
    The Columbian Sharp-tailed Grouse (Tym-
panuchus phasianellus columbianus; hereafter
CSTG) is 1 of 6 subspecies of Sharp-tailed
Grouse in North America (Johnsgard 1983). It
currently occupies <10% of its historic range,
which formerly included parts of 9 U.S. states
and British Columbia (Miller and Graul 1980,
Stinson and Schroeder 2012), and has been
petitioned for listing twice under the Endan-
gered Species Act of 1973 (USDI 2000, 2006).
In Wyoming, CSTG is found only in portions
of southwestern Carbon County and is consid-
ered a species of greatest conservation need
under Wyoming’s wildlife action plan (Hoff-
man and Thomas 2007, Keinath et al. 2010).

    Communal display, or lekking, by CSTG
occurs during the breeding season when
males gather to attract females for breeding
(Johnsgard 1973). During this time when indi-
viduals are concentrated on lek sites, counts
can be made for population monitoring and
assessment. Leks are generally the focus of
management efforts for Sharp-tailed Grouse
subspecies because leks are associated with
nesting and brood-rearing habitats, and pro-
vide a means for population surveys when
individuals gather during annual breeding
rituals (Giesen and Connelly 1993). Research
indicates that the majority of female CSTG
nesting and brood-rearing habitat is within
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      ABSTRACT.—The Columbian Sharp-tailed Grouse (Tympanuchus phasianellus columbianus; hereafter CSTG) occupies
approximately 10% of its historic range and is a species of conservation concern in 7 U.S. states and British Columbia.
Because little is known about the status of CSTG in Wyoming, we sought to model the relative probability of lek site
occurrence within the known distribution of CSTG in the state to identify areas that contained previously undocu-
mented lek sites. The proximity of nesting and brood-rearing habitats to leks advocates their use as a focus of conserva-
tion for prairie grouse, including CSTG. We modeled a resource selection function (RSF) to identify areas that were
predicted to have a high probability of lek occurrence. In areas identified by the RSF, we searched for leks by conducting
ground surveys and surveys from a fixed-wing airplane using aerial infrared (AIR) technology. We identified 6 previously
undocumented CSTG leks through ground searches and 4 previously undocumented Greater Sage-Grouse (Centrocercus
urophasianus) leks through AIR searches. Newly identified leks represented a 22% increase in the number of known
CSTG leks in south central Wyoming. Our method not only improved knowledge of CSTG status in Wyoming, but may
also improve identification of unknown lek sites and conservation of lekking habitat and additional reproductive habitats
for prairie grouse species in other western states and provinces.

      RESUMEN.—El urogallo de cola afilada ([CSTG]; Tympanuchus phasianellus columbianus) ocupa aproximadamente el
10% de su rango de distribución histórico y es una especie en peligro en 7 estados de los Estados Unidos y en British
Columbia. Debido a que se conoce poco sobre la situación del CSTG en Wyoming, tratamos de modelar la probabilidad
relativa de que surja un lek en un sitio conocido dentro de su distribución en el estado, para identificar áreas que con-
tengan localizaciones de lek sin documentar. La proximidad de hábitats para anidación y de cría a los leks recomienda su
uso como foco de conservación para el urogallo de las praderas, incluyendo CSTG. Modelamos una función de selección
de recursos (RSF) para identificar las áreas pronosticadas como de alta probabilidad de casos de lek. Usando nuestro
RSF, realizamos búsquedas de lek con Vuelos Aéreos con Infrarrojos (aerial infrared flights–AIR) con un avión de ala fija
y búsquedas en el terreno. Identificamos 6 leks de CSTG sin documentar a través de búsquedas terrestres y 4 leks no
registradas de urogallos (Centrocercus urophasianus). Los leks recientemente identificados representaron un aumento
del 22% en el número de leks de CSTG conocidos en el centro-sur de Wyoming. Nuestro método no sólo mejoró el
conocimiento de la situación de los CSTG en Wyoming, sino que puede resultar útil para mejorar la identificación de
zonas con leks desconocidos y la conservación de estas zonas y otros hábitats de reproducción de las especies de urogallo
de las praderas en otros estados y provincias del oeste.
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2.0 km of a lek (see Hoffman and Thomas
2007). For example, 85% of locations from radio-
marked male and female CSTG from spring
through fall were within 2.0 km of their lek of
capture in northwestern Colorado (Boisvert et
al. 2005). Lek sites are typically located in
small openings in shrubland habitats that have
greater topographic relief relative to the local
surrounding area (Oedekoven 1985, Giesen
and Connelly 1993); CSTG leks often occur in
denser and taller shrub stands relative to other
lekking grouse species such as Greater Sage-
Grouse (Centrocercus urophasianus; Klott and
Lindzey 1989). In Wyoming, CSTG breeding
habitats within 1.0 km of a lek were character-
ized as having greater herbaceous (grass and
forb) understory, with lower total shrub cover,
but greater frequency of snowberry (Sym-
phoricarpos sp.) relative to adjacent potential
breeding habitats (Oedekoven 1985). Due to
their relative vicinity to other seasonal habi-
tats, leks represent an important habitat for
CSTG populations. Disturbances during the
lekking period (noise and human presence)
reduced attendance of female Plains Sharp-
tailed Grouse (T. p. jamesii) and may limit
annual population productivity when limited
breeding occurs at disturbed lek sites (Bay-
dack and Hein 1987). Habitat loss and conver-
sion of vegetation communities are major fac-
tors resulting in declining CSTG populations
(Giesen and Connelly 1993). As such, protec-
tion of leks and breeding habitats is critical to
ensure viable habitats for CSTG population
persistence. Twenty-seven lek sites have been

identified in south central Wyoming, but there
are potentially other unknown leks in the area
(T. Mong, personal communication, 2013).
Grouse that visit these leks represent the only
known CSTG breeding population in Wyoming.
    We sought to (1) identify habitat character-
istics that influenced lek site selection by
CSTG, (2) identify areas that had a high prob-
ability of lek occurrence, and (3) locate previ-
ously undocumented leks in south central Wyo -
ming. Our primary objective was thus centered
on identifying, through modeling, the suite of
variables and the scale at which those vari-
ables occurred at CSTG lek sites. Our second
objective was to use this information to iden-
tify unknown Columbian Sharp-tailed Grouse
leks within the species’ distribution range in
Wyoming. We used both aerial infrared (AIR)
technology and ground surveys to search for
new leks. AIR surveys have been used suc-
cessfully to count CSTG at leks in southeast-
ern Idaho (Gillette et al. 2015).
    In a GIS framework, we compiled a suite of
anthropogenic and environmental predictor
variables on the basis of a priori information
obtained from previous research on CSTG lek
sites (e.g., Klott and Lindzey 1989; Table 1).
We derived land cover and vegetation vari-
ables from the USDA Forest Service LAND-
FIRE Existing Vegetation Type raster data set
to estimate shrub cover, shrub height, and
land cover type for big sagebrush (Artemisia
tridentata), shrub, and forest land cover. (30-m
resolution; LANDFIRE 2013). To estimate
total shrub cover and height, we reclassified
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    TABLE 1. Variables used in model selection analysis evaluating Columbian Sharp-tailed Grouse lek habitat selection in
south central Wyoming.

Variable name Description

Environmental
Shrub_C Mean shrub cover (%; USDA and USDI 2013)
Shrub_H Mean shrub height (cm; USDA and USDI 2013)
BSage Proportion of big sagebrush land cover (Artemisia tridentata; USDA and USDI 2013)
Shrub Proportion of shrub land cover (USDA and USDI 2013)
Forest Proportion of forest land cover (USDA and USDI 2013)
NDVI Normalized difference vegetation index derived from NAIP imagery (USDA 2012)
Sand Soil sand (%) from STATSGO soil data (Hanser et al. 2011)
Aspect Mean aspect derived from 30-m digital elevation map (DEM; USGS 2011)
RatDem Ratio of local elevation (30-m, USGS 2011) to the average elevation at each analysis

region. Values were multiplied by 1000 for ease of interpretation. 
TRI Mean topographic ruggedness index (Riley et al. 1999)
TWI Mean topographic wetness index (high values = increased soil moisture; Theobald 2007)

Anthropogenic
DistBa Surface disturbance area (bare ground resulting from vegetation removal): combination 

of energy infrastructure (energy well sites, compressor sites), and human dwellings
EucDistBa Euclidean distance (m) to nearest disturbance



the LANDFIRE data set so that cover (%) and
height (cm) values were set to equal the mid-
points of cover or height categories from the
existing data (e.g., Scholer et al. 2014). We
used a 30-m digital elevation map (DEM;
USGS 2011) to calculate slope, a topographic
ruggedness index (TRI; Riley et al. 1999), and
a topographic wetness index (TWI; Sørensen
et al. 2006). We followed the Wyoming Den-
sity Disturbance Calculation Tool (DDCT)
protocol to create disturbance layers that quan-
tified areas of bare ground resulting from
removal of vegetation. Disturbances included
energy infrastructure, roads, and nonenergy-
related disturbance such as human structures.
We obtained road data for Wyoming from the
U.S. Geological Survey (O’Donnell et al. 2014).
We manually digitized remaining distur-
bances using 2012 NAIP imagery and buffered

major and minor roads by 10 m and 3 m,
respectively.
    We employed a use-availability design
(Manly et al. 2002) to compare known CSTG
leks to available locations constrained by the
predicted distribution of CSTG in Wyoming
developed previously from historical occur-
rence records (Fig. 1; Keinath et al. 2010). We
randomly generated 40 times the number of
known lek locations to adequately characterize
available habitats (Northrup et al. 2013) across
the predicted distribution (4887 km2) of CSTG
in south central Wyoming (Keinath et al.
2010). Variables were evaluated at 3 spatial
scales around used and available points: 0.25-
km radii (0.20 km2), 0.50-km radii (0.79 km2),
and 2.0-km radii (12.57 km2). We chose these
scales to encompass the area immediately sur-
rounding a lek, the daily movement of CSTG
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    Fig. 1. Predicted probability of Columbian Sharp-tailed Grouse (CSTG) lek site occurrence in south central
Wyoming. This map depicts a resource selection function that was binned into 2 quantiles of predicted relative proba-
bility of occurrence. Areas depicted in gray shades represent the highest (high and medium-high occurrence) and lowest
(medium-low and low occurrence) predicted probability bins overlaid with previously known CSTG leks and newly
discovered CSTG leks. All previously undocumented Sharp-tailed Grouse leks were documented from ground surveys
in April and May 2015.



during the breeding season, and the distance
within which the majority of females nest in
proximity to leks (Giesen and Connelly 1993).
    We used 2nd-order Akaike’s information
criterion (AICc) adjusted for small sample
sizes to assess model support. For all scale-
dependent variables, we examined the spatial
scales described above to determine the scale
that was most correlated to CSTG lek occur-
rence by testing each variable scale individu-
ally and comparing AICc scores (Arnold 2010).
For each variable, we retained the scale with
the lowest AICc score corresponding to the
greater predictive potential (Burnham and
Anderson 2002). We removed unsupported
variables based on whether 85% confidence
intervals (CIs) around odds ratios included 1
(Hosmer and Lemeshow 2000, Arnold 2010).
An odds ratio of 1 indicates no significant dif-
ference between used and available habitat
units (Hosmer and Lemeshow 2000). We used
variable screening to remove unsupported
predictor variables, thereby reducing the like-
lihood of overfitting models in the model
selection process (Burnham and Anderson
2002, Arnold 2010). For the remaining vari-
ables, we computed a Pearson’s correlation
matrix to test for multicollinearity among pre-
dictor variables and omitted one of each cor-
related variable when correlation coefficients
(r) were ≥|0.6|. We checked for stability and
consistency of regression coefficient estimates
when variables were moderately correlated
(|0.3| ≤ r ≤ |0.6|). If variables were corre-
lated, the variable with the lowest AICc score
was retained. We did not permit correlated
variables to compete in the same model at any
level of model selection. Following the initial
variable screening procedure, we explored
all variable combinations (Burnham and Ander-
son 2002) to determine the most predictive
model. When a single top model was not evi-
dent based on the weight of evidence (wi), we
model-averaged to estimate coefficients, stan-
dard errors, confidence intervals, and odds
ratios for each variable in the candidate set
(Burnham and Anderson 2002). We performed
a 5-fold cross-validation to evaluate goodness-
of-fit for our best model (Boyce et al. 2002).
All statistical analyses were conducted with R
statistical software (R Development Core Team
2011).
    We mapped the final occurrence model
with 30-m pixel resolution across the study

area. For interpretation, the final occurrence
resource selection function (RSF) models were
mapped with values rescaled between 0 and 1
(linear stretch; DeCesare et al. 2012) where
1 represented the highest and 0 represented
the lowest predicted probability of occur-
rence. We distributed the predicted occurrence
probabilities into 2 quartiles on the basis of
percentile breaks in predicted probabilities
(Fig. 1; Sawyer et al. 2006). We used the pre-
dictive surface map to conduct aerial infrared
flights (cooled thermal imager positioned in a
fixed-wing aircraft; Owyhee Air, Murphy, ID).
During the morning hours (5:30–8:30) on 13,
14, and 19 April, pilots conducted AIR flights
following standard survey protocols (J. Romero,
Owyhee Air, personal communication, 2015)
across approximately 572 km2 (surveying
approximately 200 of the 320 km2 that were
predicted to have high or medium-high CSTG
lek occurrence, and 372 km2 that were pre-
dicted to have medium-low to low occurrence;
Fig. 1). AIR flights were performed in pre-
dicted high and low lek occurrence areas to
validate our models. That is, we expected that
more previously undocumented leks would
be located in predicted high or medium-high
CSTG lek occurrence than in predicted
medium-low to low lek occurrence areas. Dur-
ing 13–17 April, and 30 April–4 May 2015, we
performed ground searches opportunistically
in areas with limited access (i.e., few roads)
during morning hours (5:30–9:00). Ground
searches consisted of a single observer walk-
ing and listening for CSTG vocalizations.
These efforts supplemented aerial infrared lek
searches, and were not considered a compre-
hensive coverage of potential lekking sites. We
considered a lek to be independent and newly
discovered if it was ≥0.80 km from previously
documented lek locations. This designation
was to avoid the possibility that some leks
occur in complexes and change locations on a
yearly basis (Schroeder et al. 2000).
    Competitive models that best explained
CSTG lek locations contained 7 predictor
variables across 3 spatial scales. Nineteen
models were competitive with the top model
(ΔAICc = 0.37–4.49) and were retained for
model selection. Model-averaging indicated
that the 95% confidence interval for the odds
ratio estimate of Shrub_H2000m, RatDem500m,
TRI2000m, and EucDistBa250m overlapped 1
(Table 2); therefore, we considered those
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variables to be less informative than
Shrub_C2000m, BSage2000m, and Sand250m. A
10% increase in shrub cover within 2000 m
resulted in an increase in relative probability
of lek site presence by approximately 86.7%.
For every 1% increase in sand soil content
within 250 m, the relative probability of a
lek increased by approximately 58.9%. An
increase in 10% of the proportion of land
cover dominated by big sagebrush habitats
within 2000 m decreased the relative proba-
bility of a lek site by 32.7%. The interpreta-
tions of change in odds ratios (selection proba-
bilities) per unit change in variables were
calculated as the median change in odds bound
by the range of values for that variable, with
other variables in the model held at their
mean values. Cross-validation indicated that
our best model was a strong, positive predic-
tor of CSTG lek occurrence (rs = 0.97).
    Through ground surveys, we located 6 pre-
viously undocumented CSTG leks (Fig. 1.).
Four of the 6 leks identified occurred in
areas that were predicted to have a high
probability of lek occurrence. These new leks
increased the number of known CSTG leks
in south central Wyoming by 22%. No CSTG
leks were located with AIR; however, AIR
searches identified 4 potential Greater Sage-
Grouse leks that were previously undocu-
mented; 1 lek was subsequently verified from
the ground.
    Our research formed initial improvement
in the knowledge of CSTG population status
and habitat characteristics in south central
Wyoming. This work may lead to further
investigations that assess seasonal habitat
selection patterns of CSTG and the potential
consequences of alterations to habitats used
by CSTG populations. Most importantly, this
analysis provided a better understanding of
CSTG abundance and population status in

south central Wyoming, which is fundamental
to the conservation of CSTG in this region.
    Our research not only provides local man-
agers with identification of additional CSTG
leks in south central Wyoming, but also pro-
vides a similar method to improve identifica-
tion of unknown lek sites for prairie grouse
species in other western states and provinces.
Similar methods have been used to identify
lekking locations for Greater Prairie Chickens
(Tympanuchus cupido) in Kansas (Gregory et
al. 2011). Given the high costs of locating new
leks (Gillette et al. 2015), this framework pro-
vides a method to refine search areas to iden-
tify the relative probability of occurrence of
lekking habitats, thereby potentially maximiz-
ing the use of limited financial resources for
lek identification and subsequent monitoring.
Unfortunately, we were unable to locate previ-
ously undocumented CSTG leks with AIR.
Gillette et al. (2015) found no differences in
counts of 25 CSTG leks between ground-
based and AIR methods in Idaho, suggesting
AIR is a useful method for estimating CSTG
lek attendance. Through conjecture, we pre-
dicted that the high precision of AIR for
counting CSTG leks would make AIR equally
useful for locating unknown lek sites. How-
ever, the majority of leks located in the study
area of Gillette et al. (2015) consisted of Con-
servation Reserve Program (CRP) lands inter-
spersed with mixed shrub communities. Most
known leks in our study area occurred in rela-
tively tall stands of dense shrub communities
that potentially contain more escape cover for
CSTG. Therefore, it is likely that differences
in plant communities influence the ability of
AIR to identify CSTG concentrations in our
study area, where very dense shrub communi-
ties may limit the application of AIR.
    CSTG and Greater Sage-Grouse co-occur
in our study area (Klott and Lindzey 1989, 1990);
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    TABLE 2. Parameter estimates and odds ratios for variables that were included in the top model depicting Columbian
Sharp-tailed Grouse lek occurrence in south central Wyoming, 2015.

                                                                                    95 % CI                                                                       95% CI                                                                    ______________________                 Odds                 ____________________
Parameter Estimate Lower Upper ratio Lower Upper

Shrub_C2000m 0.153 0.080 0.227 1.166 1.083 1.255
Shrub_H2000m 0.024 –0.009 0.057 1.024 0.991 1.059
Bsage2000m –4.104 –5.747 –2.462 0.017 0.003 0.085
Sand250m 0.046 0.009 0.084 1.047 1.009 1.088
RatDem500m 0.056 –0.018 0.129 1.057 0.982 1.138
TRI2000m –0.018 –0.058 0.023 0.983 0.943 1.023
EucDistBa250m –0.006 –0.012 0.000 0.994 0.988 1.000



by searching for CSTG leks, we simultaneously
located previously unknown sage-grouse leks.
The additional benefit of locating new sage-
grouse leks may be realized in other states
(Colorado, Idaho, Nevada, Oregon, Utah, and
Washington) where the 2 species co-occur
(Hoffman and Thomas 2007).
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