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Abstract

This study evaluated multiple aspects of spring/summer sage
grouse (Centrocercus urophasianus) habitat in Strawberry
Valley, Utah by measuring vegetation associated with nest, brood
and adult use sites. In addition, 3 types of random habitats were
measured including available habitat within core use areas, ran-
dom sagebrush (Artemisia spp.) /grass habitat outside core use
areas, and random sagebrush/grass habitat sites that had been
converted to an understory of smooth brome (Bromus inermis
Leyss) by past range management practices. Logistic regression
was used to identify those habitat variables that discriminated
between site types. Variables that discriminated adult habitat
from brood rearing habitat included: 1) sagebrush height (P S
0.01) and 2) forb diversity (P = 0.12) with sagebrush height being
greater at adult sites and forb diversity greater at brood sites
Variables that significantly discriminated occupied adult habitat
from random habitat outside of core use areas included: 1) per-
cent grass cover (P <_ 0.01) and 2) area of sagebrush canopy (P =
0.03) with both variables having grater values in adult habitat.
Variables that significantly discriminated occupied adult habitat
from random habitat with a smooth brome understory included:
1) percent forb cover (P <_ 0.01), 2) shrub canopy cover (P =
0.02), and 3) area of sagebrush canopy (P = 0.08) with all vari-
ables being greater in adult habitat. In addition, this study identi-
fied sagebrush age, sagebrush canopy area, and forb diversity as
potentially important aspects of sage grouse habitat that have not
been previously reported.

Key Words: Centrocercus urophasianus, logistic regression, sage-
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Sage grouse (Centrocercus urophasianus) habitat requirements
have been studied in many different areas of their range and
revised management guidelines have recently been published
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Resumen

Este estudio evaluó múltiples aspectos del hábitat
primavera /verano del "Sage grouse" (Centrocercus
urophasianus) en Strawberry Valley, Utah mediante la medición
de la vegetación asociada con los nidos y el uso de sitios por los
adultos y la camada. Además, se midieron 3 tipos de hábitats
aleatorios, incluyendo el hábitat disponible dentro del área
núcleo de uso, el hábitat aleatorio de "Sagebrush" (Artemisia
spp.) /zacates fuera del área núcleo de uso y sitios del hábitat
aleatorio de "Sagebrush" /zacates que habían sido convertidos a

una cubierta vegetal herbácea de "Smooth brome" ( Bromus
inermis Leyss) por la prácticas de manejo del pastizal pasadas.
Se uso regresión logística para identificar aquellas variables del
hábitat que discriminaran entre tipos de sitios. Las variables que
discriminaron el hábitat de adultos del hábitat para las crías
incluyeron: 1) la altura del "Sagebrush" (P <_ 0.01) y 2) la diver-
sidad de hierbas (P = 0.12) siendo la altura del "Sagebrush "mas
importante en los sitios para adultos y la diversidad de hierbas
en los sitios para la camada. Las variables que discriminaron sig-
nificativamente los hábitats ocupados por adultos de los hábitats
aleatorios fuera del área núcleo de uso incluyeron: 1) porcentaje
de cobertura de zacates (P <_ 0.01) y 2) área de la copa del
"Sagebrush" (P = 0.03) teniendo ambas variables valores may-
ores en los habitats para adultos. Las variables que discrimi-
naron significativamente los hábitats ocupados de los hábitats
aleatorios con una cobertura herbácea de "Smooth
brome "incluyeron: 1) porcentaje de cobertura de hierbas ( P _<
0.01), 2) cobertura de copa de arbustos (P = 0.02) y 3) área de
copa del "Sagebrush "(P = 0.08) siendo todas la variables may-
ores en los habitats de adultos. Además, este estudio identifico la
edad del "Sagebrush ", el área de su copa y la diversidad de hier-
bas como aspectos potencialmente importantes dei habitat del
"Sage grouse "que no habían sido reportadas previamente.

(Connelly et al. 2000). From this collection of research, much has
been learned about the vegetative habitat requirements for sage
grouse at various life stages. Great attention has been given to
sage grouse nesting habitat (Klebenow 1969, Peterson 1980,
Wakkinen 1990, Gregg 1991, Connelly et al. 1991, Wakkinen et
al. 1992, Fischer et al. 1993, Webb 1993, Gregg et al. 1994,
Musil et al. 1994, Nelle 1998, Sveum et al. 1998 ), and brood
rearing habitat (Gray 1967, Wallestad 1971, Klott and Lindzey
1990, Drut et al. 1994, Fischer et al. 1996, Nelle 1998, Sveum et
al. 1998). Less attention has been given to adult spring/summer
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habitat requirements (Martin 1970,
Wallestad and Schladweiller 1974, Braun
et al. 1977, Schoenberg 1982, Hulet 1983,
Martin 1990, Musil et al. 1994, Apa
1998). Few if any articles in professional
journals have simultaneously evaluated
vegetative spring /summer habitat require-
ments for an entire population. In addition,
some important sagebrush characteristics
have been neglected in relation to sage
grouse habitat. For example, sagebrush
stands have not been aged and only 1
study (Connelly et al. 1991) has measured
the area within the canopy of sagebrush.
Also, only 1 study (Dunn and Braun 1986)
used multivariate statistical techniques to
simultaneously analyze data. Although
univariate statistics will detect differences
that exist between site types (use sites and
random sites for example) multivariate
methods are needed to identify the vari-
ables that discriminate between site types
and the relative importance of attributes at
sites.

This study was needed to understand the
90 to 95% decline in the sage grouse pop-
ulation that has taken place over the past
60 years in the Strawberry Valley (based
on a current population estimate of 150
sage grouse compared to a 1939 estimate
of 3,000 -4,000 (Griner 1939). Our objec-
tives in this study were: 1) evaluate occu-
pied sage grouse habitat in relationship to
the recommended habitat guidelines, 2)
identify those habitat variables that were
selected for or against by sage grouse, and
3) evaluate habitat unoccupied by sage
grouse and identify limiting factors that
might be precluding use of these areas.
We were particularly interested in evaluat-
ing the vegetative composition on sites
where past range management practices
resulted in native forbs and bunch grasses
being replaced with an aggressive sod -
forming grass such as smooth brome
(Bromus inermis Leyss), even though
mountain big sagebrush (Artemisia triden-
tata vaseyna Rydb.) had regrown on these
sites. This particular research question
may be relevant to many places other than
Strawberry Valley, Utah. We believe this
comprehensive approach was useful in
identifying critical habitat characteristics
as well as vegetation characteristics that
may limit a sage grouse population.

Materials and Methods

This study was centered in the
Strawberry Valley of north- central Utah
(Latitude 40° 08' 38" Longitude 111° 06'
42 ") during 1998 and 1999. The area is a

high mountain valley (2,250 -2,450 m) and
receives approximately 58 cm of annual
precipitation. Strawberry Reservoir is the
dominant feature of the valley covering up
to 6,950 surface ha. Within the valley there
are approximately 8,950 ha. of
sagebrush /grass habitat which primarily
border the reservoir. Mountain big sage-
brush dominates the area with silver sage
(Artemisia cana Pursh) occurring within
wet meadows and riparian corridors.
Historically sage grouse occupied most of
the available sagebrush/grass habitat, but
currently only occupy approximately
3,500 ha of the available habitat.
Approximately 700 ha of the remaining
unoccupied habitat has been converted to
an understory of smooth brome. Livestock
grazing was removed from the majority of
the sagebrush /grass habitat surrounding
the reservoir in 1989 (URMCC and USFS
1997) and none of the presently occupied
habitat is grazed by livestock.

Sage grouse trapping was conducted
during March, April, and May of 1998 and
1999 using the spotlighting method
(Giesen et al. 1982). Necklace style radio
telemetry transmitters (Marcstrom et al.
1989) were attached to captured sage
grouse (males and females).

Seasonal habitat use was measured at
sites occupied by radio collared birds.
Once locations were identified they were
classified as nest, brood, or adult habitat
sites. In addition to radio telemetry, a
trained German short- haired pointer was
used to locate broods with uncollared
hens. The following habitat measurements
were taken at each site: slope, aspect,
G.P.S. location, percent shrub canopy
cover, percent herbaceous cover (by
species), sagebrush and total shrub densi-
ty, shrub decadence, horizontal obscurity
cover, and vertical obscurity cover.

Percent sagebrush and total shrub
canopy cover were measured using the
line intercept method (Bonham 1989)
along two, 50 m transects intersecting at
the flush site. Sagebrush and total shrub
densities were measured by two T2 analy-
ses at each habitat point (Ludwig and
Reynolds 1988). Each of the 4 shrubs in
the two T2 analyses was measured for
height and area within the canopy (calcu-
lated as the area of an ellipse). Percent
decadence (defoliated or dying branches)
was also estimated for each shrub. Percent
occurrence of shrub species was calculated
from the number of times each species
occurred in the T2 analyses.

Herbaceous understory was quantified
by estimating the percent cover of each
species that occurred within a 1/4 m2 plot

at the nest, brood or adult site (micro -habi-
tat) and 25 m from the site in 4 directions
(macro- habitat). Forb and grass diversity
was calculated as the mean number of
species occurring within understory plots.

Horizontal obscurity cover was mea-
sured using a 1 m2 cover board stratified
into thirds (0 -33.3 cm, 33.3 cm -66.6 cm
and 66.6 cm -100 cm) along the vertical
axis with each stratification separated into
12 equal squares. Horizontal obscurity
cover measurements were taken at 25 -35
cm above the ground at distances of 2.5, 5,
and 10 meters from the cover board in 4
directions. Vertical obscurity cover was
measured using an 18 cm x 18 cm cover
board, separated into 36 equal squares.
This board was placed directly over the
use site and the number of obscured
squares was recorded when viewed from
directly above.

In addition to identified use sites the fol-
lowing 3 types of random sagebrush habi-
tats were also measured in the same man-
ner: 1) random sites within occupied habi-
tat (occupied habitat), 2) random habitat
outside of the currently occupied habitat
(available habitat), and 3) random habitat
within the available habitat that had been
converted to an understory of smooth
brome by past range management prac-
tices (brome habitat). Brome habitat was
separated from available habitat sites
because the understory composition in
these areas was obviously different.
Available habitat was separated from
occupied habitat because of a lack of use
by radio collared or other sage grouse.

Occupied habitat sites were located by
taking a random compass bearing from a
use site and going 100 m in that direction.
To assure independence of random sites a
second random bearing and a random dis-
tance (up to 100 m) were then used to
arrive at the random habitat location.
Occupied habitat sites were not further
categorized as specific types of habitat
because the randomization method assured
their independence from a specific use
site. Brome habitat sites and available
habitat sites were also located by taking
random compass bearings and random dis-
tances (as described above) from random
point along a road in available and brome
habitats.

During 1999 sagebrush ages were esti-
mated at adult, random occupied, brome,
and available habitat sites by cutting the
sagebrush plant nearest to the data point
(sagebrush was also aged for nest and
brood sites, but sample sizes were small).
Sagebrush cuttings were then sanded and
the growth rings counted from the center
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Table 1. Classification table of logistic regression models.

Sites Compared* Discriminating Variables Correct
Event Non -event

Incorrect
Event Non -event

Correct Sensitivity Specificity

( %) ( %) ( %)

Adult vs. Random Sagebrush height, and 35 44 20 23 64.8 60.3 68.8

Sagebrush % decadence

Adult vs. Brome % Forb cover, Shrub canopy cover,
and Area of sagebrush canopy

16 53 11 14 73.4 53.3 82.8

Adult vs Available % Grass cover, and Sagebrush
canopy cover

8 59 5 22 71.3 26.7 92.2

Adult vs Brood Sagebrush height, and Forb diversity 17 32 8 13 70.0 56.7 80.0

Brood vs Random Forb diversity, and % Forb cover 56 10 20 3 74.2 94.9 33.3

*The first site type listed is the "event" and the second is the "non- event ".

to the cork cambium with the aid of a
microscope (Ferguson 1964). A minimum
of 2 counts were made of each cutting by
separate individuals. This process was
repeated until agreement of the counts was
reached.

Statistical analyses was done using
Minitab® statistical software (release 13)
and SAS® version 8. Comparisons of vari-
ables between site types were performed
with a one -way ANOVA on each variable.
Tukey's family significance levels (Tukey's
P) were used within each ANOVA to make
pairwise comparison between site types in
order to avoid type I error rate inflation.
Non - parametric statistical procedures were
used to analyze differences between indi-
vidual species in the understory between
site types because these data did not meet
the assumptions for ANOVA (data were not
normally distributed and standard deviations
were not equal).

A Kruskal- Wallis analysis was used in
place of the ANOVA test and a Mann
Whitney test was used to make pairwise
comparisons. Occurrence of shrub species
was statistically analyzed for differences
between site types with a chi square test of
homogeneity of proportions. Univariate
statistical methods were first used to iden-
tify differences that existed between the 3
types of use sites and between use sites
and random sites.

Logistic regression (Hosmer and
Lemeshow 2000) was used to identify

those variables that best discriminated
between use and random habitat site types
through stepwise elimination of the least
significant variable. Percent concordance
is reported with logistic regression analy-
ses as a measure of the models ability to
discriminate between the 2 dependent
variables being tested. Percent concor-
dance is the percentage of pairwise com-
parisons in which the event (use site) had
a higher predicted probability according to
the model. In addition Table 1 contains the
classification criteria for all logistic
regression models. All variables used in
logistic regression models were checked
for pairwise correlation to avoid problems
associated with multicollinearity.

Results

Mean sagebrush age at adult sites and
random occupied sites was significantly
greater than at available habitat sites
(Tukey's P = 0.04 and <_ 0.01) respective-
ly. Sagebrush age for brome habitat sites
was not significantly different from any
other sites (Table 2).

Mean sagebrush canopy area was signif-
icantly greater at nest and adult sites than
at all other sites (Tukey's P <_ 0.01). Also,
the canopy area of all shrubs species was
significantly higher for adult and nest sites
when compared to all other sites (Tukey's
P S 0.01) (Table 2).

Sagebrush plants were significantly
taller at adult, nest and brome habitat sites
than at all other sites (Tukey's P <_ 0.01).

Also, all non - sagebrush shrubs were sig-
nificantly taller at adult, nest and brome
habitat sites than at all other sites (Tukey's
P <_ 0.01) (Table 2).

Mean percent decadence of sagebrush
was significantly higher at adult, brome,
and available habitat sites than at brood
and occupied random habitat sites
( Tukey's P <_ 0.01). Also, percent deca-
dence for non sagebrush shrub species
was significantly higher at adult sites than
at random occupied habitat sites (Tukey's
P <_ 0.01) (Table 2).

Composition of shrub species appearing
in the T2 analysis at adult sites was signifi-
cantly different than at nest sites (1).
0.01), brood sites ( P = 0.021), and avail-
able habitat sites (P = 0.03). Composition
of shrubs at nest sites was significantly
different from brood sites (P 0.01), ran-

dom occupied habitat sites (P < 0.001).
brome sites (P = 0.005), and available
habitat sites (P <_ 0.01). Shrub species
occurrence at brood sites was significantly
different from random occupied habitat
sites (P <_ 0.01). In addition, the shrub
composition at random occupied habitat
sites was significantly different than at
brome habitat sites (P <_ 0.01) (Fig. 1).

No significant differences were found in
sagebrush or total shrub densities.

Table 2. Mean Mountain Big Sagebrush and other shrub characteristics measured in association with sage grouse habitats in Strawberry Valley.

Habitat Type Sagebrush
Age

Adult (n = 64)
Nest (n = 10)
Brood (n = 30)
Random Occupied (n = 55)
Brome (n = 30)
Available (n = 30)

(yrs.)
20.5a

22.8a
20.2a b
16.6b

Sagebrush
Canopy Area

Shrub Canopy Sagebrush
Area Height

All Shrub
Height

Sagebrush
Decadence

All Shrub
Decadence

(m2) (m2) (cm) (cm) (%) (%)
1.3a 1.2a 54.1a 51.1a 30.0a 25.0a
1.5a 1.4a 54.3a 50.7a 21.5a b 20.9a b
0.8b 0.8b 37.6b 37.1b 16.1b 19.0a b
0.9b 0.7b 42.7b 37.9b 16.8b 16.6b
0.8b 0.7b 49.9a 48.7a 26.8a 23.3a b
0.9b 0.7b 40.3b 39.0b 26.2a 23.1a b

Within each column, means with different letters are significantly different using Tukey's pairwise comparison (P <_ 0.05)
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Fig. 1. Percent occurence of shrub species measured in association with sage grouse habitats
in Strawberry Valley.

Sagebrush canopy area of the closest
shrub (i = 1.5 m2) at adult sites was sig-
nificantly greater than the second shrub (x
=1.3 m2) in the T2 analyses (P = 0.03). No
other differences were found in the 4
shrubs measured at each adult site. No dif-
ferences were found among the 4 shrubs
measured at other use sites.
No statistical differences were found for

sagebrush canopy cover between any site
types. Total shrub canopy cover at brome
sites was significantly less ( Tukey's <_ 0
.01) from the total shrub canopy at all
other sites except nest sites which had a
high standard deviation (19.2 %) possibly
resulting from a small sample size (n =
10) (Table 3).

tat sites (P <_ 0.01). Smooth brome was
not found in the understory at nest sites or
random occupied sites (Table 4).

Total percent cover of the 14 most com-
mon forb species in understory plots was
significantly lower at brome sites than at
all other sites except nest sites (Tukey's P
<_ 0.01) and was significantly lower in
available habitat than at brood sites and in
occupied random habitat (Tukey's P 5
0.01) (Table 5). Total forb cover was not
significantly different between any other
sites. Many significant differences were
found between site types in the percent
cover of the 14 most common forb species
(Table 5). Forb species diversity (species/
1/4 m2) was significantly lower in brome

Table 3. Mean percent canopy cover of mountain big sagebrush and all shrubs measured in associ-
ation with sage grouse habitats in Strawberry Valley.

Site Type Nest Brood Adult Random Brome Available
Occupied Habitat Habitat

(n = 10) (n = 30) (n = 64) (n = 55) (n = 30) (n = 30)

( %)

Sagebrush Canopy Cover 24.8 22.9 24.7 23.2 18.5 20.2

Total Shrub Canopy Cover 36.3 33.4 33.9 35.1 23.3* 28.5

*Statistically different from all other site types except nests sites (alpha = 0.05)

Total percent cover for grass in under
story plots was significantly higher at
brome sites than at all other site types
(Tukey's P <_ 0.01). Brome sites were the
only areas with Timothy grass (Phleum
spp.) in the understory. Percent cover of
smooth brome was significantly higher at
brome sites than at brood sites (P <_ 0.01),
adult sites (P <_ 0.01), and available habi-

habitat (0 = 1.9) than at brood sites (i =
3.0) (P <_ 0.01), and adult sites (0 = 2.7)
(P <_ 0.01). Forb species diversity was also
significantly lower in available habitat ()T
= 2.0) than at brood (P <_ 0.01) and adult
sites (P <_ 0.01). Forb diversity at nest
sites (x = 2.2) and random occupied habi-
tat sites ()T = 2.4) was significantly lower
than at brood sites (P S 0.01, and P <-

0.01) respectively, but did not differ sig-
nificantly from adult sites (Fig. 2).

Mean horizontal obscurity cover tended
to be highest at brome habitat sites and low-
est at brood sites. These tendencies became
more obvious at 67 -100 cm above ground
level, regardless of distance (Table 6).

Mean vertical cover was significantly
higher at nest sites ()T = 97.7 %) than at
brood sites ()T = 62.2 %) (P <_ 0.01) and
adult sites ()T = 63.4 %) (P 5 0.01). There
were no differences in slope between any
site types, although within adult sites,
males tended to select steeper slopes ()T =
11.31 %) than females (x = 4.37 %).

Percent cover of forbs was significantly
higher (P = 0.02) at brood micro habitat
sites than at brood macro - habitat sites (Fig
3). Forb species diversity was also higher
(P = 0.07) in brood micro - habitat than
brood macro habitat (Fig. 4). No differ-
ence was found in percent cover of forbs
or forb diversity in micro and macro habi-
tats at adult sites (Figs. 3 and 4). There
was no significant differences in percent
cover of grasses in micro habitats or
macro habitats for either brood sites
(micro x = 22.3 %, macro x = 19.58 %) or
adult sites (micro x = 26.4 %, macro )T =
24.1 %). Micro and macro habitats were
not analyzed for nest sites because of an
insufficient sample size (n = 10). Total
percent forb cover was the only variable
with significant predicative value (P =
0.02) in distinguishing micro habitat from
macro habitat at brood sites in a logistic
regression that started with the 14 most
common forb species and total forb cover
as independent variables (concordance =
61.9 %).

Logistic regression was used to identify
those variables that significantly con-
tributed to distinguishing adult sites from
all random site types. Adult use sites were
important to the analyses because they
were the most general habitat sites used by
sage grouse. The only variables significant
in distinguishing adult sites from occupied
habitat sites were sagebrush height (P <_
0.01) and sagebrush decadence (P =
0.016) (concordance = 75.4 %) with both
sagebrush height and decadence greater at
adult sites than at random sites in occupied
habitat (Tables 1 and 2). Percent grass
cover (P <_ 0.01) and sagebrush canopy
area (P = 0.03) were variables significant
in distinguishing adult sites from available
habitat sites (concordance = 70.3 %) with
both grass cover and sagebrush canopy
area greater at adult sites (Tables 2, 4, and
1). Percent forb cover (P <_ 0.01), shrub
canopy cover (P = 0.02), and area of sage-
brush canopy (P = 0.08), were those vari-
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Fig. 2. Forb diversity (species / 1/4 m2) measured in association with sage grouse habitats in
Strawberry Valley.

ables proving significant in distinguishing
adult sites from brome habitat sites (con-
cordance = 79.9 %) with all distinguishing
variables having greater mean values in
adult habitat (Tables 2, 5, and 1).

Logistic regression was also used to
identify the variables that discriminate
brood habitat from adult habitat and occu-
pied habitat sites. Sagebrush height (P =
0.05) and forb diversity (P <_ 0.01) were
the most significant variables in discrimi-
nating brood and adult habitats (concor-
dance = 74.9 %) (Tables 2 and 5). Forb
diversity (P <_ 0.01) and forb cover (P <_
0.01) were the only variables that con-
tributed to discriminating brood sites from
random occupied habitat sites (concor-
dance = 68.4 %) (Tables 5 and 1) (Fig. 2).
Nest sites were not included in logistic
regression comparisons because of insuffi-
cient sample sizes.

Discussion

One of the unique contributions of this
study to the knowledge of sage grouse
habitat is that several habitats were identi-
fied and measured simultaneously for a
single population. Only 1 other study
(Dunn and Braun 1986) reported similar
data, but with fewer kinds of habitats.

Measurements of sagebrush and other
shrub canopy areas showed sage grouse
selected shrubs having greater canopy area
for nest and adult habitat than was found
at all other habitats. Our measurements of
sagebrush canopy size at nest sites were
similar to those of Connelly et al. 1991
(1.53 m2 compared to 1.19 m2). It is not
surprising that canopy area at brood sites
was lower than at nest, and adult sites. It
has been well documented that sage

grouse seek areas with lower sagebrush
canopy cover and greater access to succu-
lent forbs for brood habitat (Klebenow
1969, Klott and Lindzey 1990, Drut et al
1994).

Sagebrush and other shrub heights were
significantly greater at adult, nest and brome
sites than at other sites. These findings sup-
port other research that found sage grouse
nest beneath taller sagebrush plants than are
randomly available (Klebenow 1969 and
Sveum et al. 1998). However, neither height
nor canopy area differed between nest sites
and adult sites which suggests hens may
not be choosing bigger /taller shrubs specifi-
cally for nesting activities, but merely
selecting shrubs they typically find suitable.
A larger sample of nest sites is needed to
investigate this theory.

Sagebrush was significantly more deca-
dent at adult sites than at nest sites, even
though the ages of the shrubs did not dif-
fer. This difference may possibly be
explained by the time of year that esti-
mates of decadence were made. Sagebrush
decadence, at nest sites, was estimated

during the spring, when the plants we
presumably least stressed. Sagebrus
decadence at adult sites was estimat
throughout the spring and summer whit
increased the chances that the plants w
stressed. The finding that sagebrush w
also more decadent at available habi
sites than at other sites may show th
these sites are simply less productive
to edaphic factors (Table 2).

In our comparison of brood habitat with
adult habitat neither sagebrush canopy
cover nor forb cover were identified as dis-
criminating variables. Rather, it was sage-
brush height and forb diversity that best
discriminated between these critical habi-
tats (Table 2) (Fig. 1). These data conflict
with the conventional thinking that sage-
brush canopy cover and forb cover are the
most important habitat components that
separate these two habitat types. Although
these data may be a reflection of our study
site, the relative importance of forb diversi-
ty to forb cover and sagebrush height to
sagebrush canopy cover in sage grouse
brood habitat merits further investigation.

As in other studies, (Peterson 1980,
Autenrieth 1981, Dunn and Braun 1986,
Klott and Lindzey 1990, Drut et al. 1994,
Apa 1998, Sveum et al. 1998) sage grouse
broods in our study site were found in
areas with high forb cover and diversity.
We made a more detailed study of forbs
by documenting a higher and more diverse
forb component not only when brood sites
were compared to other use and random
sites, but also when brood micro habitat
was compared to brood macro habitat.
These data are important since the forb
component in the macro - habitat was well
within the recommended guideline
(Connelly et al. 2000) for percent cover of
forbs in brood habitat and yet, sage grouse
broods still selected micro habitats with
significantly greater forb cover (Fig. 21
and diversity (Fig. 3). Recall, logistic

Table 4. Mean percent cover of grass species measured at sage grouse habitat sites in Strawberry
Valley.

Site
Type

Nest
(n= 10)

Brood
(n = 30)

Adult
(n = 64)

Random
Occupied
(n = 55)

Brome
(n = 30)

Available
(n = 30)

( %)
Smooth Brome 0.0 0.1 e 0.2 e 0.2 e 21.8 bcd 0.0
Phleum spp. 0.0 0.0 0.0 0.0 1.7 0.0
Carex spp. 0.9 ef 2.1 cdef 0.3 b 0.7 of 0.2 abd

0.01 abd
Stipa spp. 0.3 bcdf 1.3 f 1.1 f 1.6 f 0.0 3.7 abcd

Poa spp. 16.7 e 14.6 ce 19.2 be 17.9 e
7.7 abcdf 15.9 e

Agropyron spp. 3.2 e 1.7 e 3.7 def 2.4 ef 0.3 abcdf 1.8

Total Grass 21.1 e 19.9 e 24.6 e 22.8 e 31.9 abcdf 21.5 e
Within each column letters indicate site types that are significantly different (P < 0.05) from the column site type (
nest, b = brood, c = adult, d = random occupied, e = brome, f = available) for the row species.
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Fig. 3. Percent forb cover in micro and macro sage grouse habitat measured at brood and
adult habitat sites in Strawberry Valley.

regression did not identify any particular
forb species as being a significant predic-
tor of brood micro- habitat when compared
to brood macro habitat and yet total forb
cover was significantly different. This
suggests that hens with broods did not key
on any particular forb species when a
diverse suite of species was available.
Rather, they selected habitat based on the
overall abundance of forbs. We did not
find any differences in forb cover (Fig. 2)
or diversity (Fig. 3) between adult micro
and macro habitat suggesting that forb
cover may not be as important as other
habitat variables for adult sage grouse.

Sagebrush canopy cover is another
essential part of sage grouse habitat.
Sagebrush canopy cover in all occupied

and unoccupied sites measured in the
study area meet the guidelines suggested
for productive breeding and brood rearing
habitat for sage grouse (Connelly et al.
2000). Although sagebrush canopy cover
in brome sites is within the guidelines, our
data suggest smooth brome may be com-
petitively excluding the establishment of
other shrub species and reducing the over-
all shrub cover to a level that may be
insufficient for sage grouse. Sveum et al.
(1998) identified total shrub cover in addi-
tion to sagebrush canopy cover as an
important characteristic of nesting habitat
in central Washington.

Sagebrush height and percent decadence
were identified as distinguishing variables
between adult and occupied habitat sites.

Sage grouse selected taller sagebrush than
was randomly available in the study area.
However, sagebrush height at occupied
habitat sites was within the recommended
guidelines (Table 2) (Connelly et al.
2000). This behavior may be a response to
the high predation pressure from red fox in
the study area (Bunnell and Flinders
Unpubl.). The selection of more decadent
sagebrush plants, despite no significant
difference in plant ages (Table 2), may be
an attempt to avoid plant secondary com-
pounds that may be reduced in the less
vigorous, more decadent plants as was
suggested by Welch et al. (1989) although
further research is necessary to analyze
this theory.

Our comparisons of adult habitat to
available habitat identified sagebrush
canopy area and percent grass cover as the
only variables discriminating between the
two habitat types. Sagebrush in available
habitat was younger (16.6 yrs.) and more
even -aged (std. 5.9 yrs.) than the sage-
brush found at the adult sites (20.5 yrs. std
8.3) (Table 2) resulting in reduced struc-
tural diversity which helps explain the
difference in sagebrush canopy area. This
being the case, we expect the understory
composition to change as sagebrush stands
mature and increase in structural diversity
which may explain the difference in grass
cover. However, much of the available
habitat was grazed by cattle which likely
explains the difference in grass cover.

The discovery that sagebrush age dif-
fered significantly between adult and
available habitat may be important in
understanding the dynamics of sage
grouse habitat. Knowing that sagebrush
shrubs were significantly older in areas
occupied by sage grouse than in the sur-

Table 5. Mean percent cover of forb species measured at sage grouse habitat sites in Strawberry Valley.

Site

Type
Nest

(n = 10)
Brood

(n = 30)
Adult

(n = 64)

Random
Occupied
(n = 55)

Brome
(n = 30)

Available
(n = 30)

( %)
Pacific aster (Aster chilensis Nees) 0.01 be 1.3 acef 0.8 b 1.0 0.9 b 0.7 b
Wetern yarrow (Achillea millefolium L.) 0.2 1.1 def 1.2 e 0.9 e 0.2 bcd 0.4
Pussytoes (Antenaria spp.) 0.1 b 1.4 acdef 0.4 e 1.0 ef 0.1 bcd 0.2 df
Looseflower milkvetch (Astragalus tenellus Pursh.) 0 0.2 e 0.2 de 1.0 cef 0.8 bcdf 0.3 de
Spearleaf fleabane (Erigeron lonchophylus Hook.) 0 0.7 cd 0.1 b 0.4 b 0 0
Sulfur eriogonum ( Eriogonum umbellatum Ton.) 3.3 ef 45 ef 3.5 ef 3.9 ef 1.5 abcd 2.7 abcd
Geranium (Geranium spp.) 0 0.6 0.4 1.2 0.4 0
Silky lupine (Lupinus sericeus Pursh.) 4.5 2.9 d 2.9 d 6.0 be 3.4 f 2.5 e
Yellow owlclover (Orthocarpus luteus Nutt.) 0 0.9 cef 0.7 bdef 1.8 cef 0.01 bcd 0.1b cd
Penstemon (Penstemon spp.) 1.0 cde 0.6 cd 0.3 abe 0.5 0.1 ac 0.6
Hoods phlox (Phlox hoodii Rich.) 1.3 bcde 0.1 a 0.04 a 0.2 a 0.01 a 0
Douglas knotweed (Polygonum douglasii Greene) 0 0.4 cde 0.7 bde 0.7 bcef 0.7 bcd 0.7 d
European strawberry (Fragaria yesca L.) 0 0.7 cd 0.4 0.6 0 0
Common dandelion (Taraxacum officinale Weber and Wiggers) 0.1 bcd 0.9 aef 1.2 aef 1.4 ae 0.1 bcdf 0.2
Total Forb Cover 11.04 16.01 ef 13.05 e 14.75 ef 8.42 bed 9.39 bd
Within each column letters indicate site types that are significantly different (P < 0.05) from the column site type (a= nest, b = brood, c = adult, d = random occupied, e = brome, f =
available) for the row species.
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Fig. 4. Forb diversity (# of species / 1/4 m2) in micro and macro sage grouse habitat mea-
sured at brood and adult habitat sites in Strawberry Valley.

rounding available habitat (Table 2) brings
to mind all natural and man - caused distur-
bance factors that affect occurrence and
longevity of big sagebrush. Natural distur-
bance cycles have been disrupted or elimi-
nated in many sagebrush habitats by
altered fire intervals and other factors.
Knowledge of the age dynamics of sites
that are occupied and unoccupied by sage
grouse will help in efforts to restore or
mimic natural disturbance regimes to ben-
efit sage grouse.

In our comparison of adult and brome
habitat sites, shrub canopy cover, sage-
brush canopy area, and percent forb cover
were the discriminating variables.
Differences in each of these variables may
be the result of the competitiveness and
abundance of smooth brome an aggressive
sod forming grass. It appears that the most
limiting, long lasting impact of smooth
brome treatments to sage grouse habitat is
the reduced cover and diversity of forbs in
the understory. Many studies have docu-
mented the importance of forbs in sage
grouse habitat (Dunn and Braun 1986,
Klott and Lindzey 1990, Drut et al. 1994,

Apa 1998). Our data show the competitive
ability of smooth brome seriously
degrades the value of these areas for sage
grouse by greatly reducing forb cover and
diversity. Also, the grass component was
significantly higher at brome sites than at
sage grouse use sites. Important to this
issue, is the discovery that the age of sage-
brush and sage brush canopy cover in
brome habitat did not differ significantly
from the age and canopy cover of sagebrush
at use sites (Tables 2 and 3), and yet the
brome habitat remained unoccupied by sage
grouse despite being immediately adjacent
to occupied habitat. That past range man-
agement practices, intended to decrease
sagebrush and increase livestock forage in
the Strawberry Valley, continue to have a
long lasting negative impact on sage grouse.

Our data suggests that sagebrush and
other shrubs growing in areas with tall
aggressive grasses, such as smooth brome,
are forced to grow tall rather than spread-
ing in order to compete for available sun-
light (Table 2). This competition appears
to changes the natural growth form of
these shrubs and further degrade the areas

Table 6. Horizontal Obscurity Cover ( %) at Sage Grouse Nest and Adult Habitat Sites.

potential as sage grouse habitat. This inter-
pretation is supported by the fact that the
age and height of sagebrush plants grow-
ing in brome sites did not differ from the
age and height of the sagebrush plants at
nest or adult sites, but differed significant-
ly in canopy area (Table 2).

The ability of multivariate statistics
(such as logistic regression) to identify
fewer discriminating variables than are
significant using univariate statistics,
stems from simultaneously evaluating the
variables for correlation and eliminating
all but the most discriminating variables.
This reduction in the number of variables
identified, as a result of accounting for
correlation, allows managers to focus their
efforts on a few identified limiting factors.
If these factors are addressed correctly, the
correlated factors should also be corrected.

Another advantage of logistic regression
over univariate statistical methods is that
the resulting function allows managers to
calculate the probability that an area of
habitat is suitable by measuring only the
identified discriminating variables. For
example, the function describing differ-
ences between adult and brome habitat
types in Strawberry Valley is: logit(Y) =
-2.510 + 10.650(forb cover) + 4.754(shrub
canopy cover) + 0.559(sagebrush canopy
area), where logit (Y) = the probability of
being classified as occupied (or suitable)
habitat. Using this function a manager can
calculate the probability that any sagebrush
habitat in Strawberry Valley that has an
understory of smooth brome will provide
suitable adult sage grouse habitat by mea-
suring just the 3 discriminating variables.
A manager could also evaluate the effec-
tiveness of a prescribed treatment designed
to address limiting factors in brome habitat
by measuring the same variables pre and
post treatment.

Conclusions

Occupied sage grouse habitats (adult,
brood, nesting, and random) in Strawberry
Valley meet the guidelines (Connelly et al.

Site Type 2.5m (0- 2,5m (33.3 2,5m (66.6 5m (0- 5m (33.3- 5m (66.6-
33.3cm) 66.6cm) 100cm) 33.3cm) 66.6cm) 100cm)

(%)
Nest 99.3 b 87.5 ab 47.2 a 100 a 94.8 abc 74.6 abc
Adult 97.1 a 86.1 ab 65.3 ab 99.6 a 95.9 a 84.3 a
Brood 96.2 a 78.1 a 52.2 a 99.0 a 90.6 b 71.0 b
Random occupied 95.7 a 79.9 a 58.0 a 98.1 a 91.4 ab 74.3 ab
Brome Habitat 99.6 b 89.1 b 72.4 b 99.9 a 97.2 c 88.1 c
Available Habitat 98.6 a 85.7 ab 62.4 ab 100 a 95.6 abc 76.1 abc

Within each column, means with different letters are significantly different (alpha = 0.05).

10m (0- 10m (333- 10m (66.6-
33.3cm) 66.6cm) 100cm)

100 a 98.3 ab 87.5 ab
100 a 98.9 ab 93.2 a
99.9 a 95.5 a 84.5 b
99.8 a 96.6 ab 91.6 a

100 a 99.2 b 96.2 a
100 a 99.0 ab 91.5 ab
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2000) in all respects. However, our data sug-
gest the recommended guidelines may be
conservative in relation to some habitat com-
ponents. For example, sage grouse in the
strawberry valley selected taller sagebrush
than was randomly available despite the fact
the randomly available sagebrush was within
the recommended guidelines (Table 2). In
addition, sage grouse broods selected micro
habitats with significantly greater forb cover
then the surrounding habitat even though
forb cover within the surrounding habitat
was within the recommended guidelines for
brood habitat (Fig. 3).

Our data confirmed the importance of
the vegetative components outlined by
Connelly et al. (2000) to sage grouse habi-
tat selection. In addition, we identified
other important aspects of sage grouse
habitat including: 1) canopy area of sage-
brush plants, 2) percent decadence of
sagebrush plants, and 3) age of sagebrush
stands as potentially important compo-
nents of adult habitat selection (Table 2).
Forb diversity was also identified as a
potentially important component of brood
habitat selection (Fig. 4).

Lastly, our comparisons of occupied and
unoccupied sagebrush grass habitat in the
Strawberry Valley, quantified the negative
impacts of past range management prac-
tices that replaced the native forbs and
bunch grasses with an understory of
smooth brome. Our data also suggests that
available habitat may be limited by the age
of available sagebrush stands and a lack of
grass and forb cover and forb diversity in
the understory (Tables 4 and 5).

Sage grouse are an important compo-
nent of sagebrush communities. Sage
grouse cannot survive without sagebrush.
The more we understand about this
dynamic biotic relationship the better are
our chances to preserve and enhance sage
grouse populations. Further work is need-
ed on the age dynamics of big sagebrush
stands in known sage grouse habitats. We
also need to know the age dynamics of
occupied and unoccupied sage grouse
habitats in association with other species
and subspecies of sagebrush (e.g. basin
big sagebrush (Artemisia tridentata triden-
tata Nutt.), Wyoming big sagebrush
(Artemisia tridentata wyomingensis Beetle
and Young), 3 tip sagebrush (Artemisia
tripartita Rybd.) and black sagebrush
(Artemisia nova A. Nels.). Data are need-
ed to evaluate age differences in sagebrush
stands used for different purposes (ie.
nesting, brood rearing, etc.) in all sage-
brush types. More information is needed
regarding adult sage grouse habitat, and
we need to continue to expand our knowl-
edge of nesting and brood habitats.
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