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EXECUTIVE SUMMARY 

This report summarizes research activities in the first year (2020) of a two-year 

study evaluating habitat suitability for potential reintroductions of lesser prairie-

chickens (LPC) in the southern mixed-grass prairie ecoregion. Primary objectives 

of this study are: 

1) Evaluate the suitability of landscapes for LPC reintroduction and examine 

the effectiveness of recent 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 obtained lek survey data from the Kansas Department of Wildlife, Parks and 

Tourism (KDWPT) and the Oklahoma Department of Wildlife Conservation 

(ODWC) and collated lek locations into a GIS database. In total we have identified 

114 lek locations in Kansas and 188 lek locations in Oklahoma that will be used to 

develop our habitat suitability models. Additionally, we quantified remotely-

sensed habitat conditions within 5-km of any one location for 24 different habitat 

components known to affect LPC habitat use and survival. Newly quantified 

habitat raster layers were then combined into one raster-stack to represent average 

conditions for all habitat components for any one location across the entire 

southern mixed-grass prairie ecoregion. 

During the spring and summer of 2020, we sampled vegetation conditions at 376 

random points across 20 study plots to quantify the abundance of fine-scale 

reproductive habitat available at the Z Bar Ranch in southcentral Kansas. We 

conducted vegetation sampling during the nesting (11–31 May) and brood-rearing 

(12–24 July) periods. Average coverages of vegetation types and mean visual 

obstruction readings (VOR) were summarized across all study plots. During the 



nesting period, mean percent cover of grass, litter, and bare ground, as well as 

VOR, differed noticeably between study plots that had experienced fire within the 

past year and those that had not experienced fire since the Anderson Creek wildfire 

in 2016. Plots that had not burned within the past year had higher grass cover (0.55 

± 0.20 SD vs. 0.38 ± 0.25) and greater VOR (22 ± 13 cm vs. 16 ± 17 cm), but 

lower bare ground (0.10 ± 0.16 vs. 0.26 ± 0.26). We observed similar pattern 

during the brood-rearing sampling period with higher grass cover (0.60 ± 0.17 vs. 

0.47 ± 0.23), litter (0.17 ± 0.11 vs. 0.13 ± 0.17), and greater VOR (28 ± 13.7 cm 

vs. 19 ± 16.4 cm). Forb cover was similar between burned versus unburned areas 

for both sampling periods (nesting: 0.14 ± 0.11 vs. 0.16 ± 0.17, brood-rearing: 0.12 

± 0.08 vs. 0.11 ± 0.08). 

We attempted to gather information on ecological site condition immediately 

surrounding each random point in order to evaluate the utility of using ecological 

site descriptions and a similarity index to monitor reproductive habitat for LPCs in 

the mixed-grass prairie ecoregion. However, several complications arose 

throughout the process of identifying ecological sites prior to going into the field. 

For example, many of the ecological sites located on the Z Bar Ranch fell within 

the major land resource area (MLRA) 78XY; ecological site descriptions under 

MLRA 78XY are currently under revision and were unavailable during both the 

nesting and brood-rearing sampling periods. In an attempt to bypass this obstacle, 

we obtained crosswalks of ecological sites descriptions for MLRA 78XY from the  

Natural Resource Conservation Service (NRCS); however, each ecological site 

crosswalk under MLRA 78XY had two potentially synonymous ecological site 

descriptions, and thus it was difficult to differentiate which one to use. 

Additionally, many soil series are classified as complexes which are made up of 

multiple soil components, each of which has their own ecological site description, 

which made it difficult to assign one ecological site description to any one random 

point. Next, areas around random points would often have a greater production of 

tall grass species in relation to the areas ecological site designation. Finally, the 

majority of similarity index values were classified as having either a high or low 

similarity, with few points falling within the middle categories (e.g., low-moderate, 

moderate, moderate-high similarity) making it difficult to visualize any potential 

relationships between similarity index values and vegetation measurements know 

to affect LPC occurrence or survival (e.g., grass cover and VOR). 

We conducted habitat surveys using methods in the vegetation sampling protocol 

outlined in the lesser prairie-chicken Habitat Evaluation Guide (HEG) developed 

by WAFWA. As WAFWA only conducts vegetation sampling once a year during 

the nesting period, we only collected information during the nesting sampling 

period (11–31 May). Altogether, 32 line-point transects measuring vegetation 



cover and vegetation composition were sampled across 18 evaluation units at the Z 

Bar Ranch. In addition, we recorded ocular estimates of tree cover to estimate 

percent cover of trees in upland portions for each evaluation unit. Finally, we 

quantified the amount of potential suitable habitat using GIS to reclassify areas as 

suitable LPC habitat (e.g., grassland) or non-habitat (e.g., cropland).  

We calculated final HEG scores for all evaluation units sampled at the Z Bar 

Ranch using scores from measured vegetation conditions. The majority of the 

evaluation units received a final HEG score of 0.85–1.0, where 0.1 indicates low 

quality LPC habitat and 1.0 indicates excellent LPC habitat. 

OBJECTIVES 

Objective 1: Evaluate the suitability of landscapes for LPC reintroduction and 

evaluate the effectiveness of recent habitat restoration. 

Accomplishments: 

Primary accomplishments under objective 1 include collecting, organizing, and 

proofing lek survey data collected during 2009–2019 by the Kansas Department of 

Wildlife, Parks, and Tourism (KDWPT) and the Oklahoma Department of Wildlife 

Conservation (ODWC). Lek survey data were collated across administrative 

jurisdictions and organized into seven common fields in ArcGIS: lek id, year, state, 

latitude, longitude, LPC count (i.e., number of individual LPCs counted during the 

lek survey at each lek), and notes. Observations that had a defined location but a 

LPC count of zero were assumed to have been identified as a lek during a survey 

but a count of the lek was not conducted (Brett Cooper, ODWC, personal 

communication). In cases where a single lek was surveyed multiple times a single 

year, the survey with the highest lek count was retained. In total, we identified 114 

lek locations in Kansas and 188 lek locations in Oklahoma (Fig. 1). Notably, 

several lek locations in Oklahoma were only observed one time during the 10-year 

survey period, possibly corresponding to years of more intensive lek surveys (e.g., 

2015 and 2019). 



 

Figure 1. Lesser prairie-chicken lek locations in Kansas and Oklahoma to use in the development 

of habitat suitability models. 

 

We downloaded all geospatial layers representing habitat conditions needed for the 

development of habitat suitability models and resampled them to 30-m x 30-m 

resolution rasters (Table 1). We then conducted a 5-km buffered moving-window 

analysis on each raster to generate a new raster layer depicting percent cover of 



trees, density of oil wells, etc. within 5 km of every 30-m2 cell. We used the R 

package ‘raster’ to generate a raster stack of output rasters to represent average 

conditions for all habitat components across the entire southern mixed-grass prairie 

ecoregion (Bivand et al. 2013, Hijmans and Etten 2013). 

 

Table 1. Description of habitat components to be used in the development of habitat suitability 

models 

Name Source Description Justification 

Perennial grass 

and forb cover 

Rangeland Analysis Platform (2019) Average perennial 

cover w/in each 5-

km buffer  

Identified positive 

relationship b/w increased 

grassland cover and LPC 

abundance (Woodward et 

al. 2001) 

Annual grass 

and forb cover 

Rangeland Analysis Platform (2019) Average annal 

cover w/in each 5-

km buffer 

Potential negative 

relationship b/w increased 

cover of annual forbs and 

grass and LPC occurrence 

(Lautenbach et al. 2019) 

Bare ground 

 

Rangeland Analysis Platform (2019) Average cover of 

bare ground w/in 

each 5-km buffer 

Identified negative 

relationship b/w increased 

bare ground and nesting 

success, but positive w/ 

brood survival (Lautenbach 

et al. 2019) 

Litter cover 

 

Rangeland Analysis Platform (2019) Average cover of 

litter w/in each 5-

km buffer 

Identified positive 

relationship b/w increased 

litter and nest success 

(Lautenbach et al. 2019). 

Tree cover  Rangeland Analysis Platform (2019) Average tree 

cover w/in each 5-

km buffer 

Identified negative 

relationship b/w increased 

tree cover and LPC 

abundance (Lautenbach et 

al. 2017) 

Distance to 

tree 

National Agriculture Imagery  

Program (NAIP) 2019 

Distance of grid 

cells to nearest 

tree 

Identified negative 

relationship b/w LPC 

habitat use and decreased 

distance to tree 

(Lautenbach et al. 2017) 

Agriculture 

cover 

National Agriculture Statistics Service (2019) Proportion of grid 

cells classified as 

tilled agriculture 

Identified negative 

relationship b/w increased 

cropland cover and LPC 

abundance (Woodward et 

al. 2001) 



Oil well 

density 

Kansas GIS Data & Support Center (2019) 

Oklahoma Corporation Commission (2019) 

Texas Railroad Commission (2020) 

 

Density of oil and 

gas well locations 

w/in 5-km buffer 

Identified negative 

relationship b/w greater oil 

well densities and LPC 

habitat selection (Hagen et 

al. 2011, Plumb et al. 

2019) 

Distance to oil 

well 

Kansas GIS Data & Support Center (2019) 

Oklahoma Corporation Commission (2019) 

Texas Railroad Commission (2020) 

 

Distance of grid 

cells to nearest oil 

well 

Potential negative 

relationship b/w decreased 

distance to oil well and 

LPC habitat use (Hagen et 

al. 2011) 

Density of 

transmission 

lines 

Homeland Infrastructure Foundation-level 

Data (2020) 

Density of 

transmission/pow

er lines w/in 5-km 

buffer 

Identified negative 

relationship b/w density of 

transmission/powerlines 

lines and LPC habitat use 

(Hagen et al. 2011, 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 b/w density of 

transmission/powerlines 

lines and LPC habitat use 

(Hagen et al. 2011, Plumb 

et al. 2019) 

Distance to 

highway 

 

Kansas GIS Data & Support Center (2017) 

Oklahoma Corporation Commission (2012) 

Texas Department of Transportation (2020) 

 

Distance of grid 

cells to nearest 

highway 

Identified negative 

relationship b/w distance to 

highways and LPC habitat 

use (Hagen et al. 2011, 

Plumb et al. 2019) 

 

Distance to 

roadway 

 

Kansas GIS Data & Support Center  (2017) 

Oklahoma Corporation Commission (2017) 

Texas Department of Transportation (2020) 

 

Distance of grid 

cells to nearest 

roadway 

Identified negative 

relationship b/w density of 

and distance to roads and 

LPC 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 w/in 5-

km buffer 

Identified negative 

relationship b/w density of 

and distance to roads and 

LPC habitat selection 

(Hagen et al. 2011, Plumb 

et al. 2019) 

 

Density of 

windmills 

US Energy Information Administration (2019) Density of 

windmills w/in 5-

km buffer 

Potential negative 

relationship b/w windmill 

density and prairie grouse 



habitat use (Coppes et al. 

2020){,  #953@@hidden} 

Distance to 

windmill 

 

US Energy Information Administration (2019) Distance of grid 

cells to nearest 

windmill 

 

Potential negative 

relationship b/w distance to 

windmill and prairie 

grouse habitat use (Coppes 

et al. 2020) 

Variation in 

average 

perennial grass 

and forb cover 

 

Rangeland Analysis Platform (2019) Standard 

deviation of 

average perennial 

cover  

Identified positive 

relationship between 

increased heterogeneity in 

grassland landscapes and 

LPC habitat use and 

survival (Fuhlendorf et al. 

2002, Lautenbach 2017) 

Variation in 

average annual 

grass and forb 

cover 

 

Rangeland Analysis Platform (2019) Standard 

deviation of 

average annual 

cover  

Identified positive 

relationship between 

increased heterogeneity in 

grassland landscapes and 

LPC habitat use and 

survival (Fuhlendorf et al. 

2002, Lautenbach 2017) 

Variation in 

average bare 

ground 

 

Rangeland Analysis Platform (2019) Standard 

deviation of 

average bare 

ground 

Identified positive 

relationship between 

increased heterogeneity in 

grassland landscapes and 

LPC habitat use and 

survival (Fuhlendorf et al. 

2002, Lautenbach 2017) 

Variation in 

average litter 

cover 

 

Rangeland Analysis Platform (2019) Standard 

deviation of 

average litter 

cover 

Identified positive 

relationship between 

increased heterogeneity in 

grassland landscapes and 

LPC habitat use and 

survival. (Fuhlendorf et al. 

2002, Lautenbach 2017) 

Annual 

summer 

temperature 

USFS (1961-1990) Average annual 

summer 

temperature w/in 

5-km buffer 

 

 

Identified negative 

relationship between 

greater mean annual 

temperatures and LPC 

reproductive success and 

survival (Grisham et al. 

2014) 



Annual 

precipitation 

USFS (1961-1990) Average annual 

precipitation w/in 

5-km buffer 

 

 

Large scale ecological 

driver influencing 

grassland production. 

Carry over effects for LPC 

survival (Geisen 2000) 

Elevation 

 

National Elevation Data (2013) Average elevation 

w/in 5-km buffer 

Potential positive 

relationship b/w higher 

elevations and LPC habitat 

use (Hagen and Geisen 

2005) 

Roughness National Elevation Data (2013) Standard 

deviation of 

elevation w/in 5-

km buffer 

Potential negative 

relationship b/w LPC 

habitat use and rough 

terrain (Hagen and Geisen 

2005) 

 

Goals For Next Quarter 

We will develop and evaluate preliminary habitat suitability models using resource 

selection functions and randomized classification trees (e.g., Random Forests). 

Different combinations of presence of lek in years and LPC count will be used to 

develop a tiered classification system where the most stable leks will have the 

highest counts of birds for a specified number of years. 

Objective 2: Quantify the abundance of reproductive habitats for an area 

participating in incentive-based conservation program.  

Accomplishments: 

Efforts this year focused on developing and implementing habitat surveys at the Z 

Bar Ranch in southcentral Kansas. Initial efforts included constructing field 

equipment, developing data sheets, and identifying sampling plots. Subsequent 

efforts included conducting habitat surveys to quantify the amount of fine-scale 

reproductive habitat available for LPCs. We also evaluated the relative condition 

of ecological sites at random points in order to assess the utility of using ecological 

site descriptions and a similarity index to monitor reproductive habitat in the 

mixed-grass prairie ecoregion. 

Quantifying available nesting and brood rearing habitat.— During the spring and 

summer of 2020, we sampled vegetation conditions at 376 randomly-selected 

survey points within 20 study plots to quantify the abundance of fine-scale 



reproductive habitat available at the Z Bar Ranch in southcentral Kansas. Study 

plots were stratified by pasture, and then by soil type (i.e., loamy, clayey, sandy) 

where each strata had one study plot. We then generated 30 random points within 

each stratified study plot using the tools of ArcMap 10.3 (Environmental Systems 

Researh Institute, Redlands, CA, U.S.A).  Sampling periods were divided into the 

nesting (11–31 May) and brood-rearing (12–24 July) periods (Hagen and Giesen 

2005).   

We conducted vegetation surveys at an initial 5 of the 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 vegetation 

measurements using the following equation: 

𝑛 = (𝑍𝛼 ) 2 (𝑠) 2 ÷ (𝐵) 2 

where n is the uncorrected sample size needed, 𝑍𝛼 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 

determine whether our sampling effort was sufficient to account for within study 

plot variation. However, due to the amount of time and resources available we 

were limited as to how many points we were able to sample per study plot; for 

example, study plots with recently burned areas (prescribed and natural) had 

greater variation and thus were difficult to adequately sample. Nonetheless, study 

plots with higher levels of variation were given priority over other study plots with 

≥20 points surveyed in each stratum. 

At each random point surveyed, we evaluated LPC nesting and brood-rearing 

habitat conditions using methods adopted from Lautenbach 2015. 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 m and a height of 1 m. Additionally, we 

measured litter depth at 0.5-m increments along each 4-m stretch from the point 

center to each subsampling frame. Random points that fell within non-habitat (e.g., 

rough terrain, water, etc.) were not used and we moved on to the next randomly 

selected random point.  



We sampled 167 random points within 15 study plots during the nesting sampling 

period and 209 random points within 16 study plots during the brood-rearing 

sampling period (Tables 2 & 3). About 85% of all sampling points were located in 

loamy sites (Table 4) as the majority of the Z Bar Ranch is made up of ecological 

sites that have a loamy family particle size, and much of the clayey and sandy sites 

were located in areas where LPCs are unlikely to occur, such as in water, flood 

plains, or rough terrain (Haukos and Zavaleta 2016).  

During the nesting period, average percent bare ground across all study plots at the 

Z Bar Ranch ranged from a minimum of about 1% and a maximum of about 25% 

(0.19 ± 0.23 SD), and mean VOR ranged from a minimum of 1 cm to a maximum 

of 32 cm (19 ± 15 cm). Average grass cover ranged from about 19% to 67% (0.47 

± 0.24) and average litter ranged from 8 % cover to 43% (0.20 ± 0.16). Mean forb 

cover was relatively consistent across study plots ranging from a minimum of 8% 

to a maximum of 25% (0.15 ± 0.15). Litter depth was high across all study plots 

relative to other studies that have quantified litter depth (29.40 ± 30.01, Table 2; 

Lautenbach 2015, Gehrt et al. 2020). 

Lesser prairie-chicken brood-rearing habitat selection has consistently been 

characterized as having greater forb cover and greater VOR (Jamison et al. 2002, 

Hagen et al. 2005, Lautenbach 2015). During the brood-rearing sampling period, 

average forb cover was relatively consistent across study plots, ranging from a 

minimum of 7% and a maximum of 16% (0.11 ± 0.08) and VOR ranged from a 

minimum of 6 cm and a maximum of 39 cm (24 ± 16 cm). Average grass cover 

ranged from a minimum of 35% and a maximum of 74% (0.54 ± 0.21), average 

bare ground ranged from 3% and 38 % (0.19 ± 0.23) and average litter cover 

ranged from 5%–37% (0.16 ± 0.14 SD). Again, mean litter depth was relatively 

high, with only minor differences in study plot averages when compared to the 

nesting period (28.09 ± 30.33 SD, Table 3). 

Throughout the nesting period, average cover of grass, litter, and bare ground, as 

well as VOR, differed between study plots that had experienced a recent fire and 

those that had not experienced fire since the Anderson Creek wildfire in 2016. 

Relative to areas that had experienced a recent fire, plots that had not seen fire 

since the Anderson Creek fire in 2016 had higher grass cover (0.55 ± 0.20 vs. 0.38 

± 0.25), and greater VOR (22 ± 13 cm vs. 16 ± 17 cm), but lower bare ground 

cover (0.10 ± 0.16 vs. 0.26 ± 0.26). Additionally, while standard deviations of 

average cover estimates were high across all study plots, they were greatest for 

study plots who had experienced recent fire, likely due to the fact that some points 

were located in burned areas and some were located outside of the fire’s extent. 



One exception was study plot SL where all but one random point was located in 

burned areas of the study plot (Fig. 2 & 4).  

 

 

Figure 2. Average cover of grass (A), forb (B), litter (C), and bare ground (D) for all study plots 

sampled at the Z Bar Ranch in southcentral Kansas during the 2020 nesting sampling period. 

Blue boxes indicate study plots that have recently experienced fire in the past year and red 

indicates those that have yet to experience fire since the Anderson Creek wildfire in 2016. 

 

 



 

Figure 3. Average cover of grass (A), forb (B), litter (C), and bare ground (D) for all study plots 

sampled at the Z Bar Ranch in southcentral Kansas during the 2020 brood rearing sampling 

period. Blue boxes indicate study plots that have recently experienced fire in the past year and 

red indicates those that have yet to experience fire since the Anderson Creek wildfire in 2016. 

 

We observed similar patterns for study plots during the brood-rearing sampling 

period (Fig. 3 & 4). Study plots that had recently experienced fire generally had 

higher grass cover (0.60 ± 0.17 SD vs. 0.47 ± 0.23) and greater VOR (28 ± 13.7 

cm vs. 19 ± 16.4 cm), but lower bare ground cover (0.10 ± 0.13 vs. 0.29 ± 0.27). 

Forb cover was relatively the same when averaged across burned versus unburned 

areas for both sampling periods (nesting; 0.14 ± 0.11 vs. 0.16 ± 0.17, brood-

rearing; 0.12 ± 0.08 vs. 0.11 ± 0.08). 

 

 

 



Figure 4. Average visual obstruction readings (VOR) for all study plots sampled at the Z Bar 

Ranch in southcentral Kansas during the 2020 nesting (A) and brood-rearing (B) sampling 

periods. Blue boxes indicate study plots that have recently experienced fire in the past year and 

red indicates those that have yet to experience fire since the Anderson Creek wildfire in 2016. 

 

Examining availability of reproductive habitat in relation to ecological site 

condition.— We identified the ecological site that each random point fell within 

and characterized the relative ecological site condition within and immediately 

surrounding each random point using a similarity index (NRCS 2003, USDA 

2006). In total, we evaluated ecological site conditions at 376 random points across 

13 ecological sites during both the nesting and brood-rearing sampling periods 

(Table 4). 

By definition, an ecological site is “a distinctive kind of land based on recurring 

soil, landform, geological, and climate characteristics that differs from other kinds 

of land in its ability to produce distinctive kinds and amounts of vegetation and in 

its ability to respond similarly to management actions and natural disturbances” 

(USDA 2006). Ecological sites are part of a nested hierarchical classification 

framework that breaks the landscape up into manageable categorical classes of 

differing plant communities, where ecological sites are nested within broad scale 

major land resource areas (MLRA) which are nested within even broader scaled 

land resource regions (LRR). MLRAs divide up land areas with similar elevation, 

topography, climate, water, soils, biological sources, and land uses and LRRs 

divide the landscape up into areas of similar agronomic potential (USDA 2006).  

Ecological site descriptions (ESD) provide full reports on the climate, soil, 

hydrology, ecological dynamics, and the historical plant community for each 

 



 

 

 

Table 2: Plot-level averages and standard deviations for all vegetation measurements during the nesting sampling period at 

the Z Bar Ranch in southcentral Kansas. 

Plot 

ID 
Pasture 

Family 

Particle 

Sample 

size 

Ave 

shrub 

cover 

SD 

shrub 

cover 

Ave. 

grass 

cover 

SD 

grass 

cover 

Ave. 

bare 

ground 

SD 

bare 

ground 

Ave. 

forb 

cover 

SD 

forb 

cover 

Ave. 

litter 

cover 

SD 

litter 

Ave. 

VOR 

(cm) 

SD 

VOR 

DC Deadman Clayey 10 0.00 0.00 48.42 25.12 25.66 26.03 10.48 8.53 15.44 12.11 15 8.22 

DL Deadman Loamy 11 0.18 0.40 57.42 22.04 14.51 23.82 12.64 11.27 15.16 5.82 20 11.69 

FL Fuller Loamy 10 2.20 6.48 38.66 15.85 4.54 4.53 18.28 11.25 36.32 9.67 27 15.76 

FSL Five Sign Loamy 8 1.75 4.95 52.53 8.77 13.33 12.36 12.35 5.80 20.05 12.91 19 10.59 

JC Johnson Clayey 8 0.13 0.35 62.08 14.61 1.05 1.83 27.00 14.38 13.33 12.53 19 6.26 

JL Johnson Loamy 7 0.29 0.76 66.77 21.00 3.56 2.13 7.27 6.21 20.17 20.41 32 16.00 

NCL N. Cottage  Loamy 20 0.02 0.09 37.06 28.75 31.55 27.64 15.78 14.76 15.27 13.82 14 15.06 

SC Sandy C. Clayey 10 0.30 0.95 28.82 23.89 31.84 16.33 23.98 17.94 15.16 8.01 5 6.75 

SL Sandy C. Loamy 10 0.00 0.00 18.50 11.43 65.17 10.91 8.48 3.84 7.85 83.74 1 1.19 

SCL S. Cottage Loamy 8 0.04 0.17 66.54 17.77 7.28 11.32 10.44 5.49 15.70 8.18 23 10.87 

SPL Swan Pond Loamy 14 0.46 1.34 36.33 19.31 29.24 27.33 9.04 7.87 24.93 13.36 19 25.65 

SRC South River Clayey 10 0.10 0.31 40.88 25.73 16.96 23.2 20.66 20.80 22.30 21.30 21 16.58 

SRL South River Loamy 17 0.32 0.98 53.27 23.70 14.69 17.18 12.28 10.85 19.32 20.72 20 17.28 

TSL Two Sign Loamy 10 5.66 7.80 54.86 14.87 7.14 5.97 18.16 10.09 14.50 7.59 27 15.15 

YSL Yellowstone Loamy 14 0.14 0.50 33.76 24.38 6.48 15.78 17.33 15.13 42.96 22.58 22 9.68 



Table 3: Plot-level averages and standard deviations for all habitat measurements during the brood rearing sampling period at the Z 

Bar Ranch in southcentral Kansas 

Plot 

ID 
Pasture 

Family 

Particle 

Sample 

size 

Ave 

shrub 

cover 

SD 

shrub 

cover 

Ave. 

grass 

cover 

SD 

grass 

cover 

Ave. 

bare 

ground 

SD 

bare 

ground 

Ave. 

forb 

cover 

SD 

forb 

cover 

Ave. 

litter 

cover 

SD 

litter 

Ave. 

VOR 

(cm) 

SD 

VOR 

DC 

 

Deadman 

 

Clayey 

 

9 

 

0.11 

 

0.33 

 

70.24 

 

11.02 

 

11.5 

 

11.03 

 

9.47 

 

5.13 

 

8.68 

 

9.00 

 

24 

 

9.00 

 

DL 

 

Deadman 

 

Loamy 

 

19 

 

0.37 

 

1.38 

 

63.59 

 

16.88 

 

8.57 

 

13.90 

 

10.57 

 

6.91 

 

16.91 

 

13.26 

 

28 

 

13.26 

 

EHL 

 

E. Hummon 

 

Loamy 

 

11 

 

11.28 

 

16.62 

 

53.31 

 

23.84 

 

13.96 

 

14.99 

 

9.68 

 

6.06 

 

13.34 

 

15.80 

 

31 

 

15.80 

 

EHS 

 

E. Hummon 

 

Loamy 

 

11 

 

4.04 

 

8.19 

 

50.85 

 

17.32 

 

10.05 

 

11.38 

 

11.37 

 

6.39 

 

24.36 

 

12.99 

 

33 

 

12.99 

 

FC 

 

Fuller 

 

Clayey 

 

8 

 

0.00 

 

0.00 

 

39.82 

 

7.92 

 

11.95 

 

11.25 

 

10.72 

 

6.58 

 

37.50 

 

5.93 

 

28 

 

5.93 

 

FL 

 

Fuller 

 

Loamy 

 

10 

 

1.90 

 

4.43 

 

66.30 

 

7.86 

 

3.49 

 

3.30 

 

13.21 

 

7.33 

 

15.10 

 

9.73 

 

39 

 

9.73 

 

JC 

 

Johnson 

 

Clayey 

 

7 

 

0.00 

 

0.00 

 

63.32 

 

7.95 

 

3.00 

 

1.63 

 

24.2 

 

10.52 

 

11.23 

 

8.57 

 

21 

 

8.57 

 

JL 

 

Johnson 

 

Loamy 

 

8 

 

0.00 

 

0.00 

 

73.75 

 

13.76 

 

8.00 

 

16.05 

 

7.67 

 

6.11 

 

10.20 

 

14.20 

 

37 

 

14.20 

 

NCL 

 

N. Cottage 

 

Loamy 

 

23 

 

0.00 

 

0.00 

 

43.07 

 

18.58 

 

35.90 

 

25.91 

 

13.42 

 

9.58 

 

8.00 

 

13.55 

 

14 

 

13.55 

 

SBC 

 

S. Bouz 

 

Clayey 

 

11 

 

0.00 

 

0.00 

 

45.82 

 

12.16 

 

18.95 

 

15.69 

 

16.00 

 

7.44 

 

19.14 

 

6.23 

 

13 

 

6.23 

 

SBL 

 

S. Bouz 

 

Loamy 

 

6 

 

0.00 

 

0.00 

 

74.00 

 

5.44 

 

2.67 

 

4.72 

 

8.57 

 

5.65 

 

14.77 

 

18.94 

 

33 

 

19.93 

 

SCL 

 

S. Cottage  

 

Loamy 

 

11 

 

0.00 

 

0.00 

 

60.82 

 

16.54 

 

12.54 

 

18.48 

 

9.09 

 

6.78 

 

17.19 

 

12.14 

 

23 

 

12.13 

 

SL 

 

Sandy C. 

 

Loamy 

 

19 

 

0.03 

 

0.14 

 

34.52 

 

14.75 

 

47.90 

 

25.59 

 

8.89 

 

6.70 

 

8.67 

 

4.11 

 

6 

 

4.11 

 

SPL 

 

Swan Pond 

 

Loamy 

 

18 

 

0.83 

 

2.36 

 

52.30 

 

19.85 

 

33.50 

 

22.5 

 

7.94 

 

4.27 

 

5.32 

 

20.36 

 

21 

 

20.36 

 

SRL 

 

South River 

 

Loamy 

 

18 

 

0.28 

 

0.12 

 

54.19 

 

26.83 

 

20.98 

 

28.9 

 

8.13 

 

5.95 

 

16.92 

 

20.12 

 

26 

 

20.11 

 

YSL 

 

Yellowstone 

 

Loamy 

 

20 

 

0.00 

 

0.00 

 

53.10 

 

27.40 

 

3.97 

 

9.32 

 

14.40 

 

10.27 

 

28.68 

 

9.65 

 

28 

 

9.65 

 



distinct ecological site, where historical plant communities are described by the 

amount, types, and proportions of different plant species that represent the natural 

vegetation condition at the time of European settlement. Many range activities, or 

lack thereof, can influence changes in historical plant communities and thus 

existing plant communities are often different from what was established as the 

historical plant community for a specific ecological site. For example, plant 

communities that are subject to continued disturbance (e.g., overgrazing), or 

alternatively, lack of natural disturbances (e.g., natural fires), will rarely resemble 

the historical plant community. As such, comparisons between the present and 

historical plant community can be used to monitor the extent and direction of 

changes in vegetation composition over time and is often described using a 

similarity index (NRCS 2003). 

 

Table 4: Summary of ecological sites sampled and evaluated for their similarity index value 

during both the nesting and brooding periods at the Z Bar Ranch in southcentral Kansas 
Ecological Site Sampled Family Particle Size Number of Transects 

 

Loamy Upland; R078CY056OK 

 

Loamy 

 

178 

Sandy Loam; R079XY122KS Loamy 45 

Shallow Upland; R078CY083OK Loamy 39 

Loamy Upland; R080AY056OK Loamy 18 

Clayey Breaks; R078CY006OK Clayey 14 

Clayey Bottomland; R078CY094TX Clayey 10 

Loamy Bottomland; R078CY103TX Loamy 19 

Sand Hills; R078CY107KS Loamy 30 

Rolling Sands; R078CY014OK Loamy 4 

Loamy Hills; R076XY100KS Loamy 8 

Claypan Upland North; R080AY010OK Clayey 7 

Dune; R080AY022OK Sandy 5 

Clayey Plains; R079XY107KS Clayey 20 

 

We attempted to examine relationships between ecological site condition and the 

amount of nesting and brood rearing habitat by comparing similarity index values 

to percent cover of native grasses, shrubs, forbs, litter, bare ground, and VOR at 

each random point. To do this, we visually estimated the current proportion of tall 

grass production present, specifically big bluestem, little bluestem, Indiangrass, 

and switchgrass, and compared it to the amount of tall grass production under each 

ecological site descriptions respective 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. However, if we estimated the current 

coverage of a site to be 25% tall grass species, the similarity index score would be 
25

78
 = 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. 

 
Figure 5. Average cover of grass (A), forb (B), litter (C), and bare ground (D) for all ecological 

sites sampled at the Z Bar Ranch in southcentral Kansas during the 2020 nesting sampling 

period.  

 

Several complications arose throughout the process of identifying ecological sites 

prior to going into the field. First, many of the ecological sites located on the Z Bar 

Ranch fell within the MLRA 78XY. Ecological site descriptions under 78XY are 

currently under revision and were unavailable during both the nesting and brood-

rearing sampling periods. Thus, we obtained crosswalks of ecological sites 

descriptions for MLRA 78XY from NRCS; however, each ecological site 

crosswalk under MLRA 78XY had two potentially synonymous ecological site 



descriptions, and thus it was difficult to differentiate which one to use. For 

example, R079XY115KS or R078CY056OK were reported in the crosswalk as 

 

Figure 6. Average cover of grass (A), forb (B), litter (C), and bare ground (D) for all ecological 

sites sampled at the Z Bar Ranch in southcentral Kansas during the 2020 brood rearing sampling 

period.  

 

both being potentially analogous to R078XY017KS. Unfortunately, tall grass 

production for the historical plant climax community for R079XY115KS and 

R078CY056OK are considerably different; R079XY115KS has about ~48% tall 

grass production and R078CY056OK has ~78%, making it difficult to feel 

confident when identifying ecological sites and estimating similarity index values 

at random points. Additionally, many soil series are classified as complexes which 

are made up of multiple soil components, each of which has their own ecological 

site description. This, again, made it difficult to accurately identify which 

ecological site to use. For example, the Kingfisher-Vernon complex is made up of 

70% Kingfisher soil and 30% Vernon soil, both of which are associated with 

 



different ecological site descriptions. Nonetheless, I assumed all random points 

located in map units classified as soil complexes were associated with the soil 

series and ecological site descriptions that made up a majority of the complex and 

used them to classify similarity index values (e.g., Kingfisher soil and 

R080AY056OK in the Kingfisher-Vernon complex).  

Difficulties also arose in the field when assessing the area around random points 

for their similarity index value. Often areas around random points would have a 

greater production of tall grass in relation to the areas ecological site designation. 

For example, the ecological site description for R078CY083OK indicated ~34% 

tall grass production under the historical climax plant community; however, many 

if not all random points located in R078CY083OK had 70–90% tall grass 

production, exceeding the maximum amount of tall grass production by about 35–

65%.  Additionally, the majority of random points sampled were classified as 

either having a high similarity index value or a low similarity index value, with 

few points falling within the middle categories (e.g., low-moderate, moderate, 

moderate-high similarity) making it difficult to visualize any potential relationships 

between similarity index values and vegetation measurements known to affect LPC 

occurrence or survival (e.g. grass cover and VOR). Potential, however speculative, 

causes for this relationship may be related to recent grazing patterns and fire 

regimes on the Z Bar Ranch. Following the Anderson Creek wildfire in 2016 the Z 

Bar has seen very little fire until August 2019. Since then about 6,000 acres have 

burned (natural and prescribed) with the majority of it occurring in March and 

April of 2020 (~4,300 acres). Additionally, much of the ranch has experienced 

minimal grazing pressure, allowing the ranch to reach and maintain its historical 

climax plant community. Combined this makes for only two types of disturbance 

regimes instead of having multiple levels of grazing/fire regimes in between: 1) 

little-to-no grazing and fire and 2) areas with moderate grazing and very recent 

fire. Thus, only having two disturbance regimes may have resulted in the majority 

of the random points being classified as having low-or-high similarity index 

values.  

Goal For Next Quarter: 

We will quantify the amount of nesting and brood rearing habitat available within 

each study plot during 2020 nesting and brood-rearing sampling periods using the 

following equations: 

Ntotal = (N ÷ X) * A 

Btotal = (B ÷ X) * A 



where 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 within 

each study plot and A is the number of acres sampled within each strata. Acres will 

be summed up across each strata sampled, excluding any areas where LPCs are 

unlikely to occur, such as in water, flood plains, or rough terrain.  Additionally, 

given the difficulties that arose during our attempts to identify ecological sites and 

assign similarity index values, we will reassess the data we have obtained to 

potentially modify our subobjectives under objective 2.   

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. 

Initial efforts in 2020 focused on obtaining field equipment, identifying evaluation 

units, and conducting vegetation surveys using WAFWAs’ vegetation sampling 

protocols. 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). Evaluation units in this study were 

delineated by WAFWA at the time of the Z Bar’s enrollment in WAFWAs’ LPC 

program in 2014 and are defined as similarly managed areas of homogeneous 

vegetation within a study area (Van Pelt et al. 2013). 

Under WAFWAs HEG there are four habitat variables that make up the overall 

habitat suitability score for an evaluation unit: 1) average vegetation cover, 2) 

vegetation composition, 3) percent cover of tall woody plants >3 ft 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 5, Van Pelt et al. 2013). 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 specified in objective 2. Transects were placed in areas 

found to be representative of the current plant community and structure throughout 

the entire evaluation unit. We collected vegetation 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 living plants height within a 6-inch radius at every 10-foot interval. We 

then estimated vegetation cover (habitat variable 1) and species composition 

(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 LPCs 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, 

(habitat variable 3, Van Pelt et al. 2013).  

To measure habitat variable 4, we used protocols developed by WAFWAs’ former 

GIS Specialist, Mike Houts (Mike Houts, WAFWA, personal communication). We 

obtained landcover classifications at a 30-m × 30-m 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, etc. We then obtained shapefiles of roads from the Kansas GIS Data and 

Support Center and the Oklahoma GIS Data Clearinghouse and buffered highways 

to 50 meters and county roads 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-m resolution. 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 to create a  final ‘Potential Suitable 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 are classified into 5 different 

categories where a score of 1.0 indicates high-quality LPC habitat and 0.05 

indicates low-quality LPC habitat (Table 5). Vegetation cover (habitat variable 1) 

was calculated by taking the total number of growth forms that hit the wire divided 

by the total number of hits possible (306). Scores for species composition (habitat 

variable 2) were defined by the relative cover of  grasses and shrubs preferred by 

LPCs, 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). Finally, scores of tree cover for habitat variable 3 were sorted 



into five different classes: 0%, <1%, 1–5%, >5% tree cover, and tilled land (Van 

Pelt et al. 2013).  

 

Table 5: WAFWA HEG classification scores for habitat variables 1 – 4 used to determine habitat 

evaluation guide scores for each evaluation unit. 
Habitat variable 1 – 3  Habitat variable 4 

 

Score 

 

Vegetation cover 

 

Vegetation 

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. 

 

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 5, Van Pelt et al. 2013). 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. 

6, Table 6). 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 LPC habitat 

(i.e., grassland and not cropland, forest or urban areas; Fig. 7). 

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 5). 

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 LPC habitat (Table 6).  

 

 



Table 6: HEG scores for all evaluation units sampled during the nesting sampling period at 

the Z Bar Ranch in southcentral Kansas 

Evaluation Unit Pasture Min HEG score for 

habitat variables 1-3 

HEG score for habitat 

variable 4 

Final HEG 

score 

16845 North Cottage Creek 0.85 1.0 0.85 

16802 North Cottage Creek 1.0 1.0 1.0 

16845a South Cottage Creek 0.85 1.0 0.85 

16802a South 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 South River 0.85 1.0 0.85 

16814 South 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 7. Relative availability of potential LPC 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). 
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