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Executive Summary 

This report summarizes research activities in the second year of a three-year (2019 
– 2022) study that focuses on evaluating habitat suitability for potential 
reintroductions of lesser prairie-chickens (LPCH) in the southern mixed-grass 
prairie ecoregion. The primary objectives of this study are: 

1) Evaluate the suitability of landscapes for LPCH reintroduction and identify 
potential areas for targeted habitat restoration, 

2) Quantify the abundance of reproductive habitats for an area participating in 
an incentive-based conservation program, 

3) Compare the results of our multi-scale habitat evaluation to the current field-
based rapid habitat evaluation classification used by the Western Association 
of Fish and Wildlife Agencies. 

We developed lek-based relative habitat suitability models within the mixed-grass 
prairie ecoregion using both resource selection functions (RSF) and randomized 
classification trees (RF). For each approach, we developed two predictive models; 
one based on all known lek locations identified by cooperating state wildlife 
agencies and a more restrictive model based upon leks classified as ‘stable’. Stable 
leks were those that had persisted throughout time (i.e., detected 3 out of 5 
consecutive years) or had 5 or more birds across multiple years. To evaluate the 
predictive performance of our four habitat suitability models (i.e., ability to 
correctly classify leks and random points) we used an out-of-bag approach with a 
Receiver Operating Characteristic combined with an Area Under the Curve (ROC-
AUC) analysis. All models exhibited high predictive accuracy with average ROC-
AUC scores measuring between 0.80 and 0.90. Mean habitat suitability scores for 
lek locations in all models averaged ~ 0.77, except for the stable lek analysis using 
RF which had a mean score of 0.88, (95% CI: 0.43 – 0.98). The total number of 
acres identified as potentially suitable habitat differed only slightly among models, 
with a mean of 1,440,513 acres across all models.  



During 2021, we sampled vegetative conditions at 384 random points across 15 
strata to quantify the abundance of fine-scale reproductive habitat available during 
the nesting and brood-rearing periods at the Z Bar ranch in southcentral Kansas. In 
total, we quantified 7,026 and 6,920 acres of potentially suitable nesting habiat at 
the Z Bar ranch for the years 2020 and 2021, respectively, and 6,475 and 4,224 
acres of potential brood rearing habitat. In addition to quantifying vegetative 
conditions, we identified the ecological site that each random point fell within and 
gathered information on the range condition immediately surrounding each random 
point in order to evaluate the utility of using ecological site descriptions and a 
similarity index to identify and monitor reproductive habitat for LPCH in the 
mixed-grass prairie ecoregion. Average cover of all plant functional groups and 
visual obstruction readings were combined across years and summarized across 
ecological sites. Overall, most ecological sites had similar distribution of values for 
shrub cover, grass cover, forb cover, bare ground, and VOR making it potentially 
difficult to use ecological sites and their range condition as a tool for managing 
LPCH reproductive habitat. 
The third objective of this study evaluates the effectiveness of the Western 
Association of Fish and Wildlife Agencies (WAFWA) field-based habitat 
assessment protocol by comparing the amount of suitable LPCH habitat found 
using WAFWAs Habitat Evaluation Guide (HEG) to the amount of suitable habitat 
found in objective 1 and 2. Field efforts this season focused on conducting 
vegetative sampling using methods outlined in WAFWAs’ vegetative sampling 
protocol. In addition, we recorded ocular estimates of tree cover to estimate 
percent cover of trees in upland portions for each evaluation unit (habitat variable 
3). Finally, we quantified the amount of potential suitable habitat using GIS to 
reclassify areas as suitable or unsuitable LPCH habitat (habitat variable 4). 
Measurements of habitat variables 1–4 were used to quantify the suitability of 
LPCH nesting habitat using WAFWAs HEG equation. The majority of the 
evaluation units received a final HEG score of 0.85 – 1.0, where 0.1 indicates low 
quality LPCH habitat and 1.0 indicates excellent LPCH habitat, suggesting that 
under WAFWAs HEG protocol, the majority of the Z Bar ranch has excellent 
LPCH habitat. 

Administration and Reporting: 

A presentation outlining results from our RSF analysis was presented at the 28th 
annual conference of The Wildlife Society on November 5th – 11th, 2021.  
R scripts and data files used for objective 1 can be found at:  



C:\...\OneDrive - Montana State University\Solomon, Morgan\Habitat 
Model\Random Forest models\RandomF – AllLeks.R 
C:\...\OneDrive - Montana State University\Solomon, Morgan\Habitat 
Model\Random Forest models\RandomF – StableLeks.R 
C:\...\OneDrive - Montana State University\Solomon, Morgan\Habitat Model\RSF 
models\LPCH HABITAT ANALYSIS – ALL LEKS –  1122.R 
C:\...\OneDrive - Montana State University\Solomon, Morgan\Habitat Model\RSF 
models\LPCH HABITAT ANALYSIS – STABLE ONLY –  1122.R 
C:\…\OneDrive - Montana State University\Solomon, Morgan/Habitat 
Model/LPCHdata_Final_92321.csv 
C:\…\OneDrive - Montana State University\Solomon, Morgan\Habitat Model\RSF 
models\Stabledata_RSF.csv 
C:\…\OneDrive - Montana State University/Solomon, Morgan/Habitat 
Model/Random forest models/RFdata_AllLeks.csv 
C:\…\OneDrive - Montana State University\Solomon, Morgan/Habitat 
Model\Random forest models\RFdata_StableOnly.csv 
Geotiffs can be found here: 

C:\...\OneDrive - Montana State University\Solomon, Morgan\Habitat Model\Final 
Layers_rasterstack\Habitat Layers\CroppedResampled 

Data files for objective 2 can be found here: 

C:\...\OneDrive - Montana State University\Solomon, Morgan\Field Data\My data 
2021\Nesting_YearsCombined.csv 

C:\...\OneDrive - Montana State University\Solomon, Morgan\Field Data\My data 
2021\Brood_YearsCombined.csv 

Data files for objective 3 can be found here: 

C:\...\OneDrive - Montana State University\Solomon, Morgan\Field 
Data\WAFWA 

 

 

 



 

OBJECTIVES 

Objective 1: Evaluate the suitability of landscapes for LPCH reintroductions and 
identify potential areas for targeted habitat restoration. 

Accomplishments: 

Primary accomplishments under objective 1 included developing multiple habitat 
suitability models using resource selection functions and Random forest 
classification trees to compare habitat conditions within 5 km of all known lek 
locations and random points to predict the relative probability of LPCH lek 
occurrence across the entire mixed-grass prairie ecoregion. In addition, we 
developed a second set of models using the same modeling techniques for stable 
leks only, or leks that were classified as persisting throughout time and space. 

Data collection.— We obtained LPCH lek location and survey data for the years 
2010–2019 for the mixed-grass prairie ecoregion collected by the Kansas 
Department of Wildlife, Parks and Tourism and the Oklahoma Department of 
Wildlife Conservation (Fig. 1). Landscapes associated with lek locations were used 
to represent habitat conditions that support populations of LPCH. Lek locations 
were divided into two categories: 1) leks where birds were counted in at least one 
year from 2015–2019 and 2) leks where birds were only counted in year 2010–
2014 and not 2015–2019. We then developed a criterion to classify a subset of 
known lek locations as being ‘stable’, where stable lek locations were those that 
had persisted throughout time (i.e., detected 3 out of 5 consecutive years) or had 5 
or more birds across multiple years. Leks classified as stable were used to develop 
more restrictive models of habitat suitability and to further identify areas with the 
greatest potential for successful translocation of LPCH. Random points were 
randomly generated at a ratio of 20 random points to 1 lek location within the 
mixed-grass prairie ecoregion (Milligan 2019, Northrup et al. 2013), where each 
random point could not be located within 5 km of any major city or town or within 
any body of water. 

Next, we collated 25 geospatial layers representing habitat conditions known to 
affect LPCH recruitment, survival, and lek persistence (Table 1). All geospatial 
layers were imported into a GIS interface, resampled to a ~30-m resolution, and 
clipped to the area of the mixed-grass prairie ecoregion that was buffered to 16 km 
(Van Pelt et al. 2013). Because the majority of LPCH activity occurs within 5 km 



of a lek location including nesting and brood rearing (Applegate and Riley 1998, 
Fuhlendorf et al. 2002, Pitman et al. 2006a, Pitman et al. 2006b), we conducted a 
circular moving-window analyses using tools in ArcGIS Pro to measure habitat 
conditions within a 5-km radius of each 30-m cell (ESRI 2020). We then used the 
‘raster’ and ‘rgdal’ package in program R to read in spatial files and extract values 
of habitat covariates for each lek location and random point (Bivand et al. 2013, 
Hijmans and Etten 2013). To ensure we accurately modeled habitat conditions for 
each lek, we extracted values of habitat covariates for leks that occurred in only 
years 2010–2014 and the associated random points from geospatial layers that 
were representative of habitat conditions in 2014; values of habitat covariates for 
all other lek locations and the associated random points (i.e., leks that occurred at 
least once in 2015–2019) were extracted from geospatial layers representing 
habitat conditions in 2019. 
 
RSF model development.—Prior to developing our resource selection function 
(RSF) models, we tested for potential spatial autocorrelation among lek locations 
with a Moran’s I test available in the ‘dharma’ package in program R (Moran 
1950, Hartig and Hartig 2017). We then examined potential nonlinear responses 
for each habitat covariate using generalized additive models (GAM) with lek 
locations and random points as binary responses (Crawley 2007). Generalized 
additive models fit multiple splining functions to a univariate predictor variable to 
model potential linear and non-linear relationships (Wood 2008). In particular, we 
evaluated linear, quadratic, and natural log (i.e., ln[x+0.001]) threshold responses 
for each habitat covariate used in our analysis by examining plots of predicted 
relationships and the partial residuals (Fig. 2).   
Following patterns observed in our GAM analyses, we fit a fully parameterized 
RSF and estimated mean coefficients of each habitat covariate using a generalized 
linear model (GLM) with a binomial error structure and a logistic link function 
(Boyce and McDonald 1999, Manly et al. 2002). To address the concern of 
overfitting our model to our data, we used backwards stepwise selection and 
Akaike’s Information Criterion (AIC) to iteratively remove covariates that 
contributed little to explaining the variation in our data (p-value ≥ 0.05; Akaike 
1976, Burnham and Anderson 2002).  

RF model development.— Random forest classification trees (RF) are highly 
sensitive to imbalanced datasets (i.e., minority class has a much lower number of 
observations, and the majority class has a very high number of observations). As 
such, prior to fitting our RF models we reduced our observations of random points 
to equal the number of observations of leks (Table 5) as this provided the lowest 



error rate for our lek locations without drastically compromising the model’s 
ability to correctly classify random points. Next, we developed RF models for all 
lek locations and stable leks only, where we again compared habitat conditions at 
lek locations and random points. We conducted RF analysis using the ‘caret’ 
package in program R to allow us to increase model performance by being able to 
control and streamline model training parameters such as the number of branches 
that will grow at each split and the number of randomly sampled covariates at each 
node (Kuhn et al 2008). After fitting our RF models, we evaluated the importance 
each habitat covariate had in predicting lek occurrence using standard measures of 
variable importance (Evans et al. 2011). Variable importance is measured by 
measuring how much removing a variable decreases predictive accuracy within 
each tree compared to the prediction error on the out-of-bag portion of the data. 
The differences are then averaged across all trees for all habitat covariates and then 
normalized to represent a relative importance value (Evans et al. 2011). 

Model validation.— We validated our models using a Receiver Operating 
Characteristic combined with an Area Under the Curve (ROC-AUC) analysis 
where we withheld 20% of the original data from model development to use in 
evaluating our RSF and RF models predictive performances. Area Under the Curve 
scores were then averaged to provide an overall estimate of predictive performance 
over 500 iterations (Fielding and Bell 1997, Hosmer and Lemeshow 2000, Boyce 
et al. 2002).  A predictive model will have an ROC-AUC score of 0.70 or higher, 
where a score of 0.50 indicates the model does no better at predicting leks from 
random points than random chance alone and a score of 1.0 indicates the model 
classified leks and random points perfectly (Deleo 1993, Fielding and Bell 1997). 

Identifying habitat suitable for LPCH.—To quantify the total number of acres 
classified as habitat suitable for LPCH, we first applied each model to the entire 
mixed grass-prairie ecoregion and rescaled all predicted values between 0 and 1, 
where 0 indicated very low suitability and 1 indicated very high habitat suitability. 
We then extracted raster cells that were greater than or equal to the mean habitat 
suitability score for lek locations for each model (Fig. 3 & 6; Table 5) and 
calculated the total number of acres potentially suitable for LPCH using the 
following equation: 

Atotal = (S*30-m2) * 0.00025 
where S is the sum of all cells that have a habitat suitability score equal to or 
greater than the mean for lek locations, ~30-m2 is the resolution of our raster, and 
0.00025 converts meters squared to the total number of acres, Atotal. All major 



cities and town were masked out as areas associated with exurban development are 
unavailable for LPCH use. 

Results.—In total, we identified 272 lek locations; we classified 88 of those lek 
locations as stable. We found no evidence for spatial autocorrelation among lek 
locations (Morans I = 0.00 , P= 0.66). The majority of habitat covaritates differed 
substantially between lek locations and random points (Table 2). All RSF and RF 
models  exhbited high accuracy with an average cross validated ROC-AUC score 
of 0.88 (Table 5). All models exhibited a strong positive relationship with average 
perennial forb and grass cover and distance to highway, and a strong negative 
relationship with average cropland cover, average annual forb and grass cover, 
average tree cover and density of oil wells (Fig. 5, Table 3 & 4). Habitat covariates 
of less importance included variation in bare ground, litter, and shrub cover, 
distance to oil wells, wind turbines, roadways, and density of windmills. 
Mean habitat suitability scores for lek locations in all models averaged around 
0.77, except for the stable lek analysis using RF which had a mean score of 0.88 
(Fig. 3 & Table 5). Total number of acres identified as potentially suitable LPCH 
habitat differed only slightly between models, with a mean of 1,440,513 acres 
across all models (Table 5 & Fig. 6). In general, areas identified as having high 
suitability remained consistent across models (Fig. 6). Primary areas identified as 
suitable habitat in Kansas and Oklahoma are already occupied by LPCH (i.e., area 
are in close proximity to currently active lek locations). However, we did identify 
four areas of ~ 10,000 acres of potentially suitable but unoccupied habitat within 
Barber, Hodgeman, and Seward counties in Kansas and Beaver, Ellis and 
Woodward counties in Oklahoma. We also identified several thousands of acres of 
suitable habitat for LPCH in Texas, but as we were unable to obtain lek survey 
data from Texas state agencies due to privacy policies associated with private 
landowner agreements, it is unknown whether identified areas are currently 
occupied by LPCH at this time. 
Stable lek models were developed in the hopes of creating more restrictive 
predictions of habitat suitability and to further identify areas with the greatest 
potential for restoration. While we found more conservative predictions in our RSF 
model with stable lek only data, stable lek models developed using RF had more 
liberal predictions of habitat suitability, predicting the largest number of acres 
potentially suitable for LPCH across all four models (Fig. 6 & Table 5). Potential 
causes for more liberal predictions in our RF model with stable only data may be 
due to the fact the RF model using stable lek data had a relatively small dataset 
with just 88 lek observations and 88 random point observations (Table 5). While 
RF have been cited as providing accurate predictions using small datasets (Barber 



and Thompson 2000), if your dataset is too small and you have high variation 
within your predictor variables you may not be able to capture greater complexities 
associated with your data; thus there may be a large amount of uncertainty 
surrounding predictions of habitat suitability (Dwivedi et al. 2017). 

Goals For Next Quarter: 

We will develop an ensembled spatially explicit habitat suitability model by 
combining predictions from all four of our RSF and RF models. To further 
prioritize areas for habitat restoration and LPCH reintroductions, we will conduct a 
least-cost path analysis using predictions from our ensemble model to identify 
potential corridors connecting current subpopulations to potentially suitable, 
unoccupied habitat. In addition, we will develop maps depicting the uncertainty 
associated with our predictions of habitat suitability for all models. Final results 
will be presented at the Society of Range Management conference in Albuquerque, 
New Mexico on February 6th – 10th. 

Objective 2: Quantify the abundance of reproductive habitats for an area 
participating in an incentive-based conservation program.  

Accomplishments: 

Efforts this year focused on conducting habitat surveys to quantify the amount of 
fine-scale reproductive habitat available for LPCH at the Z Bar ranch in 
southcentral Kansas. We also began evaluating the utility of using ecological site 
descriptions and a similarity index (‘relative condition’) to monitor reproductive 
habitat in the mixed-grass prairie ecoregion. 

2.1. Quantifying available nesting and brood rearing habitat  

Field surveys.—During the spring and summer of 2021, we sampled vegetative 
conditions at 384 random points across 15 strata to quantify the abundance of fine-
scale reproductive habitat available at the Z Bar ranch in southcentral Kansas (Fig. 
7). Sampling periods were divided into the nesting (mid-May–June) and brood-
rearing (late-June–mid-July) periods with a three-week rest period in between 
where we did not conduct vegetative sampling.  

Sampling plots were stratified by pasture, and then by ecological sites based on 
similar soil type (i.e., loamy, clayey, sandy). We generated 30 random points 
within each strata using tools in ArcGIS Pro (ESRI 2020). We conducted 



vegetation surveys at an initial 5 of these randomly generated points and calculated 
the mean and standard deviation of proportional grass cover to identify adequate 
sample sizes needed to accurately reflect variation in vegetative measurements 
using the following equation: 

𝑛𝑛 = (𝑍𝑍𝛼𝛼 ) 2 (𝑠𝑠) 2 ÷ (𝐵𝐵) 2 

where n is the uncorrected sample size needed, 𝑍𝑍𝛼𝛼 is the standard normal 
coefficient calculated for a confidence interval (1.28), s is the standard deviation, 
and B is the mean multiplied by a precision level of 0.15. We then compared the 
uncorrected sample size (n) to a table in Elzinga et al. (1998; Appendix 7) to 
evaluate whether our sampling effort was sufficient to describe within-strata 
variation. However, logistical constraints limited the number of random points we 
were able to sample per strata; for example, strata with recently burned areas 
(prescribed and natural) had greater variation and thus were difficult to adequately 
sample. Nonetheless, strata with higher levels of variation were given priority over 
other strata and ≥20 points were surveyed within each strata. 

At each random point surveyed, we evaluated nesting and brood-rearing habitat 
conditions using methods adopted from previous studies of LPCH in the mixed-
grass ecoregion (Lautenbach 2015, Lautenbach et al. 2019). We estimated non-
overlapping canopy cover for all vegetation types (percent shrub, grass, forb, litter) 
as well as bare ground using a 60 × 60 cm sampling frame located directly at the 
random point center and at 4 additional subsampling points located 4 m from the 
random point center in each cardinal direction. We also recorded visual obstruction 
reading (VOR; Robel et al. 1970) at the random points center from each cardinal 
direction at a distance of 4 meters and a height of 1 meter. Random points that fell 
within unsuitable habitat (e.g., rough terrain, water, etc.) were not used and we 
moved on to the next randomly selected point.  

Quantifying available reproductive habitat.—Based on evidence from the 
literature, we sorted random points into classes of suitable and unsuitable LPCH 
habitat, where random points locations with an average VOR between 1.5 – 3.5 dm 
and less than 10% bareground were classifed as optimal nesting habitat. Similarly, 
points with 10% – 35% forb cover and VORs between 2 – 5 dm were classified as 
optimal brood habitat (Lautenbach 2015, Lautenbach et al. 2019). Vegetative 
measurements below or above optimal habitat conditions were classified as 
unsuitable for LPCH nesting or brood-rearing. 



Next, we calculated the proportion of nesting and brood rearing habitat (T) 
potentially available for LPCH within each strata for the years 2020 and 2021, 
using the following equations: 

Tnest = ∑ (N ÷  𝑋𝑋)  ∗  A𝑘𝑘
𝑖𝑖=1   

 
Tbrood = ∑ (𝐵𝐵 ÷ 𝑋𝑋) ∗ 𝐴𝐴 𝑘𝑘

𝑖𝑖=1  
where k is the number of strata sampled that year, N and B are the proportion of 
random points classified as optimal nesting and brooding habitat, respectively, X is 
the total amount of random points and A is the number of acres within each strata. 
We then quantified the total amount of nesting and brood rearing habitat available 
at the Z Bar ranch by summing up the number of acres classifed as suitable from 
each strata.  
Results.— We sampled 169 random points across 14 strata during the nesting 
sampling period and 215 random points across 15 strata during the brood-rearing 
sampling period (Tables 6 & 7). The number of randomly sampled points in 2020 
were relatively similar with 155 random points across 18 strata during the nesting 
sampling period and 199 random points across 20 strata during the brood rearing 
sampling period. Most of the random point locations were located in clayey sites as 
the majority of the Z Bar ranch is made up of ecological sites that have a clayey 
family particle size (Table 8), and much of the loamy and sandy sites were located 
in areas where LPCH are unlikely to occur, such as in water, flood plains, or rough 
terrain (Haukos and Zavaleta 2016).  

We sampled fine-scale habitat conditions across 22,200 acres of the Z Bar ranch. 
In total, we quantified 7,026 and 6,920 acres of potentially suitable nesting habitat 
for LPCH for the years 2020 and 2021, respectively, and 6,475 and 4,224 acres of 
potential brood rearing habitat. Sample sizes within select strata for the year 2020 
were relatively low due to complications with identifying ecological sites prior to 
and during the 2020 field sampling season (www.wildlifehabitatecologylab.com/ 
8203evaluating-habitat-suitability-for-lesser-prairie-chick-reintroductions.html). 
As such, greater attention should be given to final numbers associated with 
samples collected in 2021 (Table 6 & 7).  
Previous research has found that established lek locations have greater proportions 
of high-quality nesting and brood rearing habitat than would be expected at 
random, with areas surrounding established lek locations having ~25% suitable 
nesting habitat and ~ 25% suitable brood rearing habitat (Gehrt et al 2020). Most of 
the strata sampled in 2021 were found to have more than 25% suitable nesting 



habitat suggesting the Z Bar had an adequate total amount of suitable nesting 
habitat for LPCH for that year (Table 6). Conversely, only about half of the study 
plots sampled in 2021 had over 25% brood rearing habitat signifying a potential 
need to direct future management at improving brood rearing habitat at the Z Bar 
ranch (Table 7). Nonetheless, the arrangement and distribution of nesting and 
brood rearing habitat is likely important to the reproductive success of LPCH 
(Haukos and Zavaleta 2016). Strata found to have sufficient nesting habitat may be 
within or adjaent to strata that have sufficient brood rearing habitat and thus are 
more likely to support LPCH hens and their chicks throughout each reproductive 
stage. For example, strata SPL and SPC are in close proximity to one another with 
each having suitable nesting and brood rearing habitat, respectively, suggesting 
together they might provide sufficient reproductive habitat (Fig. 8). Strata where 
there were less than 25% of random points classified as suitable nesting or brood 
rearing habitat were located in areas that had experienced fire (prescribed and 
natural) within the years 2020 or 2021. It is expected that in the the following 
years, strata that experienced fire and classified as unsuitable for LPCH nesting or 
brood rearing will quickly recover and provide similar if not better reproductive 
habitat for LPCH (Starns et al. 2020). 

2.2. Examining availability of reproductive habitat in relation to ecological site 
condition 

In addition to quantifying the amount of nesting and brood-rearing habitat 
available at the Z Bar ranch, we began examining the utility of using ecological 
site descriptions and a similarity index (‘range condition’) to monitor reproductive 
habitat for LPCH in the mixed-grass prairie ecoregion. Specifically, we compared 
similarity index values across multiple ecological sites to the percent cover of 
native grasses, shrubs, forbs, litter, bare ground, and VOR at each random point 
location to evaluate whether specific ecological sites and similarity index values 
provide increased reproductive habitat for LPCH. 

Field surveys.—We identified the ecological site that each random point fell within 
and characterized the relative range condition within and immediately surrounding 
each random point using a similarity index (Oosting 1956, NRCS 2003, Pellant 
2005). Similarity index values were estimated by visually estimating the current 
proportion of tall grass production present —specifically big bluestem, little 
bluestem, Indiangrass, and switchgrass—and comparing it to the amount of tall 
grass production under each respective ecological sites historical climax plant 
community, where tall grass production is expressed as a percentage by weight 



(biomass). For example, the historical climax plant community of Loamy Uplands 
(R078CY056OK) produces approximately 2,525 lbs/acre with 78% of that 
production consisting of tall grass species. As such, if we estimated the current 
coverage of a Loamy Uplands site to be 25% tall grass species, the similarity index 
score would be 25

78
 = 0.33 for that site. Similarity index values were classified into 5 

categories of similarity where 0–20% indicated low similarity, and 80–100% 
indicated high similarity.  

Results.—In total, we evaluated ecological site conditions at 738 random points 
across the nesting and brood rearing sampling periods for the years 2020 and 2021 
(Table 8). The majority of random points sampled were classified as either having 
a high similarity index value or a low similarity index value (Fig. 6), with few 
points falling within the middle categories (e.g., low-moderate, moderate, 
moderate-high similarity), which may make it difficult to visualize any potential 
relationships between similarity index values and vegetative measurements know 
to affect LPCH occurrence or survival (e.g., grass cover and VOR). 
Mean cover of all plant functional forms and VOR were summarized for the 
nesting and brood rearing period across all ecological sites and similarity index 
values for the years 2020 and 2021 combined (Table 9 & 10). In general, most 
ecological sites had similar distribution of values for shrub cover, grass cover, forb 
cover, bare ground, and VOR. However, ecological site R079XY122KS has higher 
values of average shrub cover in relation to all other ecological sites. In addition, 
ecological site R078CY114TX had greater cover of bare ground and lower VOR 
(Fig 10 & 11). 

Goals For Next Quarter: 

We will develop and carry out statistical methods to evaluate how ecological site 
and a similarity index influence the availability of reproductive habitat for LPCH 
in the mixed-grass prairie ecoregion. In addition, we will explore options for 
mapping out the arrangement of reproductive habitat available at the Z Bar ranch 
to examine whether there is an adequate distribution of nesting and brood rearing 
habitat. 

Objective 3: Compare the results of our multi-scale habitat evaluation to the 
current field-based rapid habitat evaluation classification used by the Western 
Association of Fish and Wildlife Agencies. 

Efforts in 2021 focused on conducting vegetative surveys using vegetative 
sampling protocols developed by the Western Association of Fish and Wildlife 



Agencies (WAFWA). Subsequent efforts consisted of quantifying habitat 
suitability scores for each evaluation unit sampled at the Z Bar ranch in 
southcentral Kansas using WAFWAs Habitat Evaluation Guide (HEG) for the year 
2021. Evaluation units—or study plots—in this study have the same boundaries 
delineated by WAFWA at the time of the Z Bar’s enrollment in the LPCH program 
in 2014. 
Under WAFWAs HEG there are four habitat variables that make up the overall 
habitat suitability score for an evaluation unit: 1) average vegetative cover, 2) 
vegetative composition, 3) percent cover of tall woody plants >3 ft (1 m) in upland 
sites, and 4) the proportion of grassland cover with <1% canopy cover of trees that 
is within a 1-mile radius (~1.6 km) of the geometric center of each evaluation unit 
(Table 11). To measure habitat variables 1–3 we conducted 32 habitat surveys (1–2 
transects per evaluation unit) across 18 evaluation units during the nesting 
sampling period (mid-May – June). Transects were placed in areas found to be 
representative of the current plant community and structure throughout the entire 
evaluation unit. We collected vegetative measurements using a line-point intercept 
method along a 150-foot transect that runs northeast to southwest with the zero 
mark at the northeast end. Standing on the south side of the tape, we measured the 
tallest plant height within a 6-inch radius at every 10-foot interval. We then 
estimated vegetative cover (HEG habitat variable 1) and species composition 
(HEG habitat variable 2) at every 3-foot interval by lowering a wire-flag in a 
vertical descent through the foliar canopy directly on the north side of the tape and 
recorded the growth forms in the order that they touched the wire for up to six 
individual hits. We recorded big bluestem, little bluestem, sideoats grama, 
indiangrass, and switchgrass, as preferred grasses (PG) of LPCH while all other 
grasses were recorded as either tufted grass (TG) or sod grass (SG). In addition, we 
measured VOR at every 20-foot interval by placing a Robel pole on the north side 
of the tape and recording the number of completely obstructed bands from a 
perpendicular distance of 2 meters and a height of 0.5 meters (Robel et al. 1970). 
We also recorded plant phenology for each functional group for each transect. 
Finally, we recorded ocular estimates of tree cover to estimate percent cover of 
trees in upland portions for each evaluation unit as having 0%, <1%, 1–5%, >5%, 
or being tilled using methods described in Kansas Range Technical Note KS-8, 
(HEG habitat variable 3, WAFWA 2015).  

To measure HEG habitat variable 4, we used protocols developed by the former 
GIS Specialist for WAFWA, Mike Houts (Mike Houts, personal communication). 
We obtained landcover classifications at a 30-m2 resolution from the 2016 National 



Landcover Data database (NLCD 2016). Landcover data were reclassified to 
obtain values of ‘potential habitat’(1) and ‘non-habitat’(0), where ‘potential 
habitat’ included any areas classified as grassland, shrubland, etc., and where ‘non-
habitat’ included cultivated cropland, deciduous tree cover, emergent herbaceous 
wetland. Shapefiles of roads were obtained from the Kansas GIS Data and Support 
Center and the Oklahoma GIS Data Clearinghouse where highways were buffered 
to 50 meters and county roads were buffered to 15 meters (M. Houts, personal 
communication). We then merged all shapefiles of roads into one layer and 
converted it to raster dataset with a 30-m2 resolution using the Feature to Raster 
tool. All buffered highways and county roads were then reclassified to equal 0 (i.e., 
non-habitat). We then used cell statistics to obtain the minimum value for each cell 
from the reclassified NLCD habitat layer and the reclassified road buffers layers 
for our final Potential Habitat layer. Finally, we used focal statistics to quantify the 
percent ‘potential habitat’ (1) within a 1-mile radius of each 30-m2 cell across the 
entire mixed-grass prairie ecoregion of Kansas and Oklahoma.  
Habitat suitability scores for habitat variables 1–3 were classified into 5 different 
categories where a score of 1.0 indicates high-quality LPCH habitat and 0.05 
indicates low-quality LPCH habitat (Table 11). Vegetative cover (habitat variable 
1) was calculated by taking the total number of growth forms that hit the wire 
divided by the total possible number of hits (306). Scores for species composition 
(habitat variable 2) were defined by the relative cover of grasses and shrubs 
preferred by LPCH, which was found by dividing the number of hits classified as 
PG or SS (sand sagebrush) and dividing it by the total number of grass and shrub 
hits (PG, TG, SG, SS, SH). Scores of tree cover for habitat variable 3 were sorted 
into five different classes: 0%, <1%, 1–5%, >5% tree cover, and tilled land 
(WAFWA 2015).  

Habitat variable 4 is split into 10 classes, where areas that have 90–100% grass 
cover (i.e., 90–100% of the surrounding 1-mile area is classified as ‘potential 
habitat’) receives a score of 1.0 and areas that have 0–10% grass cover receive a 
score of 0.1 (Table 11). To score habitat variable 4, we used our final Potential 
Suitable Habitat layer and extracted raster cell values from the cell at the geometric 
center of each evaluation unit. We found all but evaluation unit 16850 to have 90–
100% potential suitable habitat within a 1-mile radius (Fig. 12, Table 12). Scores 
for habitat variable 4 contributed to high HEG scores with all but one evaluation 
unit receiving a score of 1.0, indicating >90% of the surrounding area of each 
evaluation unit was classified as potential LPCH habitat (i.e., grassland and not 
cropland, forest or urban areas; Fig. 12).  



Final HEG scores for each evaluation unit were calculated by multiplying the score 
for habitat variable 4 by the minimum value for habitat variables 1–3 (Table 12). 
Similar to year 2020, the majority of evaluation units at the Z Bar ranch received a 
final HEG score of 0.85–1.0, indicating that under WAFWAs habitat monitoring 
protocol the Z Bar Ranch has good-to-excellent LPCH habitat (Van Pelt et al. 
2013). 
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Table 1. Description of potential habitat covariates used in the development of our habitat suitability 
models predicting lek occurrence across the mixed-grass prairie ecoregion in Kansas, Oklahoma, and 
Texas including covariate name, source of the original data, description of covariate, and justification for 
potentially including in our models. All models were developed using resource selection functions and 
Random forest classification trees. 
Name Source Description Justification 
Average 
perennial grass 
and forb cover 

Rangeland Analysis 
Platform 
(2014 & 2019) 

Average perennial 
cover within each 
5-km buffer 

Identified positive relationship 
between increased grassland cover 
and LPCH abundance (Woodward et 
al. 2001) 
 

Average 
annual grass 
and forb cover 

Rangeland Analysis 
Platform 
(2014 & 2019) 

Average annual 
cover within each 
5-km buffer 

Potential relationship between 
increased (Lautenbach 2015, 
Lautenbach et al. 2017, Lautenbach 
et al. 2019) cover of annual forbs and 
grass and LPCH occurrence 
 

Average shrub 
cover 

Rangeland Analysis 
Platform 
(2014 & 2019) 

Average shrub 
cover within each 
5-km buffer 
 

Identified positive relationship 
between shrub cover and LPCH nest 
and brood survival in MGP 
(Lautenbach 2015, Lautenbach et al. 
2019) 
 

Average bare 
ground 
 

Rangeland Analysis 
Platform 
(2014 & 2019) 

Average cover of 
bare ground 
within each 5-km 
buffer 

Identified negative relationship 
between increased bare ground and 
nesting success, but positive w/ 
brood survival (Lautenbach 2015, 
Lautenbach et al. 2019). 
 

Average litter 
cover 
 

Rangeland Analysis 
Platform 
(2014 & 2019) 

Average cover of 
litter within each 
5-km buffer 

Identified positive relationship 
between increased litter and nest 
success (Lautenbach et al. 2019). 
 

Average tree 
cover 

Rangeland Analysis 
Platform 
(2014 & 2019) 

Average tree 
cover within each 
5-km buffer 

Identified negative relationship 
between increased tree cover and 
LPCH abundance (Lautenbach et al. 
2017) 
 

Average 
cropland cover 

National Agriculture 
Statistics Service 
(2014 & 2019) 

Proportion of grid 
cells classified as 
tilled agriculture 

Identified negative relationship 
between increased cropland cover 
and LPCH abundance (Woodward et 
al. 2001) 
 

Average 
Enhanced 
Vegetation 
Index (EVI) 

NASA Earthdata: 
MODerate resolution 
Imaging 
Spectroradiometer 
(MODIS) Vegetation 
Indices, MOD13Q1 
(2014 & 2019) 
 

Average of 
average annual 
EVI 

Potential quadratic relationship with 
average EVI and lek occurrence 
(Jarnevich et al. 2016) 

Oil well 
density 

Kansas GIS Data & 
Support Center 
Oklahoma Corporation 
Commission 

Density of oil and 
gas well locations 
within 5-km 
buffer 

Identified negative relationship 
between greater oil well densities and 
LPCH habitat selection (Hagen et al. 
2011, Plumb et al. 2019) 
 



Texas Railroad 
Commission 
(2014 & 2019) 
 

Distance to oil 
well 

Kansas GIS Data & 
Support Center 
Oklahoma Corporation 
Commission 
Texas Railroad 
Commission 
(2014 & 2019) 
 

Distance of grid 
cells to nearest oil 
well 

Potential negative relationship 
between decreased distance to oil 
well and LPCH habitat use (Plumb et 
al. 2019) 
 

Distance to 
transmission 
line 
 

Homeland Infrastructure 
Foundation- 
level Data (2020) 

Distance of grid 
cells to nearest 
transmission/ 
power line 

Identified negative relationship 
between distance to 
transmission/powerlines lines and 
LPCH habitat use (Hagen et al. 2011, 
Plumb et al. 2019) 
 

Distance to 
highway 
 

Kansas GIS Data & 
Support Center 
Oklahoma Corporation 
Commission 
Texas Department of 
Transportation (2017, 
2015, 2019) 
 

Distance of grid 
cells to nearest 
highway 

Identified negative relationship 
between distance to highways and 
LPCH habitat use (Hagen et al. 2011, 
Plumb et al. 2019) 
 

Distance to 
roadway 
 

Kansas GIS Data & 
Support Center 
Oklahoma Corporation 
Commission 
Texas Department of 
Transportation (2017, 
2015, 2019) 
 

Distance of grid 
cells to nearest 
roadway (i.e., 
county and town 
roads) 

Identified negative relationship 
between density of and distance to 
roads and LPCH habitat selection 
(Hagen et al. 2011, Plumb et al. 
2019) 
 

Density of 
roadways 
 

Kansas GIS Data & 
Support Center (2017) 
Oklahoma Corporation 
Commission (2017) 
Texas Department of 
Transportation (2020) 
 

Density of 
roadways within 
5-km buffer (i.e., 
county and town 
roads) 

Identified negative relationship 
between density of and distance to 
roads and LPCH habitat selection 
(Hagen et al. 2011, Plumb et al. 
2019) 
 

Density of 
windmills 

US Energy Information 
Administration (2019) 

Density of 
windmills within 
5-km buffer 

Potential positive relationship 
between windmill density LPCH 
survival (LeBeau et al. 2020). 
 

Distance to 
windmill 
 

US Energy Information 
Administration (2019) 

Distance of grid 
cells to nearest 
windmill 
 

Potential negative relationship 
between distance to windmill and 
and LPCH space use (LeBeau et al. 
2020). 
 

Variation in 
average 
perennial grass 
and forb cover 
 

Rangeland Analysis 
Platform (2014 & 2019) 

Standard 
deviation of 
average perennial 
cover 

Identified positive relationship 
between increased heterogeneity in 
grassland landscapes and LPCH 
habitat use and survival (Kraft et al. 
2021, Lautenbach et al. 2021) 
 



 
 
 

Variation in 
average annual 
grass and forb 
cover 
 

Rangeland Analysis 
Platform (2014 & 2019) 

Standard 
deviation of 
average annual 
cover 

Identified positive relationship 
between increased heterogeneity in 
grassland landscapes and LPCH 
habitat use and survival (Kraft et al. 
2021, Lautenbach et al. 2021) 
 

Variation in 
average bare 
ground 
 

Rangeland Analysis 
Platform (2014 & 2019) 

Standard 
deviation of 
average bare 
ground 

Identified positive relationship 
between increased heterogeneity in 
grassland landscapes and LPCH 
habitat use and survival (Kraft et al. 
2021, Lautenbach et al. 2021) 
 

Variation in 
average litter 
cover 
 

Rangeland Analysis 
Platform (2014 & 2019) 

Standard 
deviation of 
average litter 
cover 

Identified positive relationship 
between increased heterogeneity in 
grassland landscapes and LPCH 
habitat use and survival (Kraft et al. 
2021, Lautenbach et al. 2021) 
 

Variation in 
average shrub 
cover 
 

Rangeland Analysis 
Platform (2014 & 2019) 

Standard 
deviation of 
average litter 
cover 

Identified positive relationship  
between increased heterogeneity in 
grassland landscapes and LPCH 
habitat use and survival (Kraft et al. 
2021, Lautenbach et al. 2021) 
 

Variation in 
Enhanced 
Vegetation 
Index (EVI) 
 

NASA Earthdata: 
MODerate resolution 
Imaging 
Spectroradiometer 
(MODIS) Vegetation 
Indices, MOD13Q1 
(2014 & 2019) 
 

Standard 
deviation of 
average annual 
EVI 

Potential relationship between 
increased heterogeneity in EVI and 
LPCH use and survival 

Annual 
summer 
temperature 

USFS (1961-1990) Average annual 
summer 
temperature 
within 5-km 
buffer (June – 
Sept.) 
 
 

Identified negative relationship 
between greater mean annual 
temperatures and LPCH reproductive 
success and survival (Grisham et al. 
2014) 
 

Annual 
precipitation 

USFS (1961-1990) Average annual 
precipitation 
within 5-km 
buffer 
 
 

Large scale ecological driver 
influencing grassland production. 
Carry over effects for LPCH survival 
(Geisen 2000) 
 

Ruggedness National Elevation Data 
(2013) 

Standard 
deviation of 
elevation within 
5-km buffer 

Identified negative relationship b/w 
LPCH habitat use and rough terrain 
(Hagen et al. 2004, Hagen and 
Geisen 2005) 



Table 2. Mean and standard deviation (SD) of habitat covariates associated with lek locations and available 
locations (random points) used in the development of our habitat suitability models for lesser prairie-chicken lek 
occurrence in the mixed-grass prairie ecoregion 
           Lek locations  Available locations 
Covariate Mean SD  Mean SD 
Tree Cover (%) 3.0 1.2  5.2 3.7 
PFG Cover (%) * 64.4 10.2  55.2 11.0 
AFG Cover (%) ** 11.9 4.9  15.0 6.4 
Bare ground (%) 7.5 4.2  9.3 4.3 
Shrub Cover (%) 3.6 2.2  4.1 2.9 
Litter (%) 6.7 2.5  7.7 2.6 
Cropland Cover (%) 20.0 20.0  30.0 30.0 
Density of Oil Wells 8.5 9.3  24.0 34.9 
Density of Roadway 1668.9 757.8  2024.5 977.0 
Density of Windmills 0.5 3.8  2.9 11.4 
Dist. to Highway (km) 7.05 4.02  5.13 4.26 
Dist. to Oil Wells (km) 2.63 1.79  2.45 2.85 
Dist. to Roadway (km) 0.90 0.95  0.69 0.74 
Dist. to Windmills (km) 24.72 12.24  24.07 15.97 
Ruggedness 15.4 4.9  15.2 7.0 
Variation in AFG ** 10.0 3.8  11.6 4.9 
Variation PFG * 18.5 4.3  19.7 3.8 
Variation Bare ground 7.5 3.0  8.9 3.2 
Variation Tree 4.5 1.8  7.6 4.3 
Variation Litter 4.0 1.7  4.6 1.8 
Variation Shrub 3.2 2.2  4.0 3.0 
Ave. annual precipitation (cm) 574.9 44.1  603.6 67.2 
Ave. summer temp. (⁰C) 26.2 0.4  26.3 0.6 
*PFG = Perennial grass and forb cover 
** AFG = Annual forb and grass cover 

 
 
 
 
 



Table 3. Coefficients and standard errors for resource selection funtion models predicting the relative probability of a 
lek occurring in the mixed-grass prairie ecoregion of Kansas, Oklahoma, and Texas. Bold values are significant at p ≥ 
0.05. 

RSF – all leks  RSF – stable leks only 

Coefficient B SE  Coefficient B SE 

Ave. tree  -0.335 0.064  Ave. tree  -0.18 0.13 

Ave. PFG* -0.074 0.077  Ave. PFG -0.36 0.11 

Ave. PFG* 0.00029 0.0007  Ave PFG2 0.005 0.001 

Ave. AFG** -0.119 0.033  log (Ave. AFG) 4.49 1.35 

Ave. shrub 0.649 0.177  log (Ave. Litter) 3.96 1.53 

Ave. shrub2 0.016 0.005  Ave. cropland -0.90 3.47 

Ave. cropland -2.518 1.755  Ave. cropland2 -4.87 4.21 

Ave. cropland2 -4.990 2.339  Ave. summer temp 70.80 49.86 

Ave. summer temp. 11.835 24.784  Ave. summer temp2 -1.38 0.95 

Ave. summer temp2 -0.254 0.470  Ruggedness 0.08 0.13 

Ruggedness 0.006 0.067  Ruggedness2 -0.007 0.004 

Ruggedness2 -0.003 0.002  Distance to highway 0.06 0.03 

Distance to transmission 
lines 0.1034 0.036  Density of roads 0.009 0.0008 

Distance to transmission 
lines2 -0.003 0.001  Density of roads2 -0.000046 0.00002 

Distance to highway 0.213 0.057  Density of oil wells -0.05 0.01 

Distance to highway2 -0.009 0.004  Density of windmills -0.09 0.07 

Distance to windmill 0.053 0.024  Variation in AFG** -0.28 0.10 

Distance to windmill2 -0.0001 0.00  Variation in PFG* 0.16 0.06 

Density of oil wells -0.039 0.007  Constant -924.95 653.66 

Density of windmills -0.028 0.019     

Variation in PFG* 0.076 0.143     

Variation in PFG2* 0.0013 0.003     

Variation in bare ground -0.16 0.059     

Log (Variation in shrub) 0.878 0.326     

Constant -131.176 326.425     

*PFG = Perenial forb and grass 
**AFG = Annual forb and grass 



Table 4. Top 10 variables selected for Random forest models predicting lesser prairie-chicken lek occurrence 
across the mixed-grass prairie ecoregion in Kansas, Oklahoma and Texas. 

RF model – all leks  RF model -stable leks only 
Variable Importance  Variable Importance 

Ave. tree 100  Ave. tree 100 
*Ave. PFG 84.87  *Ave. PFG 80.09 
Ave. annual precipitation 75.31  Distance to highway 76.92 
Density of oil wells 69.50  Density of oil wells 68.89 
Ave. cropland 68.94  Ave. cropland 65.11 
Distance to highway 65.98  Distance to transmission lines 59.79 
**Ave. AFG 57.48  Density of roadways 59.70 
Distance to transmission lines 51.28  Ave. annual precipitation 55.17 
Ave. summer temperatures 50.42  Ave. shrub 55.12 
Ruggedness 47.61  Ruggedness 52.07 

 
 
 
 
 



Table 5. Cross-validated area under the curve scores and 95% confidence intervals for each resource selection function (RSF) and Random forest 
(RF) model, mean and 95% confidence intervals for habitat suitability scores for lek locations, and total number of acres predicted as potentially 
suitable habitat for lesser prairie-chickens for each RSF and RF model.  
Modeling 
technique 

Num. lek 
locations used 

Num. 
random 
points used 

AUC-ROC 
score 

AUC-ROC 
95% CI 

Mean Habitat 
Suitability 
Score * 

Mean Habitat 
Suitability 
95% CI 

Total acres 
predicted as 
suitable for LPCHs  

RSF 272  5460 0.89 0.86 – 0.92 0.77 0.72 – 0.91 1,545,951 

RSF 88 1760 0.91 0.86 – 0.95 0.78 0.43 – 0.95 1,230,582 

RF 272 272 0.90 0.84 – 0.95 0.76 0.37 – 0.94 1,118,400 

RF 88 88 0.86 0.74 – 0.94 0.87  0.43 – 0.98 1,909,572 



 
Table 6. Summarizing the number of points sampled per strata during the nesting sampling period, the proportion of random points classified as 
suitable nesting habitat, and the estimated number of acres classified as suitable nesting habitat for lesser prairie-chickens during years 2020 and 
2021. 

2020  2021 
Strata Pasture Total 

points 
sampled 

Proportion 
suitable 

Available acres 
of nesting 
habitat  

 Strata Pasture Total 
points 
sampled 

Proportion 
suitable 

Available acres 
of nesting 
habitat 

DC Deadman 12 0.25 326.94  DC Deadman 15 0.40 523.11 
DL Deadman 6 0.67 488.02  FL Fuller 18 0.55 892.24 
FL Fuller 9 0.45 713.79  JC Johnson 16 0.63 1097.83 
JC Johnson 9 0.67 1171.12  JL Johnson 15 0.40 225.16 
JL Johnson 4 0.50 281.45  NCC N. Cottage 13 0.15 315.61 
NCC N. Cottage 12 0.33 683.827  SC Sandy C. 12 0.00 0.0 
NCL N. Cottage 6 0.33 169.50  SCC S. Cottage 11 0.09 59.64 
SC Sandy C. 12 0.0 0.0  SCL S. Cottage 8 0.87 458.73 
SL Sandy C. 6 0.0 0.0  SRC S. River 15 0.47 1097.06 
SCC S. Cottage 4 0.75 492.02  SRL S. River 6 0.50 438.88 
SCL S. Cottage 5 0.80 419.41  SPC Swan Pond 10 1.00 914.79 
SRC S. River 20 0.30 705.25  SPL Swan Pond 10 0.20 294.89 
SRL S. River 7 0.28 250.79  YC Yellowstone 10 0.50 552.816 
SPC Swan Pond 4 0.0 0.0  YL Yellowstone 10 0.20 49.62 
SPL Swan Pond 9 0.10 163.83       
TSL Two Sign 10 0.20 345.07       
YC Yellowstone 17 0.58 650.37       
YL Yellowstone 3 0.67 165.41       



Table 7. Summarizing the number of points sampled per strata during the brood rearing sampling period, the proportion of random points 
classified as suitable brood rearing habitat, and the estimated number of acres classified as suitable brood rearing habitat for lesser prairie-
chickens during years 2020 and 2021. 

2020  2021 
Plot Pasture Total 

points 
sampled 

Proportion 
suitable 

Available acres 
of brood 
rearing habitat  

 Plot Pasture Total 
points 
Sampled 

Proportio
n suitable 

Available acres 
of brood 
rearing habitat 

DC Deadman 18 0.50 653.89  DC Deadman 11 0.18 237.78 
DL Deadman 9 0.67 244.01  DL Deadman 13 0.08 56.31 
EHL E. Hummon 8 0.38 79.03  FL Fuller 20 0.25 401.51 
EHS E. Hummon 11 0.63 789.10  JC Johnson 18 0.22 390.37 
FC Fuller 9 0.55 129.15  JL Johnson 13 0.23 129.90 
FL Fuller 9 0.88 1427.58  NCC N. Cottage 22 0.05 93.25 
JC Johnson 9 0.22 390.37  SC Sandy C. 23 0.0 0.0 
JL Johnson 5 0.0 0.0  SCC S. Cottage 12 0.0 0.0 
NCC N. Cottage 16 0.15 323.92  SCL S. Cottage 16 0.19 98.30 
SBC S. Bouz 8 0.0 0.0  SRC S. River 13 0.38 904.17 
SBL S. Bouz 8 0.25 173.17  SRL S. River 9 0.44 390.12 
SC Sandy C. 12 0.0 0.0  SPC Swan Pond 11 0.0 0.00 
SL Sandy C. 7 0.0 0.0  SPL Swan Pond 11 0.72 1072.34 
SCC S. Cottage 5 0..2 131.21  YC Yellowstone 13 0.31 340.19 
SCL S. Cottage 6 0.33 174.75  YL Yellowstone 9 0.44 110.27 
SRC S. River 12 0.33 783.62       
SRL S. River 6 0.17 146.29       
SPC Swan Pond 5 0.0 0.0       
SPL Swan Pond 13 0.23 340.26       
YC Yellowstone 15 0.53 589.67       
YL Yellowstone 5 0.40 99.246       

 



Table 8. Summary of ecological sites sampled and evaluated for their similarity index value during 
both the nesting and brood rearing sampling periods. 

Ecological Site Sampled 
Family 

Particle Size 
Num. Random 
Points (nesting) 

Num. Random Points 
(brood rearing) 

Red Clay; R078CY065OK Clayey 120 166 

Sandy Loam; R079XY122KS Loamy 54 63 

Loamy Upland; R080AY056OK Loamy 33 70 

Red Shale; R078CY114TX Clayey 36 34 

Sand Hills; R078CY107KS Sand 16 31 

Clayey Bottomland; R078CY094TX Clayey 19 - 

Loamy Bottomland; R078CY103TX Loamy 10 - 

Red Shale; R078CY083OK Loamy 7 - 

Rolling Sands; R080AY022OK Sandy - 13 

Dune; R078CY014OK Sandy - 6 



 

Table 9. Mean and standard deviation of vegetative measurements collected across ecological sites at each random point sampled during the nesting 
sampling period in 2020 and 2021.  
Ecological Site Mean shrub Mean grass Mean forb Mean litter Mean BG Mean VOR  

R078CY056OK 1.14 ± 2.85 60.93 ± 19.71 8.96 ± 8.06  16.90 ± 9.43 12.03 ± 18.64 28.57 ± 19.25 

R078CY065OK 0.10 ± 0.59 44.96 ± 21.47 11.20 ± 10.31 22.78 ± 18.76 20.88 ± 21.91 14.34 ± 10.30  

R078CY083OK 3.77 ± 8.96 49.31 ± 21.36 14.06 ± 12.76 18.43 ± 13.81 13.85 ± 19.86 17.28 ± 11.89 

R078CY094TX 0.14 ± 0.36 46.00 ± 30.67 15.95 ± 17.31 18.97 ± 22.08 19.14 ± 23.23 17.04 ± 18.26 

R078CY103TX 0.34 ± 0.94  40.63 ± 23.22 12.83 ± 10.20 30.54 ± 14.96 14.52 ± 18.79 18.35 ± 7.35 

R078CY114TX 0.00 17.27 ± 14.89 15.49 ± 18.13 14.88 ± 16.09 54.84 ± 23.64  6.08 ± 7.35 

R079XY107KS 0.00  44.80 ± 24.36 19.44 ± 14.04 28.92 ± 24.64 8.53 ± 14.43 20.22 ± 12.13 
 
R079XY122KS 2.62 ± 4.90 51.09 ± 19.51 11.10 ± 8.69  25.16 ± 14.75 10.11 ± 11.95 21.50 ± 12.70 
 
R080AY056OK 0.07 ± 0.35 37.87 ± 23.46 15.26 ± 13.10 38.18 ± 24.85 8.93 ± 15.65 16.18 ± 11.41 



 

Table 10.  Mean and standard deviation of vegetative measurements collected across ecological sites at each random point sampled during the brood 
rearing sampling period in 2020 and 2021. 
Ecological Site Mean shrub Mean grass Mean forb Mean litter Mean BG Mean VOR 

R078CY056OK 0.21 ± 0.74 61.81 ± 17.44 10.17 ± 8.68 17.28 ± 15.68 10.51 ± 15.20 34.59 ± 16.36 

R078CY065OK 0.181 ± 1.02 51.70 ± 19.54  10.08 ± 8.69 15.11 ± 13.13  22.88 ± 23.06 19.84 ± 1427  

R078CY014OK 7.40 ± 10.21 38.77 ± 13.08 9.23 ± 3.66 31.00 ± 16.53 14.10 ± 14.15 33.63 ± 16.99 

R080AY022OK 0.00 ± 0.00 49.65 ± 14.89 11.96 ± 7.17 29.38 ± 13.56 9.35 ± 9.59 29.06 ± 6.49 

R078CY114TX 0.03 ± 0.17 21.31 ± 14.75  6.63 ± 4.12 5.91 ± 7.23 66.43 ± 20.66 4.03 ± 3.97 

R079XY107KS 0.03 ± 0.18 56.05 ± 15.23 14.10 ± 9.82 16.99 ± 13.97 13.47 ± 14.72 17.82 ± 9.52 

R079XY122KS 4.68 ± 9.19 56.75 ± 18.01 9.42 ± 7.32 19.45 ± 10.37 9.87 ± 13.27 31.44 ± 14.55 

R080AY056OK 0.21 ± 1.18 52.63 ± 18.43 13.41 ± 7.17 22.95 ± 14.62 10.88 ± 16.75 21.05 ± 11.22 



Table 11. WAFWA HEG classification scores for habitat variables 1 – 4.  
Habitat variable 1 – 3  Habitat variable 4 

 
Score 

 
Vegetative cover 

 
Vegetative 

composition 

 
Percent cover 
of tall woody 
plants > 3 ft. 
tall 

  
Score 

 
Proportion of area within a 
1-mile radius in grass cover 
with <1% canopy cover of 
trees 

1.0 >45% >75% 0  1.0 >90% 
0.85 31 – 45% 51 – 75% <1%  0.9 80 – 89% 
0.60 15 – 30% 25 – 50% 1 – 5%  0.8 70 – 79% 
0.25 <15% <25% >5%  0.7 60 – 69% 
0.05 Tilled Tilled Tilled  0.6 50 – 59% 

     0.5 40 – 49% 
     0.4 30 – 39% 
     0.3 20 – 29% 
     0.2 10 – 19% 
     0.1 1 – 9% 
     0.0 <1% 
Adapted from Van Pelt et al. 2013. 
 

 
 
 
 

Table 12. HEG scores for all evaluation units sampled during the nesting sampling period at the 
Z Bar Ranch in 2021 

 

Evaluation Unit Pasture Min HEG score for 
habitat variables 1-3 

HEG score for habitat 
variable 4 

Final HEG 
score 

16845 N. Cottage Creek 0.85 1.0 0.85 
16802 N. Cottage Creek 1.0 1.0 1.0 
16845a S. Cottage Creek 0.85 1.0 0.85 
16802a S. Cottage Creek 0.85 1.0 0.85 
16834 Fuller 0.25 1.0 0.25 
16793 Fuller 0.85 1.0 0.85 
16852 Sandy Compressor 0.85 1.0 0.85 
16809 Sandy Compressor 0.85 1.0 0.85 
16857 S. River 0.85 1.0 0.85 
16814 S. River 0.85 1.0 0.85 
16858 Yellowstone 0.25 1.0 0.85 
16815 Yellowstone 0.6 1.0 0.6 
16850 Deadman 0.85 0.9 0.765 
16806 Deadman 0.6 1.0 1.0 
16832 Johnson 1.0 1.0 1.0 
16792 Johnson 1.0 1.0 1.0 
16855 Swan Pond 0.85 1.0 0.85 
16812 Swan Pond 0.6 1.0 0.6 



Figure 1. Map detailing the extent of our study area in the mixed-grass prairie 
ecoregion and the location of all leks used in developing habitat suitability models 
predicting lek occurrence. 



Figure 2. Predicted linear and nonlinear relationships between relative lek 
occurrence and habitat predictors for select habitat covariates used in the 
development of our RSF model. Average tree cover exhibited a decreasing 
linear response, average perennial forb and grass cover an increasing 
quadratic response, average cropland a decreasing quadratic response, and 
variation in shrub had a pseudolinear response. 



 

 

Figure 3. Distribution of habitat suitability scores for all lesser prairie-chicken lek 
locations for A) the resource selection function (RSF) model developed using all lek 
locations, B) RSF model developed using stable lek only data, C) Random forest (RF) 
model developed using all lek locations and, D) RF model using stable lek only data. 
Blue dotted line indicates mean habitat suitability score for leks for each model. 



 
 

Figure 4. Predicted probability of lesser prairie-chicken lek occurrence in the 
mixed-grass prairie ecoregion for A) the resource selection function (RSF) 
model developed using all lek locations, B) RSF model developed using stable 
lek only data, C) Random forest (RF) model developed using all lek locations 
and, D) RF model developed using stable lek only data. Please note that each 
model had a different mean habitat suitability score (Table 6) and thus areas 
depicted in red may not fully represent areas of suitable lesser prairie-chicken 
habitat. Cities and major towns are masked out (grey) as they are unavailable 
for lesser prairie-chicken habitat. 

 

 



 

 
 

Figure 5. Variable importance plots for Random forest models developed using A) all lek 
data and B) stable lek only data in predicting the relative probability of lesser prairie-chicken 
lek occurrence in the mixed-grass prairie ecoregion in Kansas, Oklahoma, and Texas. 



 

Figure 6. Identified areas of suitable lesser prairie-chicken habitat for A) the resource 
selection function (RSF) model developed using all lek locations, B) RSF model 
developed using stable lek only data, C) Random forest (RF) model developed using 
all lek locations and, D) RF model developed using stable lek only data. Areas were 
identified by extracting values greater than or equal to the mean habitat suitability 
score for lek locations for each model. 



 
 

Figure 7. Strata sampled in 2021 when conducting vegetative habitat surveys 
at the Z Bar ranch in southcentral Kansas. In total, 14 strata were sampled 
during the nesting period and 15 strata were sampled during the brood rearing 
period. 



 
 

Figure 8. Strata classified as having suitable reproductive habitat are areas 
where over 25% of the random points sampled were classified as having 
suitable nesting (blue), brood rearing (red) or both types of habitat (purple).  
Most areas not sampled were classified as unsuitable for LPCH (i.e., were in 
close proximity to areas with high density of trees or in rough terrain).  



 

Figure 9. Similarity index values recorded during the nesting (A) and brood rearing (B) 
sampling periods for year 2020 and 2021 combined. 



 
 

Figure 10. Distribution of cover values for shrub (A), grass (B), forb (C), litter (D), bare ground (E), 
and VOR for all ecological sites sampled across the 2020 and 2021 nesting sampling period. Areas 
shaded in grey indicate values of VOR (1.5 – 3.5 dm) and bare ground (≤ 10%) used to classify 
random points as suitable nesting habitat for LPCH. 



 

Figure 11. Distribution of cover values for shrub (A), grass (B), forb (C), litter (D), bare ground (E), 
and VOR for all ecological sites sampled across the 2020 and 2021 brood rearing sampling period. 
Areas shaded in grey indicate values of VOR (2 – 5 dm) and forb cover (10 – 35%) used to classify 
random points as suitable brood rearing habitat for LPCH.   



 

 

Figure 12. Relative availability of potential LPCH habitat in the mixed-grassed prairie 
of southcentral Kansas and northwest Oklahoma as described by habitat variable 4 in 
WAFWAs Habitat Evaluation Guide. Availability of habitat was calculated as 
proportion of area within a 1-mile radius of each 30-m x 30-m cell in complete grass 
cover (Van Pelt et al. 2013). 

 


