road, fence, 
or other distinguishing ground feature, and be 
on accessible public or private land. 

We identified all possible verification sites on 
each map and used stratified random sampling 
to select ground-truthing sites for each of the 9 
classes. No more than 2 randomly chosen sites 
were allowed/class/map. After location of the 
site, we laid a 20-m plot line using a tape mea- 
sure in each of the cardinal directions. Data 
were collected at the plot center, and at 5-, lo-, 
15-, and 20-m intervals along each directional 
line. We measured nearest-to-point sagebrush 
species (m), nearest-to-point sagebrush height 
(cm), percent shrub canopy, bare ground, and 
total canopy (shrubs, grasses, and forbs). Canopy 
measurements were made using the Dauben- 
mire technique with a 2-mZ quadrant. 

We collected 2 measures of canopy (shrub 
and total) for each class. Shrub canopy mea- 
surements included all shrub species (both sage- 
brush and non-sagebrush) occurring within each 
quadrat. Total canopy cover consisted of all veg- 
etation within each quadrat, including shrubs, 
grasses, and forbs. We labeled final habitat class- 
es according to relative sagebrush height and 
relative shrub canopy (sagebrush height/shrub 
canopy). Sagebrush height was categorized as 
very high, >60 cm; high, 50-59 cm; medium, 
40-49 cm; and low, <39 cm. Shrub canopy was 
categorized as dense, >29%; moderate, 22-28%; 
low, 15-21%; and sparse, < 14%. 

Sage Grouse Biology 

We used systematic sampling (Beck 1977) with 
a 4 x 4 truck or snowmobile to locate wintering 
sage grouse flocks weekly within each study area. 
During the second winter, a bird dog was used 
periodically to locate grouse. We used grouse 
sightings and fresh tracks to indicate habitat use. 
Flock size and sexual majority (>50%) also were 
recorded at each sighting location. Vegetation, 
topographic, and weather measurements were 
taken in a 30- x 30-m plot surrounding the area 
of heaviest grouse use. We plotted each grouse 
location on 7.5-minute orthophoto quadrangle 
maps and marked them with a stake to allow 
subsequent verification of map point accuracy 
during summer. Following verification of the 
map point, each was digitized with a unique 
identification number and buffered into a 90- 
x 90-m square for overlay on the Thematic 
Mapper-based habitat classes. 

We used log-linear analysis (Feinberg 1985, 
Heisey 1985) to develop statistical models best 
describing sage grouse habitat use. We analyzed 
study site, year, and habitat class. Conditional 
tests (Agresti 1984:57-58) were used to deter- 
mine the best-fit model. We weighted model 
cells representing sage grouse habitat use by the 
relative abundance of each habitat class prior 
to analysis. Weighting standardized the expect- 
ed value in each cell to its estimated frequency 
in the environment. For example, habitat classes 
comprising 10% and 90% of the habitat base 
should not have identical (i.e., 0.5) expected use 
probabilities. Instead, use data should be stan- 
dardized to the relative probability of use of 
each habitat class (here, 0.1 and 0.9, respec- 
tively). 

We calculated standardized lambda estimates 
for each cell in the model. Lambda estimates 
represent the difference between expected and 
observed values (i.e., cell residuals), and when 
divided by their respective SE's, represent a 
measure of preference for a particular habitat 
class. These estimates are approximately nor- 
mally distributed and can be tested against the 
hypothesis that selectivity, as estimated by 
lambda, equals zero. We considered significant 
positive lambda estimates to indicate "prefer- 
ence" for a particular habitat class, significant 
negative estimates to indicate "avoidance," and 
nonsignificant estimates to indicate use in re- 
lation to availability. Comparisons of lambda 
estimates and construction of confidence inter- 
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Table 1. Sagebrush class descriptions from Rich County. Utah. 1989-90. 

- - - 

Shrub Sagebrush Canopy Bare 
Shrub class* canopy (95) height (cm) coverage (5%) ground (95) Sagebrush speciesb (%) 

Heieht-% canoov n a SE n a SE n f SE n a SE A.t.w.A.t.v. A.t .1.A.n.  

Very high-dense 17 31.1 1.2 17 64.6 2.6 11 68.3 3.7 11 18.0 3.1 87 1 10 2 
High-dense 17 29.6 0.9 17 56.0 1.4 11 62.4 2.8 11 22.1 2.6 98 2 0 0 
Medium-moderate 14 24.1 1.3 14 40.3 1.7 8 50.0 1.3 8 39.6 1.9 86 0 14 0 
Medium-low 18 20.4 1.4 18 42.1 1.4 12 52.6 2.1 12 29.0 1.9 95 0 0 5 
Medium-sparse 14 11.5 2.1 14 47.8 3.6 10 50.9 3.6 10 29.5 3.4 99 0 0 1 
Low-sparse-Wyoming 26 9.6 1.4 26 32.4 1.3 19 45.9 2.5 19 43.2 2.7 93 2 4 1 
Low-sparse-black 14 12.0 2.4 14 22.0 2.8 12 43.5 1.3 12 47.6 1.6 43 0 0 57 

- p- - 

a Each class corresponds directly to specific spectral signatures from a 1 July 1986 Landsat Thematic Mapper data scene. 
hA.l.w. = Artemesio trfdentata Wyoming&; A.t.0. = A .  1. vaseyann; A.l.1. = A .  t ,  t&&ta; A. n. = A .  nom. 

vals followed Manley (1974) and Heisey (1985). 
The level of significance for all tests was 0.05. 
We performed all analyses on BMDP statistical 
software (Brown 1990, Engelman 1990). 

Model Validation 
We used 2 independent sets of data collected 

over winters of varying severity to test the mod- 
el. One set consisted of 116 sagebrush grouse 
locations collected in the southern portion of the 
county during winter 1984-85, 1987-88, 1988- 
89, and 1989-90 (R. E. Danvir, Deseret Land 
& Livestock, pers. commun.). These data were 
collected from a 248-kmz area that generally 
receives less moisture than other low elevation 
portions of the county. Much of this area has 
received some form of past range modification 
and now consists of a heterogenous landscape 
of short, sparse shrub communities. This area 
only has 2% of its shrub composition in the 2 
most dense classes. The second set contained 18 
locations from the northern portion of the coun- 
ty collected during winter 1989-90. These data 
were collected in a 77-km2 area that receives 
more annual moisture, and has generally re- 
ceived less range modification, than the south- 
ern area. The 2 most dense shrub classes make 
up 22% of this area. Again, a 90- x 90-m win- 
dow was used to assign a shrub class to each 
grouse location. 

Classes in the preferred shrub category in- 
cluded high-dense, medium-moderate, and 
medium-low. Shrub classes in the no selection 
category were very high-dense and low-sparse- 
Wyoming, and the avoided classes included me- 
dium-sparse, low-sparse-black, and no shrub. We 
obtained adjusted standardized deviates by 
transforming the residuals of the Chi-square tests 
of the 3 categories of the model. 

RESULTS 
Shrub Classification from Thematic 
Mapper Data 

Five (4%) of 125 sample plots were considered 
misclassifications because they contained no 
sagebrush and were excluded from further anal- 
ysis. Four of the 9 classes had low canopy cover 
(5-15%) and low height (20-36 cm). Because of 
similarity in spectral signatures and vegetation 
characteristics, the 4 classes were merged into 
2, with sagebrush species composition deter- 
mining a class dominated by Wyoming big sage- 
brush and one by black sagebrush. The final 
classification consisted of 7 classes representing 
sagebrush and 1 representing no shrubs. 

The 7 shrub classes covered a broad spectrum 
of shrub canopy cover (9.6-31.1%) and height 
(22.0-64.6 cm) (Table 1). Wyoming big sage- 
brush was the dominant sagebrush species in all 
classes except for a low-sparse class dominated 
by black sagebrush. Each vegetation class cor- 
responded directly to specific spectral signatures 
from the Thematic Mapper scene. 

Grouse Habitat Associations 
We analyzed a total of 168 grouse locations. 

The fully saturated log-linear model included 
all 3 study sites, 2 years, and 7 shrub and 1 no- 
shrub categories (3 x 2 x 8 table). Thirteen of 
17 possible models fit the data (P > 0.125 all 
13 models), with 16 of these including some 
form of year, location, and shrub type inter- 
action (Table 2). The best-fit model contained 
only shrubs (C2 = 49.05, 40 df, P = 0.154). 

Grouse exhibited preference for the medium- 
low class (P < 0.001) and the medium-moderate 
and high-dense classes (P < 0.05) (Table 3). The 
medium-sparse, low-sparse-black, and no-shrub 



82 MODELLING SAGE GROUSE HABITAT Homer et al. J. Wildl. Manage. 57(1):1993 

Table 2. Statistical models  that bes t  described habitat selection by sage grouse in Rich County, Utah, 1989-90. 

Shrub 49.05 40 0.154 
Year, shrub 47.10 39 0.175 
Shrub, location 45.97 38 0.175 
Location, year, shrub 43.96 37 0.200 
Location x shrub 25.11 24 0.399 
Year x shrub 40.88 32 0.135 
Location, year x shrub 37.76 30 0.156 
Year, location x shrub 22.78 23 0.473 
Shrub, location x year 43.18 35 0.161 
Location x year, location x shrub 21.81 2 1 0.410 
Location x shrub, year x shrub 16.44 16 0.422 
Year x shrub, location x year 36.69 28 0.125 
Location x year, location x shrub, year, shrub 15.13 14 0.369 

a Models presented in order of increasing complexity. 

classes were avoided by grouse, with the stron- 
gest avoidance demonstrated in the medium- 
sparse category (P < 0.01). The other 2 classes 
(very high-dense and low-sparse-Wyoming) 
were used in proportion to their availability. 

Model Validation 
Examination of the adjusted standardized de- 

viates of the 3 categories of the model (pre- 
ferred, no selection, and avoided) indicated se- 
lection for the preferred categories of the model 
(Z = 5.2 northern area, Z = 8.2 southern area; 
P < 0.001 both areas), and selection against the 
avoided categories (Z = -6.3 northern area, Z 
= -9.4 southern area; P < 0.001 both areas). 
Grouse in the northern area demonstrated no 
selection for the no preference class (class used 
in proportion to its occurrence); however, grouse 
in the southern area selected for the no pref- 
erence class of the model (Z = 2.0; P < 0.05). 
Overall, 5 of the 6 shrub classes were used as 
predicted, and model fit was excellent (binomial 
test, P = 0.984). 

DISCUSSION 

One goal of using remote sensing to manage 
wildlife is to accurately assess or model large 
areas of habitat. By incorporating remote sens- 
ing information into a GIs, we developed a sage 
grouse winter habitat model having application 
to all unsampled areas of Rich County. Grouse 
displayed preference for 3 of the 7 shrub classes 
delineated through remote sensing, including 
high-dense, medium-moderate, and medium- 
low classes, with the highest preference dis- 
played for the medium-low class. These 3 classes 
contain high proportions of Wyoming big sage- 
brush, which Remington and Braun (1985) re- 
ported to be the preferred sagebrush subspecies 
used by sage grouse in Colorado. Because these 
3 classes provide both adequate cover and high 
proportions of Wyoming big sagebrush, they are 
likely important factors explaining the prefer- 
ence for these classes by grouse. 

Preference for high shrub canopy by winter- 
ing sage grouse does not necessarily suggest that 

Table 3. Shrub class selection by  sage grouse. Rich County, Utah, in winter 1989-90. 

Shrub class 
Height-% canopy n 96 total habitat LambdaP SE 

Very high-dense 
High-dense 
Medium-moderate 
Medium-low 
Medium-sparse 
Low-sparse-Wyoming 
Low-sparse-black 
No shrub 

- -- - 

'Significant (*P < 0.05; " P < 0.01; *" P < 0.001) positive or negative lambda estimates indicate preference or avoidance, respectively, for a 
particular shrub clm; nonsignificant estimates indicate use in relation to availability. 






