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ABsTRACT-Thedecline in abundance of the newly recognized Gunnison sage grouse (Centro­

cercus minimus) in southwestern Colorado is thought to be linked to loss and fragmentation of its
habitat, sagebrush (Artemisia) vegetation. We documented changes in sagebrush-dominated areas
between the 1950s and 1990s by comparing low level aerial photographs taken in these time
periods. We documented a loss of 20% or 155,673 ha of sagebrush-dominated areas in south­
western Colorado between 1958 and 1993. The amount of sagebrush-dominated area was much
higher and loss rates were much lower in the Gunnison Basin. We also found that 37% of plots
sampled underwent substantial fragmentation of sagebrush vegetation. If current trends of habitat
loss and fragmentation continue, Gunnison sage grouse (and perhaps other sagebrush-steppe
obligates) may become extinct. Protecting the remaining habitat from further loss and fragmen­
tation is paramount to the survival of this species.

RESUMEN-Ladeclinaci6n en la abundancia del recientemente reconocido gallo Centro cercus

minimus en el suroeste de Colorado (USA) se considera estar conectada a la perdida y fragmen­
taci6n del habitat de la vegetaci6n artemisa (Artemisia). Documentamos los cambios en areas
dominadas por artemisa entre 1950sy 1990scomparando fotografias aereas a baja altura durante
estos periodos. Documentamos la perdida de 20% 0 155,673 ha de areas dominadas por artemisa
en el suroeste de Colorado entre 1958 y 1993. La cantidad del area dominada por artemisa fue
mas alta y la taza de perdida fue mucho menor en Gunnison Basin. Tambien encontramos que
37% de los sitios muestreados sufrieron una fragmentaci6n sustancial de vegetaci6n artemisa. Si
las tendencias actuales de perdida de habitat y fragmentaci6n continuan, el gallo Centrocercus

minimus (y quizas otros que viven solamente en estepa-artemisa) podrian desaparecer. Proteger el
habitat restante de mas perdida y fragmentaci6n es primordial para la sobrevivencia de esta es­
pecie.

In Colorado, Cary (1911:246) described
sagebrush-steppe vegetation as "omnipresent
on the higher plains of western Colorado and
also in most of the higher mountain parks up
to 10,000 feet." In southwestern Colorado,
sagebrush areas ranged from Debeque to Wol­
cott in the north, the Uncompagre Plateau in
the west, Leadville to Saguache in the east, and
Bayfield in the south (Cary, 1911). Rogers
(1964) described the distribution of sagebrush
in Colorado and reported that all sagebrush
areas listed by Cary (1911) still contained some
sagebrush in the early 1960s, yet due to human
activities, many no longer were dominated by

sagebrush. Human activities mentioned by
Rogers (1964) included overgrazing, irrigation
projects, and dry-farming. Braun (1995) com­
pared the distribution of sage grouse in 1993­
1994 to the range of sagebrush described by
Rogers in 1964 and advocated that human-in­
duced changes in sagebrush vegetation have
negatively impacted sage grouse (Centrocercus

urophasianus), a sagebrush-steppe obligate.
In Colorado, sage grouse have been extir­

pated from 12 of the 27 counties in which they
occurred in the 1900s and populations in 9 of
the remaining 15 counties are thought to num­
ber less than 500 breeding birds (Braun,
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FIG. I-Historic (top) and current (bottom) dis­
tribution of sage grouse and Gunnison sage grouse
(lower left cut out) in Colorado. The area in gray
represents Gunnison Basin (stratum 7).

1995). Population declines appear to be relat­
ed to habitat loss (conversion of big sagebrush,
Artemisia tridentata, into farmland or housing
developments), habitat degradation (heavy
livestock grazing, sagebrush removal, road and
powerline development through sagebrush,
and human disturbance), and habitat fragmen­
tation (Braun, 1995). Sage grouse habitat in
southwestern Colorado, the majority of the
range of the newly described Gunnison sage
grouse, C. minimus (Kahn et aI., 1999; Oyler­
McCance et aI., 1999; Young et aI., 2000), has
been more severely impacted by these process­
es than elsewhere in Colorado (Fig. 1). Braun
(1995) reported extirpation of Gunnison sage
grouse from 12 of 17 counties in southwestern
Colorado which once supported them, and al­
though historic abundance is unknown, it was
likely several orders of magnitude larger than
the present (Young et aI., 2000). This decline
has caused public alarm and has resulted in a

petition to list Gunnison sage grouse as a
threatened or endangered species.

Sage grouse are tied to sagebrush-steppe
vegetation for much of the year. In winter, sage
grouse are dependent solely on sagebrush
leaves (primarily big sagebrush) for food (Pat­
terson, 1952; Walles tad et aI., 1975), and they
require areas dominated by sagebrush for cov­
er (Eng and Schladweiler, 1972). In the spring,
nesting occurs in thickly vegetated areas usu­
ally dominated by sagebrush (Patterson, 1952;
Wallestad and Pyrah, 1974) and during brood
rearing, hens with chicks are typically found in
diverse habitats including areas of sagebrush
(Shroeder et aI., 1999). The loss of sagebrush
vegetation is likely linked to the decline of
Gunnison sage grouse in southwestern Colo­
rado. Thus, we used aerial photographic anal­
ysis to document and quantify changes in sage­
brush-dominated vegetation in southwestern
Colorado which may be affecting the persis­
tence of Gunnison sage grouse and perhaps
other sagebrush-steppe obligates as well.

METHODS AND MATERIALS-Plot Selection-We iden­
tified 10 areas in southwestern Colorado which were

dominated by sagebrush in the early 1960s (Rogers,
1964). Polygons were digitized around the 10 sage­
brush areas in a geographic information system
(GIS). We constructed a grid of sampling plots (sam­
pling frame) covering each of the 10 polygons, with
each sampling plot being a square, 4 km on a side
(16 km2/plot).

We attempted to sample 200 plots stratified across
the 10 sampling polygons. The number of plots to
be sampled per stratum was calculated (rounding
this number to the nearest integer) such that the
sampling fraction was approximately equal (ca. 9%)
in each stratum. We then randomly chose plots with­
in each stratum to achieve a stratified random sam­

pling design (Table 1). Because we rounded the
number of plots to the nearest integer, total number
of plots which we intended to sample increased to
202.

Aerial PhotograPhy Acquisition and Interpretation-We

attempted to obtain low level (between 1:20,000 and
1:30,000) black and white aerial photographs of
each plot in the 1950s, 1970s, and 1990s. An entire
plot could fit on one low level photograph (occa­
sionally a plot was covered by a group of photo­
graphs from the same flight). Aerial photographs
(either black and white film positive or color infra­
red) were obtained for all plots in the 1990s. Color
infrared photographs were used only when black
and white photographs were not available. Aerial
photographs from the early years were more difficult



September 2001 Oyler-McCance et al.-Sagebrush and Gunnison sage grouse 325

TABLE I-Characteristics of strata sampled for
sagebrush in southwestern Colorado.

to obtain. For each plot, we developed a list of avail­
able photographs (from different years) covering
that plot and chose the earliest available photo­
graphs for each plot. If there were photographs ap­
proximately midway between the earliest date and
the 1990s date, we chose those photographs as well.
In most cases (157 plots), only 2 photographs (an
early and late photograph) could be obtained. We
did obtain 3 photographs from 37 plots, which al­
lowed us to examine rates of sagebrush change over
time. We omitted 8 of the original 202 plots because
there was insufficient photography covering those
plots. Aerial photographs were obtained from the
United States Geological Survey (USGS) Eros Data
Center.

Each plot boundary was identified and traced
onto a 1:24,000 7.5-minute USGS topographic quad
map (or groups of maps if needed). From features
on the quad map, the plot was identified on the cor­
responding photograph (or group of photographs).
A photograph adjacent (along the same flight line)
to the 1 containing the plot was identified for use
on a stereoscope to visualize the plot in 3 dimen­
sions. Acetate was then overlaid and taped to the
appropriate photograph (or groups of photo­
graphs). The plot was then photo-interpreted to
identify sagebrush-dominated areas. Sagebrush-dom­
inated areas were defined to be areas in which sage­
brush was the dominant (>50%) vegetation type.
These areas were traced onto acetate using a Koh-i­
noor Rapidograph pen with a tip to draw lines no
thicker than 0.25 mm, using Rapidograph Rapidraw
3084-F ink in the drawing pen. We attempted to
ground-truth 50 of the plots (25%) and were unable
to gain access to 7 of the plots chosen for ground­
truthing. Forty-three of the 194 plots were ground­
truthed by first interpreting the photograph, then

Stratum

1
2
3
4

5
6
7

8
9

10

Area (ha)

1,364,800
476,800

44,800
238,400
102,400
49,600

1,044,800
222,400

52,800
41,600

Plots

per stratum

853
298
28

149
64
31

653
139

33
26

Plots

sampled
per

stratum

74
25

3
12

5
3

54

13
3
2

going to the area on the ground and confirming its
classification as a sagebrush-dominated area.

A zoom transfer scope was used to standardize
the scale and georeference the data because pho­
tographs from different years were taken at differ­
ent elevations. A mylar sheet was taped to each
quad map and the appropriate plot was traced onto
the mylar correctly overlaying the plot traced onto
the quad map. Each photograph with interpreta­
tion was placed on the zoom transfer scope and
focused to the appropriate scale so that features in
the photograph were lined up with features on the
quad map. The interpreted sagebrush areas were
traced onto the mylar sheet, removed from the
quad map, scanned into a computer, and converted
into a bitmap image using Adobe Photoshop. Each
bitmap image was edited to correct anomalies such
as closing polygons, deleting stray marks picked up
by the scanner, and thinning polygon edges. The
bitmap images were then imported into the GIS
software ArcView (ESRl, 1996) where total area of
sagebrush, number of sagebrush polygons, and
area and perimeter of each sagebrush polygon
were calculated.

Data Analysis-We calculated total area of sage­
brush-dominated vegetation in each stratum and
overall using standard methods for a stratified, sim­
ple random sampling design (Thompson, 1992;
Thompson, 1997). From the estimated total area of
sagebrush we estimated proportion of area that rep­
resented sagebrush-dominated vegetation in each
stratum and also overall.

For each plot, we considered the most recent pho­
tograph to be the late photograph and the earliest
photograph to be the early photograph. To deter­
mine the average time span between early and late
photographs, we calculated average difference be­
tween years of early and late photographs. We cal­
culated annual change in proportion of sagebrush
between early and middle photographs, and be­
tween middle and late photographs for the 37 plots
with 3 photographs. We then subtracted the 2 an­
nual rates of change and tested whether this differ­
ence was different from zero.

Photographs representing each time period (early
and late) were taken in different years across plots
(e.g., the early time period could be represented by
a photograph from mid-1940s to late-1960s). This
made it difficult to compare changes in sagebrush
across plots. Thus, we chose a model-based approach
to standardize data to a common early and late year
for comparisons across plots. We used the average
early year (1958) as our standard early year and the
average late year (1993) as our standard late year.
Assuming that changes between time periods were
monotonic, we calculated proportion of sagebrush
available per plot in standard early and standard late
years using a logistic function
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and then computed an estimated proportion of
sagebrush in the given plot in year 58, P58' using the
following equation

to solve for a and b. We then set a specific year (e.g.,
t = 58), computed &58 using

&58 = a + b(58)

where Pearly was proportion of area on a plot domi­
nated by sagebrush in the early time period and Plate

was proportion of area on a plot dominated by sage­
brush in the late time period. Computing CJ.eady and
CJ.lale>we then used the following equations

RESULTs-Habitat Loss-Dates of early pho­
tographs ranged from 1944 to 1976 and late
photographs from 1988 to 1995. The average
date for early photographs was 1958 (SD = 6.7)
and 1993 (SD = 1.3) for late photographs. Av­
erage number of years between early and late
photographs was 35.2 (SD = 6.7). A difference
of ca. 35 years should reflect changes in sage­
brush. Only 5% of plots had less than 25 years
between early and late photographs and only
9% had early photographs later than 1965. For
the 37 plots with 3 photographs, difference in
annual rate of change in sagebrush between
early to mid time period and mid to late time
period wasnot significantly different from zero
(t = 0.83, P = 0.4124); however, sample size
was likely insufficient to detect any subtle or
moderate difference.

Thirty-<me of the 194 plots had no sage­
brush-dominated vegetation in either early or
late photos. Of those plots with some amount
of sagebrush in the early date, 10 plots had an
increase in amount of sagebrush and 153 had
a decrease. Without standardizing to a given
early and late year, mean proportion of sage­
brush in early years was 0.212 (SE = 0.016) and
mean proportion in the late years was 0.173
(SE = 0.015). This corresponds to 772,358 ha
(SE = 59,307) in early years and 630,274 (SE

= 55,944) in late years, representing an 18%
loss in sagebrush between early and late years.

Mter adjusting data based on the logistic
method, the mean proportion of sagebrush
available in 1958 was 0.2161 (SE = 0.0166) and
in 1993 was 0.1734 (SE = 0.0154; Table 2)
which converts to 786,411 ha in 1958 and
630,725 ha in 1993 with a loss of 155,673 ha
(95% CI 124,819-186,527; Table 3). Overall,
this represents a 20% loss of sagebrush-domi­
nated area in the 35 years measured or a
0.64% annual loss rate (95% CI 0.49%­
0.77%). Habitat lossper stratum varied (Tables
2 and 3), yet only a few strata gave reliable es­
timates because of small sample size. Of those
strata with greater than 10 plots sampled, rate
of habitat loss over the 35 year period wasvar­
iable with rates as high as 50% in stratum 2
and as low as 11 % in strata 7 and 8 (Table 2).

Comparison of historic and current distri­
butions of sage grouse reveals that only 1 area
in southwestern Colorado (shown in grey)
seems not to have changed much (Fig. 1). This
area is the Gunnison Basin which, in this study,

(~)=CJ.latelog 1 - P'a'e

CXlate = a + btlale(Xearly = a + btearly

(Pearly ) = CJ.earlylog 1 - Pearly

Thus, for every plot we used the logistic function
and estimated proportion of area dominated by
sagebrush in 1958 and in 1993. Similar standardi­
zation and projection to a given year are explained
in Terrazas-Gonzalez (1997).

To obtain better estimates of within-stratum vari­
ance and confidence intervals on amount of sage­
brush for strata with small sample sizes (strata 3, 4,
5, 6, 8, 9, and 10) we calculated the coefficient of
variation (CV) of amount of sagebrush in 1958 and
1993 for each stratum. Because CVs tend to be stable
(Eberhart, 1978) we calculated the average CVand
used it as an estimate of CV for strata with small
sample sizes (Carroll and Ruppert, 1988; Buckland
et aI., 1993). This allowed us to calculate the Z./2

multiplier for a confidence interval using 175 de­
grees of freedom, instead of much smaller degrees
of freedom if this procedure had not been used (Tu­
key, 1977).

Actual confidence intervals around estimates of
amount of sagebrush in 1958 and 1993for each stra­
tum were calculated using a log transform approach
(Burnham et aI., 1987). Confidence intervals
around the estimate of the amount of sagebrush
were calculated in a u'aditional way, i.e., :t1.96 (SE

[loss]).
To examine habitat fragmentation, we recorded

number of sagebrush polygons, total area of sage­
brush, and total amount of edge (total perimeter)
for each plot. We then calculated the change in the
square root of area to perimeter ratio (AlP) and the
change in the number of polygons. Plots which had
a decrease in AlP ratio and an increase in the num­
ber of polygons between time periods were thought
to be affected more by habitat fragmentation, where­
as plots with an increase in AlP ratio and a decrease
in number of polygons were thought to be affected
more by habitat loss.




