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EXECUTIVE SUMMARY 

During April 2019, we captured 41 female greater sage-grouse (Centrocercus urpophasianus; 

hereafter ‘sage-grouse’) using spotlighting techniques and collected blood samples from each for 

West Nile virus screening. Blood was also sampled from 48 sage-grouse in 2018. West Nile 

virus screening of 89 blood saturated Nobuto filter strips using enzyme-linked immunosorbent 

assay (ELISA) resulted in 4 ELISA-suspected samples of which 2 were confirmed positive via a 

plaque reduction neutralization test (PRNT). We fitted all captured females with rump mounted 

Global Positioning System (GPS) Platform Transmitting Terminals (PTTs) equipped with VHF 

transmitters. Twenty females captured in 2018 were alive with functioning PTTs in April 2019 

when we equipped 41 more. 

We located 82 nests of 54 females (55 first nests, 25 second nests, 2 third nests). The mean date 

of incubation initiation for firsts nests was 01 May (range = 21 April – 30 May). Mean date of 

incubation initiation for second nests was 21 May (range = 05 May – 05 June). The range of 

incubation initiation dates for third nests was 25 May – 06 June. Annual apparent nest success 

was 0.3. Modeled nest survival accounting for nests that failed prior to discovery was 0.2 ± 0.05 

SE.  

We conducted vegetation sampling at all 82 nest sites and 44 random points using the vegetation 

sampling component of the Assessment Inventory and Monitoring (AIM) protocol used by 

Bureau of Land Management Glasgow Field Office to monitor ecosystem health. Initial 

comparisons of vegetation-based measurements at nest and random plots demonstrate a potential 

signature of differential use. Cover percentages were higher at nest sites than at random sites and 

vegetation conditions at random sites was more variable for six of the eight percent-cover 

measurements evaluated. The mean ± SD bare ground cover was 18.1 ± 13.1% and 28.9 ± 20.3% 

at nest sites and random sites, respectively. Mean ± SD foliar cover was 61.2 ± 16.3% at nest 

sites vs. 55.0 ± 21.8% at random sites. Mean total ground cover ± SD was 58.0 ± 17.8% at nest 

sites and 46.1 ± 24.7% at random sites. Mean total litter ± SD was 40.0 ± 16.5% at nest sites and 

34.9 ± 23.6% at random sites.  Mean ± SD percent-basal cover was 6.9 ± 13.6% at nest sites vs. 

3.7 ± 8.6% at random sites; in this case variability was higher at nest sites. 

The mean ± SD woody-vegetation height at nest sites versus random sites was 22.7 ± 10.8 cm vs. 

26.8 ± 22.5 cm. Mean ± SD herbaceous-vegetation height at nest sites versus random sites was 

28.5 ± 6.4 cm vs. 32.0 ± 12.8 cm. Mean ± SD vegetation height at nest sites versus random sites 

was 26.6 ± 7.2 cm vs. 30.9 ± 14.4 cm. Mean species richness at nest sites versus random sites 

was 38.9 ± 9.8 species vs. 36.6 ± 15.3 species.  

As of 30 November 2019, 35 of 86 PTT equipped females have died. Three females were 

suspected of losing their transmitters and 11 transmitters have ceased providing locations.  As of 

01 December 2019, 109,561 geographic locations of females have been recorded from satellite 

transmitters and we began acquiring and processing geospatial layers representing habitat 

conditions. Locations will be used for landscape-scale resource selection analyses, classification 

of movements and home range characterization for multiple seasonal periods.  

The median ± SD size of home ranges during 15 April – 14 August was 756 ± 3,691 hectares (n 

= 52, range = 134 – 15,007 ha). During April 2018 – December 2019, we observed substantial 

variation among individuals and seasons in female movement activity. Variation during April – 



June was partially due to different reproductive activities among individuals such as nesting and 

non-nesting or brood rearing and not brood rearing. Variation later in the year was likely due to 

variation in seasonal space use and migratory behavior among individuals. Despite the 

confounding influence of differential reproductive and migratory behaviors some general 

movement patterns were apparent. During 18 June – 24 September 2018 and 01 July – 23 

September 2019, the ranges of twice-daily step lengths were 399.7 – 576.6 m and 375.3 – 487.7 

m, respectively. The lowest variability in step lengths among individuals occurred during these 

same time periods with SDs in the range 159.4 – 323.1 m in 2018 and 159.2 – 212.4 m in 2019. 

In both 2018 and 2019, there was a spike in movement activity starting in the final days of 

September. During 21 October – 04 November 2019 the bi-weekly median ± SD of net squared 

displacement (NSD) values for all females was 84.9 ± 377.6 km2, over double that of any bi-

weekly-median NSD values documented since the second half of March when sage-grouse had 

moved back to their breeding areas. Displacement from breeding areas continued to increase 

through November.  Sage-grouse tended to maintain winter home ranges that were spatially 

distinct from summer home ranges. The mean ± SD Euclidean distance between home ranges 

during 15 April – 14 August and 01 December – 24 December was 17.3 ± 10.2 km (n = 34, 

range = 1.0 – 43.2 km). The median ± SD size of home ranges during the same December period 

was 1385.2 ± 1463.3 hectares (n = 34, range = 324.2 – 5,775.6). 

Estimated (± SE) annual survival of sage-grouse in 2018 was 0.48 ± 0.08. We observed a major 

pulse of mortality during August and early September and mortality was very low through the 

winter. During 17 March – 29 May 2019, there was another substantial pulse of mortality; this 

period corresponds with movements made from winter habitat to leks and nesting habitat.  

Initial comparisons of vegetation measurements at failed and hatched nests demonstrate possible 

vegetation effects on nest success (Table 4). The mean ± SD percent-bare ground at failed nests 

versus hatched nests was 19.2 ± 14.3% vs. 15.7 ± 9.3%, respectively. Mean ± SD litter under-

plant cover at failed nest versus hatched nests was 25.3 ± 15.9% vs. 29.3 ± 14.9%. Mean ± SD 

ground cover under-plant cover at failed nests versus hatched nests was 35.9 ± 20% vs. 40.9 ± 

17.5%. The mean ± SD total ground cover at failed nests versus hatched nests was 56.4 ± 18.8% 

vs. 61.8 ± 14.4%. 

The average heights and height variability were lower at failed nests versus hatched nests for 

both woody and herbaceous vegetation. The mean ± SD woody-vegetation height at failed nests 

versus hatched nest was 21.5 ± 8 cm vs. 25.6 ± 15.23 cm. Mean ± SD herbaceous-vegetation 

height at failed nests versus hatched nests was 27.4 ± 5.7 cm vs. 31.2 ± 7.1 cm. Mean ± SD 

vegetation height at failed nest versus hatched nests was 25.5 ± 5.6 cm vs. 29.2 ± 9.7 cm. Mean 

species richness at failed nests versus hatched nests was 38.4 ± 9.4 cm vs. 40.1 ± 10.7 cm. 

 

  



RESOURCE SELECTION, SPACE USE, DEMOGRAPHY AND MOVEMENTS OF 

GREATER SAGE-GROUSE IN SOUTH VALLEY COUNTY, MONTANA 

2019 Annual Report 

OBJECTIVES 

Objective 1.  Identify factors influencing space use and seasonal habitat selection by sage-

grouse corresponding to important life history stages.   

Accomplishments 

If we assume that areas most likely to be used by sage-grouse are providing crucial resources for 

the survival and reproduction of individuals, then mapping these areas is important for 

delineating suitable seasonal habitats. To evaluate and map habitat use we will estimate the 

spatially-explicit relative probability of use by female sage-grouse in south Valley County. 

The constant monitoring afforded by the GPS PTTs will allow us to develop habitat uses maps 

for 5 seasonal periods of time: nesting, early brood rearing, late summer, fall, and winter. The 

exact definition of each season will be determined by the movement analyses discussed above 

and what is known about the biology of sage-grouse.  

We will use RSFs to test for habitat-component associations that we hypothesize exist for our 

population of female sage-grouse. Our RSF models will require two types of data: the locations 

of female sage-grouse or nests and environmental variables known or suspected to be 

components of sage-grouse habitat.  

Understanding which environmental factors and gradients define a species’ habitat can suggest 

regions of the landscape that promote population persistence. Ecologically useful criteria must 

address how sage-grouse respond to ecogeographical realities while attempting to maintain a 

high fitness. Therefore, it is important to consider life history stages that represent critical vital 

rates such as nesting and brood rearing (Taylor et al. 2012). Identification of resource gradients 

and factors that are measurable and have a quantifiable association with a species’ demographic 

parameters or behavior will help define habitat. Quantified associations can then be compiled 

into a metric that represents some component of the true N-dimensional functional habitat 

(Gaillard et al. 2010).  

To partially define functional habitat we can quantify patterns of disproportionate use of 

environmental variables by animals. Resource selection functions (RSFs), combined with a 

Geographic Information Systems (GIS), offer a powerful modeling approach for estimating the 

relative probability of use for any given area on the landscape (Boyce et al. 2002, Johnson and 

Seip 2008, Johnson et al. 2006, Manly et al. 2002). A sufficient sample of accurate and precise 

animal locations and ecologically relevant habitat variables is needed to develop useful RSFs. 

Thanks to advancements in animal tracking technology abundant relocations of animals can be 

obtained with Global Positioning System (GPS) receivers affixed to animals. Technological 

improvements in the fields of remote sensing and image analysis have substantially improved the 

quality and specificity of geospatial habitat variables to which animals may be responding 

(Homer et al 2012; Jones et al. 2018; Robinson et al. 2017; Urbano et al. 2010).  

In the case of a well-studied species such as sage-grouse, many important habitat response 

patterns have been documented but the broad application of inferences has proven difficult 
(Connelly et al. 2000). The imperfect correspondence of inference and poor transferability of 



management guidelines across studies is largely due to the landscape-scale scope of sage-grouse 

space use and the hierarchical selection processes that vary across regions and individuals. Sage 

grouse exhibit varied phenologic requirements that are met by the extremely heterogeneous and 

varied composition of sagebrush-steppe ecosystems. Sagebrush ecosystems are highly variable 

within and between regions occupied by sage-grouse (Connelly et al. 2004). 

An understanding of the distribution and requirements of the south Valley County population 

will benefit from research that focuses on the hierarchical and multi-scale nature of female sage-

grouse habitat use in that region. (Aldridge et al. 2012; Doherty et al. 2010; Walker et al. 2015). 

The abundant relocation data afforded by our GPS PTTs will allow us to evaluate sage-grouse 

movements and space use throughout the year and by time of day (Fig. Error! Reference source 

not found.). Movement trajectories can be constructed from the GPS location data. The analysis 

of movement trajectories provides insights about grouse movements which are driven by various 

behaviors and habitat responses (van Toor et al. 2016). Identification of movement processes can 

be accomplished through the segmentation of a trajectory into parts with homogeneous 

characteristics which can then be classified into behavioral states (Calenge et al. 2009, Madon 

and Hingrat 2014.). Trajectory analysis can also provide empirical estimates of parameters for 

animal movement constraints that can be incorporated into definitions of resource availability for 

resource selection analyses (Northrup et al. 2013.).  

Some movement patterns that differ among sage-grouse may be tied to life-history characteristics 

such as age or sex. Other movement patterns could be the manifestation of inherited behavioral 

traits that are independent of life-history characteristics. Additional hypotheses for variation in 

movement behavior include learned behavior, such as traditional migrations, or adaptive 

responses to environmental cues.  

After we establish empirical categories of movement behavior among individual grouse, then we 

may examine the predictions that follow from the hypotheses listed above. When distinct 

movement classes are identified they will be accounted for in our habitat selection analyses. For 

instance, we may remove exploratory moments or structure models with interactions between 

types of movement and resource use.  

Methods 

During April 2019, we captured female sage-grouse using spotlighting techniques (Giesen et 

al.1982, Wakkinen et al. 1992). We focused our trapping efforts on 4 watersheds within the 

study area: Willow Creek, Little Beaver Creek, Antelope/Brazil Creek, and Larb Creek. 

Captured females were banded with a size 12 leg band inscribed with a unique ID number and a 

contact phone number. Standard morphometrics were recorded and blood was collected from 

toenail clippings on Nobuto blood filter strips (Dusek et al. 2014). A 22-g solar powered Global 

Positioning System (GPS) Platform Transmitting Terminal (PTT; model GT-22GS-GPS, 

GeoTrak, Inc., Apex, NC, USA) was attached to each bird using a rump-mounted harness 

(Rappole1991). All PTTs were programmed to collect 4.0–8.0 locations every day and upload 

data every 1.5–3.0 days to the Argos satellite system. PTT performance was specified separately 

for different seasons. Our most aggressive programming for a season occurred 11 March – 1 

September; PTTs attained up to 8.0 fixes every day and uploaded data to the Argos system every 

37 hours. All animal handing was approved under Montanan State University’s Institutional 

Animal Care and Use Committee (protocol # 2017-57)  



During the breeding season females were monitored by downloading GPS fixes and other PTT 

sensor data from Argos system servers every 3-5 days. We used multiple lines of evidence to 

infer female status. Localization of a PTT indicated either a nesting female, a dead female, or a 

dropped PTT. The PTTs are equipped with an activity sensor which indicates if the PTT is 

experiencing motion. Static activity sensor readings could indicate a mortality or dropped PTT. 

The visitation of nest sites can lead to observer bias (Gibson et al. 2015). We only visited 

localization sites if female status was uncertain. During the nesting season a localization was less 

likely to indicate a mortality. In most cases incubation recesses would also be evident in the GPS 

fix data (Coates and Delehanty 2008). If incubation recesses were observed then mortality was 

ruled out. If a mortality was indicated we would verify with a field visit and record the condition 

of carcass remains including evidence of predation (Blomberg et al. 2013). 

We had 6 nests where egg-laying and incubation-recess movement patterns were not evident 

from the GPS fix data. We investigated these localization points to look for signs of predation or 

a dropped transmitter. In one case a time-consuming investigation found no evidence of 

predation but we were not able to visually locate a nesting female. We left the area and many 

days later observed an incubation recess when reviewing the GPS fix data. During two of these 

investigations we accidentally flushed the incubating female. One flushed female resumed 

incubation after ~ 12 hours and the nest was predated 5 days later. The other female resumed 

incubation the same day and the nest was predated 12 days later. Most nests were not 

investigated until we determined that a female had abandoned the nest site. After abandonment, 

we located the nest and recorded evidence as to whether the eggs successfully hatched. Hatching 

was indicated by eggs with detached membranes and eggshells that were consistent with being 

pipped by chicks (Rearden 1951). We considered a nest successful if ≥1 egg had hatched. 

The mean ± SD number of days between hatch date or expected hatch date and execution of 

vegetation sampling was 7.8 ± 6.6 d (n = 82, range = 0.0 – 44.0). Vegetation sampling was 

conducted with a radial spoke design at 3 25-m transects placed at 0 degrees, 120 degrees, and 

240 degrees with respect to the nest bowl. Line-point-intercept (LPI) observations were made 

every 0.5 m along each transect; we recorded the genera and in most cases the species of every 

plant that was intercepted by the drop of a 2-mm metal rod. Every 2.5 m along a transect and 

within an imagined 30 cm cylinder projected tangentially from the edge of the transect we 

recorded the height and species of the tallest woody and herbaceous plant. We took canopy gap 

intercept measurements following the methods in the Monitoring Manual for Grassland, 

Shrubland, and Savanna Ecosystems where both annual and perennial vegetation could stop a 

gap (Herrick et al. 2017). We additionally performed the canopy gap protocol but enforced the 

rule that only Artemisia tridentata wyomingensis and Artemesia cana could break a gap. 

Artemisia tridentata wyomingensis and Artemesia cana were the only sagebrush species that 

offered substantial structural cover in our study area. For the final step of our vegetation 

sampling protocol we performed a plant species inventory where we searched back and forth 

between each of the three sections of our spoke design plot layout (Herrick et al. 2017). Data 

were recorded on published data sheets and then entered into the Database for Inventory, 

Monitoring and Assessment (DIMA).  

To establish the sampling points for our random plots, we created an unsupervised classification 

of our study area using Landsat 8 imagery. Cover classes such as the linear mesic areas that lie in 

the bottom of swales could be undersampled without a stratified sampling scheme that 

incorporates rare classes. The Landsat imagery was captured 15 May 2018. A k-means classifier 



was used to identify 11 categories that correspond to unique spectral profiles. Spectral classes 

should represent information classes corresponding to distinct ground cover categories present in 

our study area (Gao 2009). We compared our k-means classes to multiple years of NAIP imagery 

and soil maps to ensure that they possessed reasonable biogeographic information about ground 

cover. We then used the k-means classification as the basis for generating a stratified random 

sample of points throughout the study area. We stratified on spectral classes and then randomly 

selected 4 points per class. 

We compared summary statistics between nest and random plots to assess apparent selection of 

vegetation characteristics. Data were exported from our DIMA as raw detail data or plot 

summaries and then read into R. Statistics for nest sites and random plots were calculated from 

individual plot summaries. Plot-species richness was calculated as the total number of unique 

species hits on LPI transects plus those encountered during species inventory. Bare ground was 

calculated as the number of points where nothing was intercepted except soil, divided by the total 

number of points. Foliar cover was calculated as the number of points with a plant code recorded 

in the top layer, divided by total number of points. Basal cover was calculated as the number of 

basal vegetation hits divided by total number of points. Total litter cover was calculated as the 

number of points where litter was intercepted at least once, divided by the total number of points. 

Ground cover between-plant cover was calculated as the number of points that do not meet the 

criteria for foliar cover or bare ground, divided by total points. Litter between-plant cover was 

calculated as the number of litter intercepts where there was no top canopy plant intercept, 

divided by total points. Litter or ground cover under-plant cover were calculated as the 

proportion of points where litter or some non-soil cover was intercepted beneath a top-layer 

plant. Total ground cover was calculated as the proportion of points where a ground cover 

(including litter) was intercepted at least once. Total litter was calculated as the proportion of 

points where litter was intercepted at least once. Average woody height was calculated as the 

average of all points for a woody species. Average herbaceous height was calculated as the 

average of all points for a herbaceous species. Average vegetation height was calculated as the 

average of all points where height was recorded for any plant species. Summary statistics are 

pooled for plots conducted in 2018 and 2019.  

Analyses of brood habitat use will require knowledge of brood phenology. In 2019, we 

monitored females with successful nests and conducted pre-dawn brood counts to ascertain if a 

female was with brood. Females with broods were located with recent PTT locations and then 

Yagi antennas and receivers. All VHF transmitters deployed in 2018 had failed by April 2019 so 

no brood checks were conducted on females outfitted with PTTs in 2018. Brood checks were 

conducted at 2-week intervals after hatch date for up to 6 weeks (3 checks). When no chicks 

were detected we re-conducted the check within 5 days if the female exhibited defensive 

behavior consistent with brooding. If females immediately flushed out of the vicinity and no 

chicks could be located the brood was recorded as unsuccessful. Brood checks were not 

performed on exact 2-week intervals due to logistical constraints such as weather delays.  

The abundant relocation data provided by PTTs requires well organized and well documented 

data manipulation procedures. We export all data from Microsoft Access using an SQL query 

and then imported the data directly into R (R Version 3.5.1, www.r-project.org, accessed 21 Aug 

2018) where it is manipulated into a properly formatted dataframe (Wickham 2017). The R 

dataframe object is then manipulated to the required format for a given data analysis package. 



Trajectories with corresponding path characteristics were calculated for every female sage-

grouse from 48 hours after firsts captures in 2018 until either mortality or 30 November 2019. 

The two path characteristics of interest were step length and net-squared displacement (NSD). 

Step length is the Euclidean distance between two consecutive locations. NSD is the squared 

Euclidean distance between the starting location of a trajectory and any subsequent location. 

Trajectory analyses were conducted with the adehabitatLT package in R (Calenge et al. 2009). 

We also used R for data manipulation, quality control, and data-model conversion. The analysis 

of animal trajectory data can require data processing which inserts NA values for missed GPS 

fixes and establishes equal time periods between GPS fixes. For analyses requiring equal time 

periods we subset the data using fixes at 12:00 and 24:00 or 01:00 which corresponds to a 12-hr 

time interval between relocations (twice-daily locations). 

Processed data were used to examine the characteristics of sage-grouse movement trajectories 

and trends in twice-daily movements (2 step lengths per day). To examine the temporal trends in 

step lengths we used a sliding window smoothing function to calculate the mean twice-daily step 

lengths for consecutive relocations. A sliding window width of 10 days was specified to capture 

the central tendency of movements for a 10-day period. The 10-day window width also ensured 

that even with missing values a representative sample of step lengths would be used to calculate 

mean-smoothed values.  

We used locations with 12-hr time lags because step length is an example of a trajectory 

characteristic that has no meaning when computed on locations with unequal time lags. We 

employed smoothing because it can help dampen daily variation in step-length distances and 

therefore enhance the visualization of monthly or yearly trends in trajectory characteristics. In 

addition to trends in smoothed step lengths we examined migratory behavior by plotting the net-

squared displacement of female sage-grouse as a function of time. We binned mean-smoothed 

twice-daily step length values and NSD values using 2-week bin widths for 04 April 2018 – 18 

November, 2019. A bi-weekly-median ± SD smoothed step length and bi-weekly-median NSD 

was calculated, for all grouse combined, over the resultant 41 intervals. We also constructed a 

time series of boxplots illustrating the central tendency and variation in smoothed step-length 

values for the bi-weekly intervals.  

We delineated home range boundaries and quantified home range sizes using locations from 

birds that had accrued > 250 locations after 15 April 2019 until female mortality or 14 August 

2019. The criteria that females have > 250 locations was imposed to eliminate females with 

either poor transmitter performance or a short observation interval. The rate of relocation accrual 

for a grouse could vary from 0 locations per day to 10 locations per day so at the very minimum 

a bird with 250 locations would have been monitored for 25 days. The number of locations 

attained for an animal as well as the time span over which the locations are attained will have 

bearing on how well the estimates represent an actual home range. The time period of analysis 

corresponds to spring and summer seasons and was prior to long-distance movements that were 

observed during the fall season. We estimated home ranges for females during 01 December – 24 

December 2019 which corresponds to a period when most females had completed movements to 

winter use areas. Data were not yet available for January or February 2019.  Home range core 

areas were estimated and distances between summer and winter core-area centroids were 

calculated for all females with sufficient data for both seasons. If a core area was composed of 

more than one use area a separate centroid was created for each component polygon. We used a 

kernel density estimator with a bivariate-normal kernel to estimate utilization distributions (UD) 



for each of 52 female sage-grouse during the summer and 34 during December.  Home range 

boundaries and related areas were calculated at the 95% contour level for each UD. Home range 

core areas were calculated at the 50% contour level. Home range analyses were conducted with 

the adehabitatHR package in R (Calenge et al. 2006). Distances between summer and December 

core-area centroids were calculated in QGIS (QGIS version 3.2.3, www.qgis.org). Distances 

were averaged in cases where multiple centroids existed for a female.  

National Agriculture Imagery Program (NAIP) data can be utilized to generate pertinent sage-

grouse habitat metrics. We have compiled and reviewed NAIP imagery from 2009, 2011, 2013, 

2015, and 2017. We attempted to generate normalized difference vegetation index (NDVI), 

shrub cover, and barren soil habitat variables using NAIP imagery. We used raster calculator tool 

in QGIS for the calculating NDVI from 4-band NAIP imagery. We used an Orfeo toolbox k-

means unsupervised classifier to classify subsets of the study area into spectrally distinct regions. 

The k-means clustering groups pixels into categories based on spectral similarities. If a ground 

cover type has a sufficiently unique spectral signature then a k-means cluster can be used to 

identify pixels that correspond to a given ground cover (Gao 2009). Broad spatial extent barren 

areas, water bodies or densely vegetated areas are examples of cover types that could be mapped 

using k-means clustering on 1-m 4-band NAIP imagery. Sagebrush cover is an example of a 

ground cover that can be difficult to model based on multi-spectral values alone (Sivanpillai et 

al. 2009). A textural index for shrub cover was calculated with the multi-band variation 

algorithm in SAGA (SAGA version: 2.3.2, www.saga-gis.org). Textural image characteristics 

can be used as ancillary data to augment the classification of ground cover types with a textural 

signature such as sagebrush (Haralick et al. 1973). Image processing has been done to small 

subsets of our total study area in order to determine if the workflow can be scaled up to fit our 

needs. The criteria used to make this decision is whether our computer crashes or takes multiple 

days to complete its task. We have also gathered > 24 GIS data layers and visually inspected 

their suitability as habitat variables for sage-grouse resource selection analyses. 

Results 

We captured and attached GPS PTTs to 8 females near the Willow Creek watershed, 7 in the 

Little Beaver Creek area, 13 in the Antelope/Brazil Creek area and, 13 females outward from the 

Larb Creek staging area (Fig. Error! Reference source not found.). Including sage-grouse 

equipped with PTTs in 2018, we have recorded appropriately 109,561 geographic coordinates as 

of 01 December 2019. The median ± SD of the median number of GPS fixes per female per day 

was 8.0 ± 1.0 (n=63, range = 3.5 – 9.0) during our most aggressive PTT programming season, 11 

March – 1 September, 2019. The performance of the GPS PTTs was variable within a given 

programming season and among units. Some PTTs acquired more fixes some days than others, 

even acquiring no locations for particular days. Some PTTs have exhibited more reliable 

performance (Fig. Error! Reference source not found.). Nevertheless, locations have been 

consistently recorded for pre-nesting, nesting, early brood rearing, late brood rearing and fall 

seasons (Fig. Error! Reference source not found. & Error! Reference source not found.). 

The GPS fixes have been acquired during the day, during crepuscular periods, and during the 

night (Fig. Error! Reference source not found.). The distribution of female relocations was 

relatively well dispersed throughout the sagebrush habitats in our study area indicating 

appropriate coverage of used habitats (Fig. Error! Reference source not found.).  

http://www.qgis.org/


We captured and equipped 41 females with PTTs in 2019. The  PTTs of 20 females captured in 

2018 were still active at the beginning of 2019 for a total on-air sample of 61 females in 2019. In 

2019 we confirmed 11 active broods at ~ 2 weeks, 10 active broods at ~ 4 weeks, and 5 broods at 

~ 6 weeks. The mean ± SD number of days between nest hatching and brood checks was 15.6 ± 

2.2 for 2-week checks, 31.1 ± 10.1 for 4-week checks, and 45.0 ± 10.8 for 6-week checks. 

During the 2019 nesting and brood-rearing season, females that nested exhibited a general 

fidelity to the area where they were captured. Around 67% of nests from grouse captured in 2019 

were < 1 km from the point of capture but some nests were initiated much farther away (Fig. 

Error! Reference source not found.). The median distance ± SD between site of capture and 

nest was 0.6 ± 3.6 km (n=58, range = 0 – 19.4 km).  

Four of the 41 females captured in 2019 never initiated a nest. In 3 instances this may have been 

because they died in April. The other non-nesting female was captured on a nest 23 April 2019 

and did not return to her nest after being equipped with a transmitter. She remained in the general 

area until she died on 15 May 2019.  

Two grouse made movements of 10 – 20 km after capture but most maintained home ranges 

within or near the watersheds in which they were captured. The median ± SD size of home 

ranges during 15 April – 14 August was 756.4 ± 3,690.8 hectares (n = 52, range = 134.4–

15,006.6 ha). Despite the establishment of home ranges, notable shifting within general regions 

of use was observed. Home range shifting often resulted in spatially disparate zones of use (Fig. 

Error! Reference source not found.).  

Movement patterns between years were similar for 2018 and 2019. The lowest median twice-

daily smoothed step lengths of 2018, hereafter movement distances, occurred during 23 April – 

18 June (Table Error! Reference source not found.), which corresponds to the nesting period. 

The lowest movement distances of 2019 occurred during 22 April – 17 June. Variation in 

movement distances during this period were relatively high due to the difference in movement 

patterns between non-nesting females without broods and those who were nesting or brood-

rearing.  

During 18 June – 24 September 2018 and 01 July – 23 September 2019, the ranges of twice-daily 

step lengths were 399.7 – 576.6 m and 375.3 – 487.7 m, respectively. The lowest variability in 

step lengths among individuals occurred during these same time periods with SDs in the range 

159.4 – 323.1 m in 2018 and 159.2 – 212.4 m in 2019 (Table Error! Reference source not 

found., Fig. 9). Lower movement variation at this time could be attributed to favorable habitat 

conditions in selected home ranges across the study area with most grouse maintaining similar 

movement patterns. Some female sage-grouse were also rearing broods at this time which would 

restrict their movements and dampen movement variability (Connelly et al. 1988). The relatively 

consistent movement patterns documented between 2018 and 2019 offer solid grounds on which 

to base criteria for behavior-season specific analyses of habitat use. 

We have investigated the use 24 geospatial layers that can be used to generate habitat variables 

for our resource selection analyses (Table Error! Reference source not found.). NAIP imagery 

will have limited application for the development of landscape scale habitat variables. It is 

feasible to classify barren ground cover and calculate NDVI but image-texture based methods of 

mapping shrub cover have proven to be computationally prohibitive. Processing NAIP data for 

the entire extent of our study area will take an extensive amount of time.  



Landsat imagery may be useful for classifying ground cover categories such as water bodies or 

NDVI at particular times of year. For instance, we have obtained a quality Landsat 8 image that 

was acquired by the satellite on 15 May 2018. We can use the image to derive vegetation indices 

for a time period when females may have been selecting nest sites. A limitation of Landsat 

imagery is that high-quality and full-coverage scenes are not consistently available.  

GIS vector feature files representing fences, ephemeral steams, abandoned structures, roads, and 

waterbodies can be used to generate distances to and densities of these features which could 

influence sage-grouse habitat use. A set of these features was obtained from the BLM Glasgow 

field office. A limitation of these vector features is that their extent does not cover the full extent 

of sage-grouse space-use that we have observed. 

LANDFIRE vegetation products such as existing vegetation cover offer coarse (30-m) spatial 

scale information about the distribution of vegetation and site characteristics across our study 

area. Visual comparisons between NAIP aerial imagery and LANDFIRE information classes 

illustrate numerous discrepancies. Aggregated LANDFIRE classes may be useful as indicator 

variables for habitat types not used by sage-grouse such as agricultural classes or areas with a 

high proportion of tree cover.  

Digital elevation models are available for the full extent of the study area. DEM data will be 

suitable to calculate standard terrain analysis metrics such as terrain roughness, topographic 

position and topographic wetness index.  

The plot level vegetation data collected from 82 nest sites and 44 random plots (Fig. 10) were 

entered into the DIMA. We have been refining the Access queries and R scripts necessary to 

summarize the data and process it for use in resource selection models (Appendix A). We have 

compiled a plant identification list that is specific to the vegetation that we observed in 2018 and 

2019. Our plant identification list is composed of 184 species of forbs, 40 grasses, 4 cacti, 4 

sedges, 1 rush, and 13 sub-shrubs (Appendix B). We also created a corresponding project 

assistant training reference to promote learning of plant identification skills.  

Initial comparisons of vegetation-based measurements at nest and random plots demonstrate a 

potential signature of differential use. Cover percentages were higher at nest sites than at random 

sites and variability was higher at random sites for 6 of the 8 cover measurements that we 

evaluated (Table 3). The mean ± SD bare ground coverage was 18.1 ± 13.1% and 28.9 ± 20.3% 

at nest sites and random sites, respectively. Mean ± SD percent-foliar cover was 61.2 ± 16.3% at 

nest sites vs. 55.0 ± 21.8% at random sites. Mean total ground cover ± SD was 58.0 ± 17.8% at 

nest sites and 46.1 ± 24.7% at random sites. Mean total litter ± SD was 40.03 ± 16.5% at nest 

sites and 34.9 ± 23.6% at random sites.  Mean ± SD percent-basal cover was 6.9 ± 13.6% at nest 

sites vs. 3.7 ± 8.6% at random sites; in this case variability was higher at nest sites.  

Plot averaged heights and height variability were higher at random sites than nest sites for both 

woody and herbaceous vegetation. The mean ± SD woody-vegetation height was 22.7 ± 10.8 cm 

vs. 26.8 ± 22.5 cm at nest sites and random sites, respectively. Mean ± SD herbaceous-vegetation 

height was 28.5 ± 6.4 cm at nest sites vs. 32 ± 12.8 cm at random sites. Mean ± SD vegetation 

height was 26.6 ± 7.2 cm at nest sites vs. 30.9 ± 14.4 cm at random sites. Mean species richness 

was 39 ± 9.8 species at nest sites vs. 37 ± 15 species at random sites.  

Goals for Next Quarter 



We will continue to download and review the GPS fix data from live females. We will continue 

to compile references and metadata to document the accuracy and precision of pre-existing 

landscape-scale habitat variables. We will make initial selections of the geospatial data that we 

will use to model resource use by sage-grouse. Field-site ground cover data will be used to 

evaluate the accuracy of habitat variables selected for use. 

Annual 30-m resolution habitat metrics of shrub cover, perennial cover, annual cover, bare 

ground, and 16-day normalized difference vegetation index (NDVI) have become available for 

our use from the Numerical Terradynamic Simulation Group at the University of Montana. We 

will download and compile this data and begin pairing covariate values to our relocation and nest 

data in order to develop the statistical models of survival and resource selection.  

Our GPS relocation data represents repeated measurements on the same individuals (non-

independent data) and may be autocorrelated. We will research the robustness of models that can 

be employed to evaluate resource selection. We will develop model structures and datasets for 

use with generalized linear mixed models or generalized estimating equations because these 

types of statistical models can accommodate repeated measurements or autocorrelation. We will 

establish the methodology and work-flow to efficiently fit models for each seasonal subset of the 

data. We will continue to refine data manipulation code in Microsoft Access and R to efficiently 

clean and subset the location data for separate seasonal resource selection analyses. 

We will conduct additional quality assessments of vegetation data collected via the AIM protocol 

and calculate a complete set of summary statistics including percentage cover by plant functional 

and growth form. To facilitate analysis of functional groups we will enter the necessary species 

attribute data into our DIMA after consulting with BLM personnel to ensure consistency with 

data collected by BLM field crews. We will then begin formulating a candidate model set with 

vegetation measurements and landscape-grain environmental variables for multi-scale resource 

selection analysis. Starting in January 2020 we will begin hiring the crew needed for field work 

and will begin procuring the supplies, transportation and housing necessary during the 2020 field 

season.  

 

Objective 2.  Evaluate seasonal migration patterns of sage-grouse populations occurring in 

the North Central Montana Sagebrush Focal Area. 

Accomplishments 

Methods 

See trajectory and home range analysis methods presented for objective 1 above.  

Results 

In both 2018 and 2019, there was a spike in movement activity starting in the final days of 

September (Figs. 9 & Error! Reference source not found.). Elevated movement distances at 

this time of year are consistent with migratory behavior. Additionally, by mid-October female-

sage grouse tended to occupy areas further from the regions where they were captured. During 

05 November – 19 November 2018, the bi-weekly median ± SD of NSD values for all females 

(211.9 ± 674 km2), was more than twice that of any bi-weekly-median NSD value documented 

earlier in 2018. During 21 October – 04 November 2019 the bi-weekly median ± SD of NSD 

values for all females (85 ± 375 km2) was also more than twice as great than of any bi-weekly-



median NSD values documented since the second half of March when sage-grouse had moved 

back to the regions where they had previously nested. In both 2018 and 2019, bi-weekly median 

NSD values continued to increase in November (Table Error! Reference source not found., 

Fig. Error! Reference source not found.). Increased movement distances and displacement 

from prior use areas indicate the existence of at least partial migratory behavior in this 

population. The mean ± SD Euclidean distance between home ranges during 15 April – 14 

August and 01 December – 24 December was 17.3 ± 10.2 km (n = 34, range = 1.0 – 43.2 km). 

The median ± SD size of home ranges during 01 December – 24 December was 1385.2 ± 1463.3 

hectares (n = 34, range = 324.2 – 5,775.6), (Fig. 13). 

Goals for Next Quarter 

We will continue to quantify movement path characteristics which will be used to describe 

variation in migratory or home range shifting behavior and will also be used to define seasonal 

activity classes for our habitat use models. For instance, a substantial increase in NSD values in 

November may be used to mark the beginning of winter habitat use. Locations attained prior to 

or during seasonal movement will be excluded from seasonal habitat use analyses.  

 

Objective 3.  Evaluate if shared habitat use between vectors and hosts is associated with 

West Nile infection status. 

Accomplishments 

Methods 

Evaluating the spatial-temporal coincidence of sage-grouse and vectors of West Nile Virus 

(WNV) such as the mosquito Culex tarsalis is particularly important if disease risk to sage-

grouse is evident. We collected blood from all sage-grouse captured to determine the prevalence 

of WNV antibodies in the sage-grouse population. At the time of blood collection Nubuto filter 

strips were dried and placed in paper coin envelopes which were then place in sealed plastic bags 

with desiccant silica packets. The Nobuto strips were stored in a freezer ≤ 3 weeks after being 

collected. On 13 August 2019 Nobuto blood filter strips from 89 females (48 in 2108, 41 in 

2019) were shipped on ice to the National Wildlife Health Center (NWHC) to have them 

screened for WNV. Nobuto strip samples were screened using an enzyme-linked immunosorbent 

assay (ELISA). If samples screened antibody positive then a plaque reduction neutralization test 

(PRNT) was performed. Results from ELISA are determined by P/N values where P/N ≥ 2.00 is 

suspected positive, P/N > 1.5 < 2.00 needs further confirmation by PRNT, and P/N ≤ 1.50 is 

negative. If a PRNT sample results in ≥ 90% reduction in the number of plaques from a virus 

control sample then it is considered positive. It is possible for St. Louis Encephalitis virus 

(SLEV) to cross react with an ELISA. Positive ELISA results were therefore subjected to a 

SLEV PRNT.  

Results 

The ELISA results from 89 Nobuto filter strips indicated that 3 samples were suspected positive 

for WNV and one sample required confirmation by PRNT. WNV PRNT results confirmed two 

samples were positive. None of the 4 samples suspected of being positive after ELISA results 

were SLEV PRNT positive. The 4 ELISA-suspected samples were all from adult birds captured 

in 2019. Three of these 4 females initiated at least one nest. One (also PRNT-positive) of the 4 

females died 6 days after capture and one (also PRNT-positive) likely dropped the PTT on an 



incubation break. The other 2 ELISA-suspected (not PRNT-positive) birds were still alive 

through mid-December.  

Goals for Next Quarter 

WNV has been established as a likely risk factor to sage-grouse in south Valley County. We will 

consult with all parties sampling for the presence of the mosquito vector Culex tarsalis and its 

WNV infection status. If sufficient presence data is available for the study area we will compile 

the necessary climate and landcover data to generate predictions of habitat use and spatially-

explicit WNv risk using a Maximum Entropy Ecological Niche Modelling approach that has 

demonstrated good performance predicting Culex tarsalis presence and WNV risk in Montana 

(D. Grant Hokit, S. Alvey, J. Glowienka, G. D. Johnson, Carroll College, Helena, Montana, 

unpublished report).  

 

 

Objective 4.  Delineate important seasonal sage-grouse habitats within the North Central 

SFA. 

Accomplishments 

Our methodology and results which address the evaluation of space-use and seasonal habitat 

selection lead directly to our methodology for delineating habitat. Seasonal habitat will be 

mapped by predicting habitat use as a function of geospatial variables using fitted resource 

selection models.    

Methods 

See Objective 1.  

Results 

Data collection is not complete.     

Goals for Next Quarter 

We will compile geospatial data for habitat selection modeling while ensuring that the spatial 

extent of data layers is sufficient for our subsequent mapping effort. Input from project 

collaborators and computational feasibility will be considered but concerns with spatial 

extrapolation outside the habitat variation observed during the study will be given priority.     

Areas such as large water bodies, forests, and urban areas will not be considered available habitat 

in our RSF analyses and will be masked from our habitat maps.  

 

Objective 5. Conduct preliminary assessments of important demographic parameters for 

sage-grouse in the North Central SFA and quantify associations with biotic and abiotic 

habitat conditions and disease risk. 

Accomplishments 

Methods 

Females were monitored by downloading GPS fixes and other PTT sensor data from Argos 

system servers every 3-5 days. We used multiple lines of evidence to infer female status. 

Localization of a PTT indicated either a nesting female, a dead female, or a dropped PTT. Each 



PTT is equipped with an activity sensor indicating whether a PTT is experiencing motion. Static 

activity sensor readings could indicate a mortality or dropped PTT. The visitation of nest sites 

can lead to observer bias (Gibson et al. 2015). We only visited localization sites if female status 

was uncertain. During the nesting season, a localization was less likely to indicate a mortality. In 

most cases incubation recesses would also be evident in the GPS fix data (Coates and Delehanty 

2008). If incubation recesses were observed, then mortality was ruled out. We verified all 

potential mortalities via field inspection and record the condition of carcass remains including 

evidence of predation (Blomberg et al. 2013). 

We estimated the date of incubation initiation for each confirmed nest by reviewing GPS data. 

Nest fate was verified in the field when a female had moved off the nest for ≥ 3 days. Eight nests 

that failed just prior to incubation were verified in the field after > 3 locations accrued in the 

same spot due to periodic visits by a female.  

In 6 cases of localization during 2019, movement patterns during egg-laying and incubation were 

not evident from the GPS fix data. We investigated these localization points to look for signs of 

predation or a dropped transmitter. In one case, a time-consuming investigation found no 

evidence of predation but we were not able to visually locate a nesting female. We left the area 

and many days later observed an incubation recess when reviewing the GPS fix data. During two 

of these investigations we accidentally flushed the incubating female. One flushed female 

resumed incubation after 12 hours and the nest was predated 5 days later. The other female 

resumed incubation the same day and the nest was predated 12 days later. Most nests were not 

investigated until we determined that a female had abandoned the nest site. After abandonment, 

we located the nest and recorded evidence as to whether the eggs successfully hatched. Hatching 

was indicated by eggs with detached membranes and eggshells that were consistent with being 

pipped by chicks (Rearden 1951). We considered a nest successful if ≥1 egg had hatched. 

We used the nest survival model implemented in program MARK to estimate daily and overall 

nest survival. The nest survival model accounts for nests that fail prior to discovery (Dinsmore et 

al. 2002, Rotella et al. 2004). We also report apparent success which makes the assumption that 

nest fates are monitored from the onset of nesting through hatching or failure (Mayfield 1961). It 

was not possible to monitor nest status during egg laying. Thus, our estimate of overall nest 

survival assumes that daily survival rates are consistent during egg laying and incubation. We 

calculated overall nest survival by raising the daily survival rate (DSR) to the power of 38 which 

represents the expected number of days laying plus incubating (Schroeder et al. 1999). We 

calculated the variance and standard errors of extrapolated nest survival estimates using the delta 

method (Powell 2007).  

To estimate annual survival of female sage-grouse, we used a Kaplan-Meier (KM) estimator with 

a staggered entry design where birds captured after 20 April 2018 were left-truncated (Hosmer et 

al. 2011). The time origin for this analysis was 20 April 2018 and all birds still alive after 21 

October 2019 were right censored. We used the Survival package in R (v2.43-1) to calculate the 

KM survival curve and set the start time to 14 days so that capture effects would be reduced and 

sample size would be sufficient to adequately describe survival. The resulting survival curve 

represents the probability of an individual surviving to time t, conditional on having survived 

from the study-time origin to 14 days (Therneau 2015). 



A preliminary analysis comparing vegetation summary statistics between hatched and failed 

nests was carried out in R (Table 4). Vegetation sampling methods are described in objective 1 

above.  

Results 

We located 82 nests of 54 females (55 first nests, 25 second nests, 2 third nests). The mean date 

of incubation initiation for firsts nests was 01 May (range = 21 April – 30 May). Mean date of 

incubation initiation for second nests was 21 May (range = 05 May – 05 June). The range of 

incubation initiation dates for third nests was 25 May – 06 June.  

Out of the 82 nesting attempts 24 were successful and 58 failed; apparent nest success was 0.29 

(n=82). Signs indicating fox, badger, and coyote predation were documented but we were not 

able to conclusively identify the species of nest predators. Eight nests were excluded from 

analysis because they were discovered during egg laying or possibly the first day of incubation 

and were monitored for ≤ 1 day. Nests monitored for ≤ 1 day provided no information for 

estimating daily survival. Estimated daily survival rate (± SE) of nests estimated from a constant 

model was 0.958 ± 0.0058.  Overall estimated nest survival for all females and nesting attempts 

(± SE) for a 38-d nesting period was 0.195 ± 0.045 (occasions = 73).  

Initial comparisons of vegetation measurements at hatched and failed nests demonstrate possible 

vegetation effects on nest success (Table 4). The mean ± SD percent-bare ground at failed nests 

versus hatched nests was 19.2 ± 14.3% vs. 15.7 ± 9.3%, respectively. Mean ± SD litter under-

plant cover at failed nest versus hatched nests was 25.3 ± 15.9% vs. 29.3 ± 14.9%. Mean ± SD 

ground cover under-plant cover at failed nests versus hatched nests was 35.9 ± 20% vs. 40.9 ± 

17.5%. The mean ± SD total ground cover at failed nests versus hatched nests was 56.4 ± 18.8% 

vs. 61.8 ± 14.4%. 

Plot averaged heights and height variability were lower at failed nests versus hatched nests for 

both woody and herbaceous vegetation. The mean ± SD woody-vegetation height at failed nests 

versus hatched nest was 21.5 ± 8 cm vs. 25.6 ± 15.23 cm. Mean ± SD herbaceous-vegetation 

height at failed nests versus hatched nests was 27.4 ± 5.7 cm vs. 31.2 ± 7.1 cm. Mean ± SD 

vegetation height at failed nest versus hatched nests was 25.5 ± 5.6 cm vs. 29.2 ± 9.7 cm. Mean 

species richness at failed nests versus hatched nests was 38.4 ± 9.4 cm vs. 40.1 ± 10.7 cm.  

As of 30 November 2019, 35 of 86 PTT equipped females have died. Three females were 

suspected of losing their transmitters and 11 transmitters have ceased providing locations. In one 

instance, a PTT that stopped providing locations was located with a Yagi receiver (VHF) and 

was still deployed on a sage-grouse. During August, 3 females that were captured in 2019 had 

suspected PTT failures and 2 died (Fig. Error! Reference source not found.). Two 2018-grouse 

also had apparent PTT failures in August and 1 died (Fig. Error! Reference source not found.). 

A spike in mortality around August is consistent with a West Nile virus outbreak (Naugle et al. 

2004; Walker et al. 2004). We were not able to recover any substantial carcass remains from the 

3 grouse that were confirmed dead in August.  

Estimated annual survival ± SE of female sage-grouse outfitted with a PTT in 2018 was 0.48 ± 

0.08. The Kaplan-Meier survival curve indicates that in 2018 there was a major pulse of 

mortality during August and early September and mortality was very low through the winter. 



During 17 March – 29 May 2019 survival again declines (Fig. 16); this period corresponds with 

movements made from winter habitat to leks and nesting habitat.  

Goals for Next Quarter 

We will develop candidate models of nest survival that includes vegetation covariates from our 

AIM sampling such as sagebrush cover, sagebrush height, bare ground, and grass height. We will 

also develop a candidate model set that includes coarse grain-size GIS variables such as 

normalized difference vegetation index and topographic position index. Akaike’s information 

criterion will be used to identify the best approximating model from each of the 2 model sets 

(Burnham and Anderson 2002). Variables from the 2 analyses will then be combined into a 

multi-grain model set and a best approximating model will be identified. We will explore the use 

of variance decomposition or hierarchical models to quantify the relative influence of micro-

habitat and landscape grain-size variables.  
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Table 1. Medians and standard deviations for twice-daily step lengths (distance) and net-

squared displacement values (NSD) derived from sage-grouse movements and summarized 

for 2-week intervals. The medians and corresponding standard deviations (SD) are 

calculated for all females that are alive and equipped with a GPS PTT at any time during an 

interval. The study area was adjacent to Glasgow, MT, USA, 2018 & 2019. 

Date interval 

Median  

distance (m) 

SD  

distance (m) 

Median  

NSD (km2) 

SD  

NSD (km2) 

2018-04-23--2018-05-07 321.4 632.5 0.8 94.5 

2018-05-07--2018-05-21 146.8 338.9 0.4 109.4 

2018-05-21--2018-06-04 175.2 377.8 0.8 115.5 

2018-06-04--2018-06-18 361.2 451.0 1.6 104.7 

2018-06-18--2018-07-02 399.7 159.4 2.0 157.6 

2018-07-02--2018-07-16 468.4 323.1 5.1 139.8 

2018-07-16--2018-07-30 490.1 286.1 11.1 89.2 

2018-07-30--2018-08-13 477.3 219.8 36.7 90.1 

2018-08-13--2018-08-27 575.6 244.9 37.2 95.4 

2018-08-27--2018-09-10 419.7 259.2 35.2 94.3 

2018-09-10--2018-09-24 437.2 186.9 32.3 114.7 

2018-09-24--2018-10-08 484.7 445.7 29.5 189.8 

2018-10-08--2018-10-22 582.1 409.2 23.9 269.1 

2018-10-22--2018-11-05 535.9 371.1 66.4 393.9 

2018-11-05--2018-11-19 738.4 574.5 211.9 674.4 

2018-11-19--2018-12-03 499.6 381.1 213.9 693.2 

2018-12-03--2018-12-17 508.6 289.5 145.7 664.7 

2018-12-17--2018-12-31 533.4 379.8 183.0 651.7 

2018-12-31--2019-01-14 618.2 327.6 210.2 656.3 

2019-01-14--2019-01-28 774.4 380.9 155.6 630.1 

2019-01-28--2019-02-11 796.2 437.4 152.8 658.5 

2019-02-11--2019-02-25 853.5 434.7 130.1 683.8 

2019-02-25--2019-03-11 1085.3 514.7 262.1 767.1 

2019-03-11--2019-03-25 770.6 673.3 239.8 737.3 

2019-03-25--2019-04-08 981.1 965.4 15.2 193.1 

2019-04-08--2019-04-22 340.1 648.6 1.1 70.8 

2019-04-22--2019-05-06 223.3 390.5 0.4 56.2 

2019-05-06--2019-05-20 181.6 408.4 1.4 64.7 

2019-05-20--2019-06-03 230.0 320.3 1.2 61.2 

2019-06-03--2019-06-17 374.7 269.1 1.5 64.2 

2019-06-17--2019-07-01 407.4 268.4 2.9 66.7 

2019-07-01--2019-07-15 431.6 181.2 5.2 76.7 

2019-07-15--2019-07-29 375.3 174.8 5.2 77.2 

2019-07-29--2019-08-12 467.6 171.6 5.9 80.0 

2019-08-12--2019-08-26 454.9 159.2 7.5 86.9 

2019-08-26--2019-09-09 487.7 212.4 7.2 88.2 

2019-09-09--2019-09-23 433.7 185.4 7.6 87.1 

2019-09-23--2019-10-07 578.3 285.2 6.6 95.2 

2019-10-07--2019-10-21 671.5 555.9 31.1 229.8 



2019-10-21--2019-11-04 1028.1 928.2 84.9 377.6 

2019-11-04--2019-11-18 709.3 537.4 204.7 503.7 

2019-11-18--2019-12-02 829.4 536.2 243.8 456.9 
 

Table 2. List of geospatial data that hold potential for modeling or mapping sage-grouse habitat data. We 

have processed National Agriculture Imagery Program (NAIP), DEM and Landsat imagery to evaluate 

feasibility of use for our region of interest. All derived-product data such as LANDFIRE and RAP was 

evaluated by visual interpretation in a GIS and reviewing relevant literature.   

Geospatial data Relevant attributes Relevance to sage-grouse 

NAIP: 2009  1-m 3-band texture, cover classes 

NAIP: 2011 1-m 3-band texture, cover classes 

NAIP: 2013 1-m 3-band texture, cover classes 

NAIP: 2015 1-m 4-band NDVI, texture, cover classes 

NAIP: 2017 1-m 4-band NDVI, texture, cover classes 

Internal fences Valley County density or proximity 

Ephemeral streams Valley County density or proximity 

Major streams  Valley County density or proximity 

Abandoned structures Valley County density or proximity 

Roads  Valley County density or proximity 

Waterbodies  Valley County density or proximity 

Watersheds  Valley County management unit 

LANDFIRE: Existing vegetation type Valley County vegetation class 

LANDFIRE: National vegetation classification 30-m modeled  vegetation class 

LANDFIRE: Existing vegetation cover  30-m modeled  vegetation characteristic 

LANDFIRE: Existing vegetation height 30-m modeled  vegetation characteristic 

LANDFIRE: Existing site potential  30-m modeled  site characterization 

LANDFIRE:  biophysical settings 30-m modeled  site characterization 

RAP: Annual forbs and grasses (AFG) 30-m modeled  vegetation cover 

RAP: Perennial forbs and grasses (PFG) 30-m modeled  vegetation cover 

RAP: Shrubs (SHR) 30-m modeled  vegetation cover 

RAP: Tees (TREE) 30-m modeled  vegetation cover 

RAP: Bare ground (BG) 30-m modeled  vegetation cover 

LANDSAT 30-m multi-spectral land cover classification 

Digital elevation model (DEM) 10-m  derived terrain features 
 

Table 3. Summary statistics for percent cover, vegetation heights, and species richness at sage-

grouse nest sites and random plots in our study area near Glasgow, MT, USA, 2018 & 2019. 
Plot Type Statistic Mean SD Min Max n 

Nest %Bare Ground 18.1 13.1 0.0 71.3 122 

Random %Bare Ground 28.9 20.3 0.0 72.0 69 

Nest %Basal Cover 6.9 13.6 0.0 62.7 122 

Random %Basal Cover 3.7 8.6 0.0 57.3 69 

Nest %Foliar Cover 61.2 16.3 17.3 96.0 122 

Random %Foliar Cover 55.0 21.8 14.7 94.7 69 

Nest %Ground Cover Between-Plant Cover 20.6 8.2 4.0 49.3 122 

Random %Ground Cover Between-Plant Cover 15.6 8.2 2.7 36.7 69 



Nest %Ground Cover Under-Plant Cover 37.4 19.3 1.3 88.0 122 

Random %Ground Cover Under-Plant Cover 30.5 24.5 1.3 92.7 69 

Nest %Litter Between-Plant Cover 13.6 6.5 1.3 46.7 122 

Random %Litter Between-Plant Cover 10.6 5.8 2.0 26.0 69 

Nest %Litter Under-Plant Cover 26.5 15.7 0.0 87.3 122 

Random %Litter Under-Plant Cover 24.3 22.6 0.7 91.3 69 

Nest %Total Ground Cover 58.0 17.7 12.7 94.0 122 

Random %Total Ground Cover 46.1 24.7 8.0 98.0 69 

Nest %Total Litter 40.0 16.5 6.0 91.3 122 

Random %Total Litter 34.9 23.6 3.3 96.7 69 

Nest Herbaceous Vegetation Height Avg 28.5 6.4 15.2 44.6 122 

Random Herbaceous Vegetation Height Avg 32.0 12.8 10.9 68.8 69 

Nest Vegetation Height Avg 26.6 7.2 13.7 69.5 122 

Random Vegetation Height Avg 30.9 14.4 11.3 83.5 69 

Nest Woody Vegetation Height Avg 22.7 10.8 9.6 101.4 122 

Random Woody Vegetation Height Avg 26.8 22.5 0.0 146.6 69 

Nest Species Richness 38.9 9.8 18 69 122 

Random Species Richness 36.6 51.3 7 88 69 
 
 

Table 4. Summary statistics for percent cover, vegetation heights, and species richness at 

failed and hatched sage-grouse nests in our study area near Glasgow, MT, USA, 2018 & 2019. 

Nest Status Statistic Mean SD Min Max n 

Fail %Bare Ground 19.2 14.3 0.0 71.3 86 

Hatch %Bare Ground 15.7 9.3 2.0 35.3 36 

Fail %Basal Cover 7.3 14.5 0.0 62.7 86 

Hatch %Basal Cover 6.0 11.1 0.0 62.7 36 

Fail %Foliar Cover 60.4 17.4 17.3 96.0 86 

Hatch %Foliar Cover 63.2 13.2 32.0 87.3 36 

Fail %Ground Cover Between-Plant Cover 20.5 8.4 4.0 49.3 86 

Hatch %Ground Cover Between-Plant Cover 20.8 7.9 8.7 36.0 36 

Fail %Ground Cover Under-Plant Cover 35.9 20.0 1.3 88.0 86 

Hatch %Ground Cover Under-Plant Cover 40.9 17.5 13.3 83.3 36 

Fail %Litter Between-Plant Cover 13.4 6.7 1.3 46.7 86 

Hatch %Litter Between-Plant Cover 13.8 6.2 4.7 28.0 36 

Fail %Litter Under-Plant Cover 25.3 15.9 0.0 87.3 86 

Hatch %Litter Under-Plant Cover 29.3 14.9 6.0 62.0 36 

Fail %Total Ground Cover 56.4 18.8 12.7 92.7 86 

Hatch %Total Ground Cover 61.8 14.4 32.0 94.0 36 

Fail %Total Litter 38.7 17.0 6.0 91.3 86 

Hatch %Total Litter 43.1 15.0 18.0 71.3 36 

Fail Herbaceous Vegetation Height Avg 27.4 5.7 15.2 41.3 86 

Hatch Herbaceous Vegetation Height Avg 31.2 7.1 18.9 44.6 36 



Fail Vegetation Height Avg 25.5 5.6 13.7 46.2 86 

Hatch Vegetation Height Avg 29.2 9.7 18.0 69.5 36 

Fail Woody Vegetation Height Avg 21.5 8.0 9.6 71.5 86 

Hatch Woody Vegetation Height Avg 25.6 15.2 11.4 101.4 36 

Fail Species Richness 38.4 9.4 18 69 86 

Hatch Species Richness 40.1 10.7 21 65 36 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Figure 1. Bar plot illustrating the number of relocations attained at different times of day for 

radio-marked female sage-grouse in our study area near Glasgow, MT, USA, 2018 – 2019. 

Colors represent a count of locations attained between the labeled time of day and the next time 

category. Transmitters were model GT-22GS-GPS, GeoTrak, Inc., Apex, NC, USA. 

 



 

Figure 2. Staging areas used for spotlighting capture operations and the locations where female 

sage-grouse were captured in our study area near Glasgow, MT, USA, 2019. 

 

 



 

Figure 2. Boxplots illustrating variation in the number of relocations attained per day for radio-

marked female sage-grouse in our study area near Glasgow, MT, USA, 2019. Transmitters were 

model GT-22GS-GPS, GeoTrak, Inc., Apex, NC, USA. Data was subset to correspond with our 

most aggressive programming period, 11 March – 08 September, 2019. 

  



 

Figure 4. Plot of binned counts illustrating temporal variation in the number of relocations 

attained per day for radio-marked females in our study area near Glasgow, MT, USA, 2019. 

Transmitters were model GT-22GS-GPS, GeoTrak, Inc., Apex, NC, USA. Only counts for sage-

grouse captured in 2019 are shown. 



 

Figure 5. Plot of binned counts illustrating temporal variation in the number of relocations 

attained per day for radio-marked females in our study area near Glasgow, MT, USA, 2019. 

Transmitters were model GT-22GS-GPS, GeoTrak, Inc., Apex, NC, USA. Only counts for sage-

grouse captured in 2018 are shown. 



 

Figure 6. Spatial distribution of locations from 86 GPS PTT equipped female sage-grouse in our 

study area near Glasgow, MT, USA. Brightness of clusters is roughly proportional to the 

relocation density of females. The location data used to generate the distribution were collected 

from 23 April 2018 until mortality, loss of PTT, or 30 November, 2019. 



 

Figure 7. Locations of 41 female sage-grouse capture locations and 58 nests near Glasgow, MT, 

USA, 2018. Yellow lines link the capture location and nest for a given individual. The histogram 

in the top left corner illustrates the distribution of distances from capture locations to nest sites. 



 
Figure 8: Sage-grouse home ranges from relocations beginning 15 April 2019 until female 

mortality or 14 August, 2019. Home range boundaries were calculated at the 95% contour level 

of utilization distributions (UD). Home-range centroids are labeled with sage-grouse ID 

numbers. Nests and leks were plotted to provide auxiliary context relevant to space-use by each 

grouse. The size of the yellow lek polygons is ~ proportional to the 2016 count for a lek. The 

histogram illustrates the distribution of home range sizes. The study area was adjacent to 

Glasgow, MT, USA. 



 

Figure 9. Boxplots of twice-daily sage-grouse step lengths calculated for 1-week intervals during 

2019. Each boxplot is labeled with the beginning of the interval for which the boxplot 

summarizes step-length distances. The end of the interval for each boxplot is given by the 

labeled date immediately to the right. Step-length distances are summarized for all grouse that 

are alive and equipped with a GPS PTT at any time during an interval. The study area was 

adjacent to Glasgow, MT, USA. 



 

Figure 10. Illustration of the k-means classified spectral classes used to stratify our random 

sample of vegetation plots. Spectral classes 1 – 11 have an approximate correspondence to 

unique ground cover classes. The spatial extent of the classification was dictated by the spatial 

extent for which Landsat 8 imagery was available. Sage-grouse nest locations from 2019 are also 

displayed for our study area near Glasgow, MT, USA, 2019. 



 

Figure 11. Time-series plot showing mean 10-day-width sliding window estimates (smoothed 

distances) of twice-daily movements for 45 female sage-grouse in 2018 – 2019. Gray lines plot 

movement distances of individual birds. The number of lines plotted decreases as grouse die or 

drop their transmitters. The blue line is a generalized additive model smooth-curve indicating the 

overall trend in smoothed distances. The blue line was fit with mgcv package in R. The red line 

represents the median smoothed distances for all birds at a given time. The cyan line plots the 

standard deviation of smoothed distances for all birds at a given time. The study area was 

adjacent to Glasgow, MT, USA.  



 

Figure 12. Time-series plot of net-squared displacement for 45 GPS PTT equipped female sage-

grouse in our study area near Glasgow, MT, USA, 2018 – 2019. Uniquely colored lines represent 

separate individuals. The number of lines plotted decrease as female sage-grouse die or drop 

their transmitters and increase on April 2019 when more grouse were equipped with PTTs. 



 

Figure13. Sage-grouse home ranges from relocations beginning 01 December 2019 until female 

mortality or 24 December, 2019. Home-range boundaries were calculated at the 95% contour 

level of utilization distributions (UD). Home-range centroids are labeled with sage-grouse ID 

numbers. Nests and leks were plotted to provide auxiliary context relevant to space-use by each 

grouse. The size of the yellow lek polygons is proportional to the 2016 count for a lek. The 

histogram illustrates the distribution of home range sizes. The study area was adjacent to 

Glasgow, MT, USA. 

  



 

Figure 14. Survival and nesting events for the 41 female sage-grouse that we captured in 2019. 

The data were compiled on 20 December 2019. The study area was adjacent to Glasgow, MT, 

USA. 



 

Figure 15. Temporal distribution of events for the 86female sage-grouse that we captured in 

2018 & 2019. Histogram bins are 1 day wide. The data were compiled on 20 December 2019. 

The study area was adjacent to Glasgow, MT, USA. 

  



 

Figure 16. Kaplan-Meier survival curve with 95% confidence intervals illustrating time-to-death 

or right-censoring for 84 of 86 female sage-grouse successfully outfitted with PTTs in 2018 & 

2019. Two grouse died within 2 weeks of the study time origin and are not considered in the 

analysis. The data were compiled on 21 October 2019. Tick marks indicate the time of right-

censoring for grouse that were lost to follow up. The x-axis can be interpreted as the number of 

days since May 5 2018. The study area was adjacent to Glasgow, MT, USA 

  



APPENDIX A 

 

Common Name Scientific Name  Functional  

Group 

AIM code  

    

Alfalfa Medicago sativa Forb MESA 

Alyssum Alyssum simplex Forb ALSI8 

Alyssum-leaf phlox  Phlox alyssifolia  Forb PHAL3 

American harebell  Campanula rotundifolia Forb CARO2 

American vetch Vicia americana Forb VIAM 

Bastard toadflax Comandra umbellata Forb COUM 

Black medic Medicago lupulina Forb MELU 

Blanketflower Gaillardia aristata Forb GAAR 

Blazing star (genus) Liatris Forb LIATR 

Blue lettuce Lactuca tatarica Forb LATA 

Blue mustard/crossflower Chorispora tenella Forb CHTE2 

Blue prairie flax Linum lewisii Forb LILE3 

Brittle bladderfern Cystopteris fragilis Forb CYFR2 

Broom snakeweed Gutierrezia sarothrae Forb GUSA2 

Bull thistle Cirsium vulgare Forb CIVU 

Bushy knotweed Polygonum ramosissimum Forb PORA3 

Canada goldenrod Solidago canadensis Forb SOCA6 

Canada thistle Cirsium arvense Forb CIAR4 

Carolina whitlowgrass Draba reptans Forb DRRE2 

Clasping pepperweed Lepidium perfoliatum Forb LEPE2 

Clingweed/stickywilly Galium aparine Forb GAAP2 

Clustered broomrape Orobanche fasciculata  Forb ORFA 

Collins' rockcress  Boechera collinsii Forb ARHOC 

Common dandelion Taraxacum officinale Forb TAOF 

Common kochia Kochia scoparia Forb KOSC 

Common pepperweed Lepidium densiflorum Forb LEDE 

Common sunflower Helianthus annuus Forb HEAN3 

Common yarrow Achillea millefolium  Forb ACMI2 

Curly dock Rumex crispus Forb RUCR 

Curlycup gumweed Grindelia squarrosa Forb GRSQ 

Cushion pussytoes Antennaria dimorpha Forb ANDI2 

Cutleaf fleabane Erigeron compositus Forb ERCO4 

Dense spikemoss Selaginella densa Forb SEDE2 

Desert biscuitroot Lomatium foeniculaceum Forb LOFO 

Desert wire lettuce Stephanomeria runcinata Forb STRU3 

Desert/narrowleaf goosefoot  Chenopodium pratericola Forb CHPR5 

Dotted blazing star/gayfeather Liatris punctata Forb LIPU 

Douglas' knotweed Polygonum douglasii Forb PODO4 



Common Name Scientific Name  Functional  

Group 

AIM code  

Downy indian paintbrush  Castilleja sessiliflora Forb CASE5 

Drummond's milkvetch  Astragalus drummondii Forb ASDR3 

Dusty maiden Chaenactis douglasii Forb CHDO 

Erect knotweed Polygonum erectum Forb POER2 

European stickseed/Burr forget-me-not Lappula squarrosa Forb LASQ 

Fairy candelabra Androsace occidentalis Forb ANOC2 

Field bindweed Convolvulus arvensis Forb COAR4 

Field chickweed Cerastium arvense Forb CEAR4 

Field cottonrose Logfia arvensis Forb LOAR5 

Field locoweed Oxytropis campestris Forb OXCA4 

Field pennycress Thlaspi arvense Forb THAR5 

Field sagewort Artemisia campestris Forb ARCA12 

Field sowthistle Sonchus arvensis Forb SOAR2 

Fivehorn smotherweed Bassia hyssopifolia Forb BAHY 

Flexile milkvetch Astragalus flexuosus Forb ASFL2 

Flixweed tansymustard  Descurainia sophia Forb DESO2 

Foothill arnica Arnica fulgens Forb ARFU3 

Golden pea Thermopsis rhombifolia Forb THRH 

Goldenrod (genus) Solidago sp. Forb SOLID 

Gray hawksbeard/large-flower Crepis occidentalis Forb CROC 

Green milkweed Asclepias viridiflora Forb ASVI 

Groundplum milkvetch  Astragalus crassicarpus Forb ASCRP 

Hairy goldenaster Heterotheca villosa Forb HEVI4 

Hare's-ear mustard Conringia orientalis Forb COOR 

Hoary tansyaster Machaeranthera canescens Forb MACA2 

Horseweed Conyza canadensis Forb COCA5 

Indian breadroot Pediomelum esculentum Forb PEES 

Lambstongue ragwort Senecio integerrimus Forb SEIN2 

Lesser hoptrefoil/suckling clover Trifolium dubium Forb TRDU2 

Lilac penstamon Penstemon gracilis Forb PEGR5 

Littleleaf pussytoes  Antennaria microphylla Forb ANMI3 

Littlepod false flax Camelina microcarpa Forb CAMI2 

Long-fruited anemone  Anemone cylindrica Forb ANCY 

Longleaf arnica Arnica lonchophylla Forb ARLO5 

Longleaf fleabane Erigeron corymbosus Forb ERCO5 

Loose-flower milkvetch Astragalus tenellus Forb ASTE5 

Low nailwort Paronychia sessiliflora  Forb PASE 

Manyhead/fineleaf hymenopappus  Hymenopappus filifolius var. 

polycephalus 

Forb HYFIP3 

Maximillian sunflower Helianthus maximiliani Forb HEMA2 

Meadow deathcamas  Zigadenus venenosus Forb ZIVE 



Common Name Scientific Name  Functional  

Group 

AIM code  

Meadow popcorn-flower  Plagiobothrys scouleri Forb PLSCH 

Mexican dock Rumex salicifolius var. mexicanus Forb RUSAM 

Missouri goldenrod Solidago missouriensis Forb SOMI2 

Missouri milkvetch  Astragalus missouriensis Forb ASMI10 

Mojave seablite/bush seepweed Suaeda moquinii Forb SUMO 

Narrowleaf four o' clock Mirabilis linearis Forb MILI3 

Narrowleaf hawksbeard  Crepis tectorum Forb CRTE3 

Narrowleaf wire lettuce Stephanomeria tenuifolia Forb STMIM 

Narrow-leaved puccoon  Lithospermum incisum Forb LIIN2 

Northern cryptantha/buttecandle Cryptantha celosioides Forb CRCE 

Nuttall's povertyweed Monolepis nuttalliana Forb MONU 

Nuttall's Townsend daisy Townsendia nuttallii Forb TONU 

Oppositeleaf false bahia  Picradeniopsis oppositifolia Forb PIOP 

Owl's-clover (genus) Orthocarpus spp. Forb ORTHO 

Pasqueflower Pulsatilla patens Forb PUPA5 

Pennsylvania pellitory Parietaria pensylvanica Forb PAPE5 

Pennsylvania/prairie cinquefoil  Potentilla pensylvanica Forb POPE8 

Pingue rubberweed Hymenoxys richardsonii Forb HYRI 

Pit-seed goosefoot Chenopodium berlandieri  Forb CHBE4 

Plains spring-parsley Cymopterus acaulis  Forb CYAC 

Plumeless thistle Carduus acanthoides Forb CAAC 

Povertyweed Iva axillaris Forb IVAX 

Prairie coneflower  Ratibida columnifera Forb RACO3 

Prairie false dandelion Nothocalais cuspidata Forb NOCU 

Prairie milkvetch Astragalus adsurgens Forb ASADR 

Prairie smoke Geum triflorum Forb GETR 

Prairie sunflower Helianthus petiolaris Forb HEPEP 

Prickly lettuce Lactuca serriola Forb LASE 

Prickly Russian thistle Salsola tragus Forb SATR12 

Purple locoweed  Oxytropis lambertii Forb OXLA3 

Purple milkvetch Astragalus agrestis Forb ASAG2 

Purple prairie clover Dalea purpurea Forb DAPU5 

Pussytoes (genus) Antennaria sp. Forb ANTEN 

Rayless tansyaster  Xanthisma grindelioides Forb MAGR2 

Ribseed sandmat Chamaesyce glyptosperma Forb CHGL13 

Rocky Mountain beeplant Cleome serrulata Forb CLSE 

Rosy pussytoes  Antennaria rosea Forb ANRO2 

Rough false pennyroyal  Hedeoma hispida Forb HEHI 

Rush skeletonplant Lygodesmia juncea Forb LYJU 

Scarlet beeblossum/guara Oenothera suffrutescens Forb OESU3 

Scarlet globemallow  Sphaeralcea coccinea Forb SPCO 



Common Name Scientific Name  Functional  

Group 

AIM code  

Sego lily Calochortus nuttalli Forb CANU3 

Shaggy fleabane  Erigeron pumilus Forb ERPU2 

Showy milkweed Asclepias speciosa Forb ASSP 

Silver bladderpod  Lesquerella ludoviciana Forb LELU 

Silverleaf scurfpea Pediomelum argophyllum Forb PEAR6 

Skunk pea/lemon scurfpea Psoralidium lanceolatum Forb PSLA3 

Slender hawksbeard Crepis atribarba Forb CRAT 

Slender plantain Plantago elongata Forb PLEL 

Small/intermountain lupine Lupinus pusillus Forb LUPU 

Smallflower prairie wallflower Erysimum inconspicuum Forb ERIN7 

Small-leaf pussytoes  Antennaria parvifolia Forb ANPA4 

Spatula-leaf bladderpod  Lesquerella spatulata Forb LESP4 

Spiny goldenaster  Xanthisma spinulosum Forb MAPI 

Spiny ironplant/Lacy tansyaster Machaeranthera pinnatifida Forb MAPI 

Spiny phlox Phlox hoodii Forb PHHO 

Spotted knapweed Centaurea stoebe Forb CESTM 

Spreading dogbane Apocynum androsaemifolium Forb APAN2 

Starry false lily of the valley Maianthemum stellatum Forb MAST4 

Stemless four-nerve daisy Hymenoxys acaulis Forb HYAC4 

Steppe agroseris/false agoseris Agoseris glauca var. laciniata Forb AGGLL 

Stiff goldenrod Solidago rigida Forb SORIH 

Stiff sunflower Helianthus pauciflorus var. 

subrhomboideus 

Forb HEPAS 

Stiff-stem flax Linum rigidum Forb LIRI 

Suckley's saltbush Atriplex suckleyi Forb ATSU 

Sunflower (genus) Helianthus sp. Forb HELIA 

Sweetclover Melilotus officinalis Forb MEOF 

Tall annual willowherb Epilobium brachycarpum Forb EPBR3 

Tall tumblemustard Sisymbrium altissimum  Forb SIAL2 

Tarragon/dragon sagewort Artemisia dracunculus Forb ARDR4 

Textile onion Allium textile Forb ALTE 

Threadleaf phacelia  Phacelia linearis Forb PHLI 

Threeleaf/plains milkvetch Astragalus gilviflorus Forb ASGI5 

Thymeleaf sandmat Chamaesyce serpyllifolia  Forb CHSES 

Tiny mousetail  Myosurus minimus Forb MYMI2 

Tiny trumpet/slenderleaf collomia Collomia linearis Forb COMI2 

Tufted evening/gumbo primrose  Oenothera caespitosa Forb OECA10 

Tufted milkvetch Astragalus spatulatus Forb ASSP6 

Two-grooved milkvetch  Astragalus bisulcatus Forb ASBI2 

Velvety goldenrod Solidago mollis Forb SOMO 

Wallflower (genus) Erysimum spp. Forb ERYSI 



Common Name Scientific Name  Functional  

Group 

AIM code  

Warty spurge Euphorbia spathulata Forb EUSP 

Wavyleaf thistle Cirsium undulatum Forb CIUN 

Waxleaf penstemon  Penstemon nitidus var. nitidus Forb PENIN 

Western poison ivy Toxicodendron rydbergii Forb TORY 

Western stickseed Lappula occidentalis Forb LAOC3 

Western wallflower Erysimum asperum Forb ERAS2 

White milkwort Polygala alba Forb POAL4 

White penstemon Penstemon albidus Forb PEAL2 

White prairie aster  Symphyotrichum falcatum Forb SYFAC 

White prairie clover  Dalea candida Forb DACA7 

White sagewort Artemisia ludoviciana Forb ARLU 

White-stem stickleaf  Mentzelia albicaulis Forb MEAL6 

Wild bergamot/beebalm Monarda fistulosa Forb MOFI 

Wild licorice Glycyrrhiza lepidota Forb GLLE3 

Wild parsley Musineon divaricatum Forb MUDI 

Wood whitlowgrass  Draba nemorosa Forb DRNE 

Woolly groundsel Packera cana  Forb PACA15 

Woolly plantain Plantago patagonica Forb PLPA2 

Woollypod milkvetch Astragalus purshii var. purshii Forb ASPUP7 

Yellow evening-primrose  Calylophus serrulatus Forb CASE12 

Yellow owl's-clover Orthocarpus luteus Forb ORLU2 

Yellow prairie violet  Viola nuttallii Forb VINU2 

Yellow salsify Tragopogon dubius Forb TRDU 

Yellow wild/alpine golden buckwheat Eriogonum flavum var. flavum Forb ERFLF 

Yucca Yucca glauca Forb YUGL 

Alkali cordgrass Spartina gracilis Grass SPGR 

American sloughgrass Beckmannia syzigachne Grass BESY 

Blue gramma Bouteloua gracilis Grass BOGR2 

Bluebunch wheatgrass Pseudoroegneria spicata Grass PSSP6 

Canada bluegrass Poa compressa Grass POCO 

Canada wildrye Elymus canadensis Grass ELCA4 

Cheatgrass/downy brome Bromus tectorum Grass BRTE 

Crested wheatgrass Agropyron cristatum Grass AGCR 

Field brome Bromus arvensis Grass BRAR5 

Foxtail barley Hordeum jubatum Grass HOJU 

Green needlegrass Nassella viridula Grass NAVI4 

Indian ricegrass Achnatherum hymenoides Grass ACHY 

Inland saltgrass Distichlis spicata Grass DISP 

Intermediate wheatgrass Thinopyrum intermedium Grass THIN6 

Japanese brome Bromus japonicas Grass BRJA 

Kentucky bluegrass Poa pratensis Grass POPR 
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Little bluestem Schizachyrium scoparium Grass SCSC 

Meadow brome Bromus commutatus Grass BRCO4 

Meadow foxtail Alopecurus pratensis Grass ALPR3 

Needle and thread Hesperostipa comata Grass HECO26 

Nuttal's alkali grass Puccinellia nuttalliana Grass PUNU2 

Plains bluegrass Poa arida Grass POAR3 

Plains muhly Muhlenbergia cuspidata Grass MUCU3 

Porcupine grass/shortbristle needle Hesperostipa curtiseta Grass HECU9 

Prairie cordgrass Spartina pectinata Grass SPPE 

Prairie junegrass Koeleria macrantha Grass KOMA 

Prairie sandreed Calamovilfa longifoliaa Grass CALO 

Red threeawn Aristida purpurea Grass ARPU9 

Roughleaf ricegrass Oryzopsis asperifolia Grass ORAS 

Sand dropseed Sporobolus cryptandrus Grass SPCR 

Sandberg bluegrass Poa secunda Grass POSE 

Sixweeks fescue Vulpia octoflora Grass VUOC 

Slender wheatgrass Elymus trachycaulus Grass ELTR7 

Smooth brome Bromus inermis Grass BRIN2 

Squirreltail/bottlebrush grass Elymus elymoides Grass ELEL5 

Thickspike/streamside wheatgrass Elymus lanceolatus Grass ELLA3 

Timothy Phleum pratense Grass PHPR3 

Tumblegrass Schedonnardus paniculatus Grass SCPA 

Water foxtail Alopecurus geniculatus Grass ALGE2 

Western wheatgrass Pascopyrum smithii Grass PASM 

Common/creeping spikerush Eleocharis palustris Sedge, Rush ELPA3 

Needleleaf sedge Carex duriuscula Sedge, Rush CADU6 

Sedge (genus) Carex spp. Sedge, Rush CAREX 

Sun sedge Carex inops Sedge, Rush CAINH2  

Threadleaf sedge Carex filifolia Sedge, Rush CAFI 

Absinthe wormwood Artemisia absinthium Sub-shrub ARAB3 

Common snowberry Symphoricarpos albus Sub-shrub SYAL 

Fewflower buckwheat Eriogonum pauciflorum Sub-shrub ERPA9 

Fiveberry hawthorn Crataegus chrysocarpa Sub-shrub CRCH 

Fringed sage/prairie sagewort Artemisia frigida Sub-shrub ARFR4 

Gardner's saltbush Atriplex gardneri Sub-shrub ATGA 

Longleaf wormwood Artemisia longifolia Sub-shrub ARLO7 

Prairie rose Rosa arkansana Sub-shrub ROAR3 

Saltbush (genus) Atriplex Sub-shrub ATRIP 

Shadscale saltbush Atriplex confertifolia Sub-shrub ATCO 

Silverscale saltbush Atriplex argentea Sub-shrub ATAR2 

Winterfat Krascheninnikovia lanata Sub-shrub KRLA2 
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Woods rose Rosa woodsii Sub-shrub ROWO 

Canada gooseberry Ribes oxyacanthoides Shrub, Tree RIOX 

Chokecherry Prunus virginiana Shrub, Tree PRVI 

Common juniper Juniperus communis Shrub, Tree JUCO6 

Creeping juniper Juniperus horizontalis Shrub, Tree JUHO2 

Eastern cottonwood Populus deltoides Shrub, Tree PODE3 

Greasewood Sarcobatus vermiculatus Shrub, Tree SAVE4 

Green ash Fraxinus pennsylvanica Shrub, Tree FRPE 

Green/spearleaf rabbitbrush Chrysothamnus linifolius Shrub, Tree CHLI3 

Peachleaf willow Salix amygdaloides Shrub, Tree SAAM2 

Rocky Mountain juniper Juniperus scopulorum Shrub, Tree JUSC2 

Rubber rabbitbrush Ericameria nauseosa Shrub, Tree ERNA10 

Russian olive Elaeagnus angustifolia Shrub, Tree ELAN 

Sandbar/narrowleaf willow Salix exigua var. interior  Shrub, Tree SAEXI 

Saskatoon serviceberry Amelanchier alnifolia Shrub, Tree AMAL2 

Silver buffaloberry Shepherdia argentea Shrub, Tree SHAR 

Silver sagebrush Artemisia cana Shrub, Tree ARCA13 

Skunkbrush/fragrant sumac Rhus trilobata Shrub, Tree RHTR 

Wax currant Ribes cereum  Shrub, Tree RICE 

Western snowberry Symphoricarpos occidentalis Shrub, Tree SYOC 

Wyoming big sage Artemisia tridentata var. wyomingensis Shrub, Tree ARTRW8 
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