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Abstract
The contribution of renewable energy to meet world-

wide demand continues to grow. In the United States, wind 
energy is one of the fastest growing renewable energy sec-
tors. Throughout the Great Plains of the United States, wind 
facilities often are placed in open landscapes of high-elevation 
grasslands, and those same habitats support sharp-tailed 
grouse (Tympanuchus phasianellus), a resident gamebird spe-
cies. To assess the feasibility of using independently derived, 
long-term datasets gathered in North Dakota and South Dakota 
to determine whether wind facilities affected lek metrics, the 
U.S. Geological Survey obtained six datasets and identified 
37 study sites, 9 of which contained wind turbines at varying 
densities. The association between explanatory variables that 
described geographic, landscape, and climatic attributes with 
two primary response metrics that described lekking activity 
within study sites—lek density (leks per square kilometer) 
and mean number of males per lek—was examined. The 
explanatory variables included number of turbines, geographic 
location, elevation, land-cover attributes available from 
satellite-derived land-cover data, soil moisture, precipitation, 
and temperature. Sampling units consisted of township-sized 
blocks, and lek information came from roadside surveys. 
Low sample sizes of constructed wind facilities available at 
the time of analysis did not lend itself to advanced statisti-
cal techniques, such as employing a rigorous design structure 
or assessing accuracy on landscape, geographic, or climatic 
variables. Given the quality of the data, the estimates obtained 
for lek density and mean number of males per lek should be 
considered approximations; however, these estimates have 
value in designing future studies, such as providing estimates 
for power analyses to determine sufficient sample size. No 
strong associations were found between the included explana-
tory variables and response variables (when these variables 
were measured as described in this report for township-sized 
blocks). The strongest association was that lek density and 
mean number of males per lek increased from South Dakota 
to North Dakota. Owing to the highly unbalanced distribution 

of turbine and nonturbine study sites across the study area, the 
analysis with wind turbines was inconclusive. The constraints 
under which the analysis can be used and the limitations of the 
independently derived datasets in attempted applications are 
discussed.

Introduction
Worldwide energy demands to meet human social and 

economic needs continue to grow, contributing to global 
climate change (Intergovernmental Panel on Climate Change, 
2022). Calls for increased global sustainability that amelio-
rate climate change encourage a rapid transition to a stronger 
reliance on renewable energy (Díaz and others, 2019). In 
the United States, growth in the renewable-energy sectors of 
solar and wind is estimated to increase from 15 percent of 
U.S. generation capacity in 2022 to 39–59 percent by 2050 
(U.S. Energy Information Administration, 2023), with most 
of that growth projected for the North American Great Plains 
(U.S. Department of Energy, 2022). North Dakota and South 
Dakota have abundant wind resources and routinely rank 
among the top 20 wind-producing states (U.S. Department 
of Energy, 2022). These two States and Montana also har-
bor the highest relative abundances of sharp-tailed grouse 
(Tympanuchus phasianellus) throughout the species’ annual 
life cycle (Fink and others, 2021). Thus, the expansive grass-
lands of the northern mixed-grass prairie are vital to the con-
tinued persistence of this species (South Dakota Department 
of Game, Fish and Parks, 2022). The sharp-tailed grouse is 
a Level II Priority Species and a Species of Conservation 
Priority in North Dakota (Dyke and others, 2015), and a Level 
I Priority Species and Grassland Species of Concern in South 
Dakota (Bakker, 2005). The adverse effects of wind-energy 
development, including the fragmentation of habitat and dis-
ruptive activities associated with an operational wind facility, 
are cause for alarm for species of prairie grouse (Allison and 
others, 2019; Lloyd and others, 2022). Although few studies 
have evaluated the effect of wind facilities on sharp-tailed 
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grouse (Proett and others, 2019), studies involving lesser 
prairie-chickens (Tympanuchus pallidicinctus), greater prairie-
chickens (Tympanuchus cupido), and greater sage-grouse 
(Centrocercus urophasianus) indicate the possibility of habitat 
loss, habitat fragmentation, displacement, and demographic 
effects (Rowland, 2019; Jamison and others, 2020; Svedarsky 
and others, 2022). The U.S. Fish and Wildlife Service’s land-
based energy guidelines (U.S. Fish and Wildlife Service, 2012) 
specifically highlight prairie grouse as a group of species 
requiring specific precautions when siting wind facilities.

The most intact grassland landscapes in North Dakota 
and South Dakota remain because the soils in these landscapes 
are too poor for agricultural production or are topographically 
too rugged for mechanized agricultural equipment; these land-
scapes, however, have the highest potential for wind-energy 
facilities (Niemuth, 2011; Niemuth and others, 2013). These 
same inherent characteristics provide the habitat requirements 
necessary to sustain viable populations of sharp-tailed grouse. 
Sharp-tailed grouse have a lek mating system whereby males 
aggregate at a location to engage in competitive displays and 
females select prospective mates. Leks typically are located 
on knolls or hilltops in expansive grasslands interspersed with 
patches of short-statured shrubs (Flake and others, 2010). 
Female sharp-tailed grouse typically nest within 0.4–1.8 kilo-
meters (km) of leks (Connelly and others, 2020). In addition, 
factors other than elevation and habitat availability can affect 
the presence of and lek persistence of sharp-tailed grouse, 
including landscape and climatic factors (Runia and others, 
2021). To date, most studies of sharp-tailed grouse landscape 
requirements have assessed and estimated the landscape char-
acteristics surrounding leks (that is, lek-centered approach), 
usually done through resource selection modeling (for 
example, Hamilton and Manzer, 2011), but few studies have 
examined the density of leks or associations with the land-
scape in which the leks are embedded (for example, Niemuth 
and Boyce, 2004; Niemuth, 2011) or how variation in climate 
affects lek persistence and attendance. 

From 2003 to 2014, the U.S. Geological Survey (USGS) 
examined the effect of wind-energy development on breed-
ing grassland birds in the northern Great Plains (Shaffer and 
Buhl, 2016). As part of that study, the USGS also recorded lek 
activity at five wind facilities: one each in Dickey, Oliver, and 
Pierce Counties in North Dakota and one each in McPherson 
and Hyde Counties in South Dakota (fig. 1, table 1). To assess 
the effects of wind facilities at a larger landscape scale, we 
also used lek data from other sources. Given the importance 
of the sharp-tailed grouse as a game species in North Dakota 
and South Dakota, those State’s conservation agencies conduct 
annual, standardized lek surveys (North Dakota Game and 
Fish Department, 1963; South Dakota Department of Game, 
Fish and Parks, 2022), as does the U.S. Forest Service’s 
(USFS) Fort Pierre National Grassland (Schenbeck and 
Moravek, 1988). We incorporated these datasets into analy-
ses, as well as one dataset collected by WEST, Inc. (hereafter 
referred to as “WEST”) (table 1).

The overall goal was to assess the feasibility of using 
independently derived, long-term datasets gathered in North 
Dakota and South Dakota to determine whether wind facili-
ties affected lek metrics. The specific objectives included the 
following:

1. Consolidate lek survey data from the USGS, North 
Dakota Game and Fish Department (NDGF), 
South Dakota Department of Game, Fish and Parks 
(SDDGFP), USFS, and WEST into a common data 
framework for further analyses.

2. Assess the strength and weaknesses of each of the datas-
ets and provide a synopsis of this evaluation.

3. Assess the strength of association between a suite of 
explanatory variables and lek density and average num-
ber of males per lek.

4. Assess if the addition of a wind facility within the 
landscape explains variation in lek metrics beyond those 
explained in objective 3.
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Figure 1. The location of study sites used to develop models for sharp-tailed grouse (Tympanuchus phasianellus) lek density and 
average number of males per lek in North Dakota and South Dakota, United States, 2000–14.
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Table 1. Information for study sites used to develop models for sharp-tailed grouse (Tympanuchus phasianellus) lek density in North 
Dakota and South Dakota, 2000–14.

[SDDGFP, South Dakota Department of Game, Fish and Parks]

Study site Years Wind facility

  North Dakota Game and Fish Department

BEL1 2000–14 No

BUR 2000–14 No

BURK 2007–08 No

DIC1 2000–12, 2014 Yes

EMM1 2000–14 No

KID1 2006–14 No

KID2 2008–12 No

MCH1 2008–10, 2012, 2014 No

MCH2 2000–14 No

MER1 2000–14 No

MER2 2008–10, 2012–14 No

MOR 2000–14 No

OLI1 2006–10, 2013–14 Yes

OLI3 2004–12, 2014 Yes

OLI4 2006–14 No

SHE1 2000–14 No

SHE2 2000, 2002–14 No

SHE3 2000–14 No

SHE4 2006, 2008–14 No

ST1 2000–05, 2007–12, 2014 No

  U.S. Geological Survey

DIC2 2007–10, 2012–14 Yes

DIC3 2005–06, 2009–10, 2012–14 No

DIC4 2013–14 No

HAN 2008–10, 2012–14 Yes

HYD1 2005–06, 2008–10, 2012–14 Yes

OLI2 2007, 2009, 2011 Yes

  WEST, Inc

PIE 2005–06, 2010, 2013–14 Yes

  SDDGFP

BEA 2000–14 No

CHA 2000–03, 2005–14 No

COR 2000–01, 2003, 2005–10, 2012–14 No

GRE 2000–03, 2005–13 No

JER 2000–07, 2009–14 Yes

JON 2000–14 No

STA 2000–03, 2006–09, 2011–12 No

  SDDGFP Telemetry

HAN3 2010–12 No

HYD4 2010–12 No

  U.S. Forest Service

LYM2 2000–14 No
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Study Area
The study area was defined by the coverage of data from 

lek routes surveyed by the USGS, NDGF, SDDGFP, USFS, 
and WEST. This coverage was largely contained within the 
Missouri Coteau region of North Dakota and South Dakota 
(fig. 1). The Missouri Coteau was our focus because it harbors 
grasslands that will become increasingly more important for 
sharp-tailed grouse as grasslands continue to disappear owing 
to conversion to cropland and other land uses (Lark and oth-
ers, 2015, 2020). The lek survey routes traversed, on average, 
an approximately 9.656-km by 9.656-km area (93.238 square 
kilometers [km2], which equates to the size of a typical legal 
township). To establish study sites of equal area, we used 
ArcMap version 9.3 (Esri, Redlands, California) to visually 
select the center of each lek survey route. This center was 
considered to be the centroid of a 9.656- × 9.656-km block. 
This 93.238-km2 block (or study site) was considered the 
primary sampling unit or replicate for subsequent estimates 
and analyses.

Methods
Lek survey data were obtained from six sources: North 

Dakota lek surveys (North Dakota Game and Fish Department, 
1963); USGS lek surveys; WEST, Inc., lek surveys (C. Derby, 
WEST, Inc., written commun., February 22, 2023); South 
Dakota lek surveys (South Dakota Department of Game, Fish 
and Parks, 2022); a South Dakota telemetry study (Runia and 
Solem, 2015); and the USFS Fort Pierre National Grassland 
(Schenbeck and Moravek, 1988). Information concerning 
these methods are included in this section.

Grouse Lek Surveys

Since 1963, the NDGF has run annual, standardized 
survey routes for sharp-tailed grouse (North Dakota Game and 
Fish Department, 1963). Lek counts determine an accurate 
count of males on previously identified and still-active leks, 
on leks that may have moved, and on newly established leks. 
Observers attempted to obtain three counts per lek where 
weather, travel conditions, and landowner access allowed. Lek 
counts occurred from early April through mid-May and from 
half an hour before sunrise until 1 to 2 hours after sunrise. 
Subsequent counts of the same lek varied as to time of day, 
as well as the day relative to peak breeding activity; that is, 
a before-sunrise and an after-sunrise count, as well as an 
early- and late-period count, were advised. Lek location was 
recorded using a Global Positioning System (GPS). The pre-
ferred lek count occurred from a vehicle, allowing for minimal 
disturbance to birds on leks. Where land access was granted 
and leks could not be adequately viewed from roads, observ-
ers conducted walk-in surveys. If the use of vehicles was not 

an option, observers approached leks on foot slowly, using 
topographical features to obscure presence. Birds sometimes 
flushed but normally returned shortly after disturbance abated, 
especially early in the mornings and during the peak lekking 
period. Counts continued as long as grouse were present. The 
time spent at each lek depended on bird activity and topogra-
phy. If birds appeared to still be arriving, or if topography was 
such that individual birds were able to disappear and appear 
from view, observers were advised to stay at the observation 
point longer. Males were most easily identified when display-
ing, and counts were easier to obtain when the males on a lek 
were all or nearly all actively displaying than when activity 
was at a standstill. Leks often had one main dancing ground, 
but isolated males and small groups were observed to dance 
several yards to several hundred yards from the main display 
ground. Thus, care was taken to look for grouse in outlying 
areas. Depending on distance and number of males at these 
outlying areas, these areas were deemed as satellite leks and 
noted as such on the field form. Birds chased away by known 
males were counted as males; birds allowed to enter lekking 
grounds near known males were counted as females. If no 
eye comb was present, the bird never displayed, and the bird 
was ignored by a known male, that individual was counted 
as a female. In situations where a count from a vehicle was 
impossible, and a walk-in count was likely to have low suc-
cess owing to location of the lek on a high knoll that allowed 
the birds to spot observers, a flush count was allowable. 
However, when birds were flushed, gender could not always 
be determined. Flush counts sometimes also were made after a 
scoping effort to verify the estimate and that all birds had actu-
ally been seen and counted. The flight behavior during a flush 
count can be informative in the verification-flush scenario: 
females were more likely to keep flying off, as they had no 
real affinity for a particular lek. Males were more likely to just 
fly a short distance because they returned to the lek. Late-
morning flush counts, after dancing activity had diminished or 
ceased (about 1.5 hours after sunrise), increased the chances of 
male-only attendance. Flush counts were most accurate in late 
March and early April and again in late April and early May, 
as female attendance was lowest during these time periods. 
Later-morning flush counts were preferrable to later-period 
flush counts, as male attendance declined later in the lekking 
season (North Dakota Game and Fish Department, 1963). 
Some lek survey routes were run near two wind facilities: 
Acciona’s Tatanka Wind Farm, Dickey County, North Dakota, 
and McPherson County, South Dakota; and NextEra Energy’s 
Oliver Wind Energy Center, Oliver County, N. Dak. (fig. 1, 
table 1).

The focus of USGS field efforts was the documentation 
of sharp-tailed grouse lek locations near and within wind-
facility footprints and counts of birds on individual leks. 
USGS surveys followed the NGDF protocol (North Dakota 
Game and Fish Department, 1963). Selected wind facili-
ties were situated within expanses of native grassland and 
in landscapes characterized by morainic rolling plains inter-
spersed with wetlands; mixed-grass prairie pastures; and few 
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planted grasslands, hayfields, or cropland. Five wind facilities 
(fig. 1, table 1) met these criteria: Acciona’s Tatanka Wind 
Farm; Avangrid Iberdrola Renewables’ Rugby Wind Power 
Project, Rugby, Pierce and Rolette Counties, N. Dak.; Clipper 
Windpower and BP Alternative Energy’s Titan Wind Project, 
Hand County, S. Dak.; NextEra Energy’s Oliver Wind Energy 
Center; and NextEra Energy’s South Dakota Wind Energy 
Center, Hyde County, S. Dak.

WEST surveyed leks within the Avangrid Iberdrola 
Renewables’ Rugby Wind Power Project (fig. 1, table 1). The 
protocol generally followed the NDGF protocol (North Dakota 
Game and Fish Department, 1963). Public roads within the 
boundary of the facility were driven half an hour before 
sunrise to 2 hours after sunrise. Observers stopped every 
0.80 km for at least 5 minutes to listen and look for display-
ing grouse. When a lek was observed, the time, temperature, 
lek location, distance from road, direction of road, number of 
males, number of females, and number of unknown-gender 
birds were recorded (C. Derby, WEST, Inc., written commun., 
February 22, 2023).

From the early 1950s through 2019, SDDGFP staff annu-
ally searched previously established survey areas measuring 
104 km2 for leks and counted all males attending leks (South 
Dakota Department of Game, Fish and Parks, 2022). Routes 
contained a road or trail to provide vehicular access (South 
Dakota Department of Game, Fish and Parks, 2012). Surveys 
were run from late March to late April. Active leks from previ-
ous years were checked for current-year activity by a site visit. 
Counts of leks consisted of early morning surveys in which 
the total number of grouse, reported as number of males and 
number of females, was recorded. Repeat counts of males 
were conducted until the observer was satisfied of an accurate 
count. New leks were discovered by running early-morning 
listening surveys during which observers listened for previ-
ously undetected grounds and triangulated until the location 
of the new lek was determined. During listening runs, stops 
were made at intervals of no more than 1.6 km (1 mile) apart. 
Numbers of male and female grouse were recorded for all 
leks. All discovered leks were identified with GPS coordinates 
(South Dakota Department of Game, Fish and Parks, 2012). 
One survey area encompassed the Crow Lake Wind Farm, 
Jerauld Co. S. Dak, beginning in 2011 (fig. 1, table 1).

From 2010 to 2013, SDDGFP piloted a telemetry study 
of sharp-tailed grouse in Hand and Hyde Counties to deter-
mine female survival and fecundity (Runia and Solem, 2015). 
Staff collected lek-count data within the 93.238-km2 study site 
as part of this research effort and followed a survey design 
that was structured similarly to the State’s annual grouse 
surveys (South Dakota Department of Game, Fish and Parks, 
2012). Lek activity was monitored from mid-March through 
April from 2010 to 2012, with searches commencing half an 
hour before sunrise to 2 hours after sunrise, and 1 hour before 
sunset to half an hour after sunset. The number of male grouse 
were counted 1–3 times. All leks were marked with a GPS.

Since 1988, the U.S. Forest Service has run lek surveys 
on the 7,386-hectare Cedar Creek Monitoring Unit of the Fort 
Pierre National Grassland in South Dakota (Schenbeck and 
Moravek, 1988). The goal of the survey was to count males 
at least once, but preferably, three times. The survey period 
ran from early April to mid-May. Surveys were conducted 
from half an hour before sunrise until 2 hours after sunrise. 
Surveys occurred on drivable roads, with stops at 1.6-km 
intervals to listen for displaying male grouse. Observers stayed 
within vehicles for the survey. Where a lek was observed, the 
observer attempted to drive within 91.4 meters of the lek to 
obtain an accurate male count.

Response Variables

Sharp-tailed grouse lek density and average number 
of males per lek were computed from lek survey data. Lek 
density (leks per square kilometer) was computed for each 
study site each year as the number of leks observed along the 
survey route for that study site divided by the area (square 
kilometers) covered by the survey that year; this number was 
then used as an estimate of lek density for the 93.238-km2 
study site. An observation of one or more grouse together was 
considered a lek. The average number of males per lek was 
computed for each study site each year by first computing 
the maximum number of males counted for each lek and then 
averaging these values across leks within a study site per year. 
For individual grouse of unknown sex within a lek, the sex 
ratio (that is, proportion of males) for the study site-and-year 
combination was used to classify the unknown individual as 
male or female before computing the maximum number of 
males for each lek.

Explanatory Variables

We developed a suite of 24 biologically supported candi-
date variables associated with estimated lek metrics (table 2), 
including number of turbines, easting and northing coordi-
nates, elevation, land cover, Palmer Drought Severity Index, 
and climate. These variables are described in this section.

The number of wind turbines within study site was 
determined by a simple count. The relation between sharp-
tailed grouse lek metrics and spatial location was determined 
by reprojecting the latitude and longitude coordinates for each 
study site to Albers Equal-Area Conic Projection (in meters, 
but converted to kilometers for models). In general, sharp-
tailed grouse densities tend to increase following a southeast-
to-northwest gradient across North Dakota and South Dakota 
(Sauer and others, 2013). Topography may affect the detection 
of birds (Dawson, 1981), densities of birds (Renfrew and 
Ribic, 2002), and locations of leks (Hovick and others, 2015). 
Elevation data were downloaded from the USGS National 
Elevation Dataset (U.S. Geological Survey, 2005) for North 
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Dakota and South Dakota. Elevation values (in meters) were 
extracted from each study site using ArcMap version 9.3 (Esri, 
Redlands, California). The mean and standard deviation for 
each study site were used to describe the topography and topo-
graphic roughness of the landscape.

Land-cover data were obtained from National 
Agricultural Statistical Service (NASS), and land-cover 
classes were extracted for each study site (U.S. Department 
of Agriculture, 2011). For each year, NASS data were used 
from the previous growing season. Land-cover values were 
collapsed into nine explanatory landscape variables (table 2). 
Given the changes in crop production in this region during the 
past decade, several crop classifications (as opposed to merg-
ing all crop classes) were maintained. In recent decades, agri-
cultural production has shifted from small grains to corn (Zea 
mays) and soybeans (Glycine max) (Wright and Wimberly, 
2013; Wimberly and others, 2017). Within each study site, the 
percentage cover for the 9 landscape variables was computed. 
NASS data were available for North Dakota for all years 
(1999–2013) of interest for this study, whereas NASS data for 
South Dakota were available for 2006–13. Thus, land cover 
was able to be associated with lek metrics only for these latter 
years in South Dakota.

Values from the Palmer Drought Severity Index (PDSI) 
were used as a measure of regional precipitation levels 
and moisture levels (Palmer, 1965; National Oceanic and 
Atmospheric Administration, 2023). The PDSI incorporates 
information on soil moisture and temperature to provide a 
monthly index of the severity of a wet (positive values) or dry 

(negative values) period by incorporating past and pres-
ent conditions. Specifically, PDSI index values of 0 to −0.5 
indicate normal moisture conditions; −0.5 to −1.0, incipient 
drought; −1.0 to −2.0, mild drought; −2.0 to −3.0, moder-
ate drought; −3.0 to −4.0, severe drought; and less than (<) 
−4.0, extreme drought. Similar terms are associated with 
positive values and wet spells. PDSI data were extracted for 
each study site, and mean PDSI values from the previous 
12 months of grouse surveys (prior April to March of current 
year of lek surveys) were computed to get a yearly mean. 
The mean values for the prior 4 months of spring (prior April 
through prior July) also were computed to represent the 
conditions from the prior spring’s nesting and early brood 
rearing periods (table 2), when nests and grouse are most 
vulnerable to weather conditions.

Precipitation and temperature data were obtained for 
each study site from 1999 to 2014 from the Parameter-
elevation Regressions on Independent Slopes Model 
(PRISM) climate mapping database, which uses weather sta-
tion data to model precipitation and temperature across space 
(Daly and others, 2008; Oregon State University, 2014). 
PRISM data contain spatially gridded values at the 4-km 
grid-cell resolution. Within each study site, four metrics from 
PRISM data were computed, including mean precipitation 
and mean, minimum, and maximum temperatures for two 
time periods: the prior 12 months (April–March) from the 
current year lek surveys and the prior spring 4 months rep-
resenting prior spring breeding and brood rearing conditions 
(April–July; table 2).
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Table 2. Explanatory variables used to develop models for sharp-tailed grouse (Tympanuchus phasianellus) lek density and average 
number of males per lek in North Dakota and South Dakota, United States, 2000–14.

[STGR, sharp-tailed grouse; NASS, National Agricultural Statistical Service; PDSI, Palmer Drought Severity Index; cm, centimeter; °C, degree Celsius; TMAX, 
average maximum temperature]

Explanatory variable Variable definition Justification

  Wind facility

NUMTURB3 Number of turbines within study site Female greater prairie-chickens (Tympanuchus cupido) (GRPC) 
avoided wind turbines (Winder and others, 2014). STGR nest-site 
selection and daily nest survival (Proett and others, 2019) were 
not affected by number of turbines.

  Geographic

XALBERS Estimated Easting center of each study site, in kilometers Abundance of some species of grassland birds and waterfowl varied 
with longitude (Reynolds and others, 1994; O’Connor and others, 
1999).

YALBERS Estimated Northing center of each study site, in kilometers Grouse (Tympanuchus and Bonasa species) exhibited latitudinal 
patterns of population dynamics (Williams and others, 2004). 
Ring-necked pheasant (Phasianus colchicus) (RNEP) abundance 
increased with latitude (O’Connor and others, 1999).

  Elevation

MEAN_Z Mean elevation of sample points within study site, in 
meters

STGR were most likely to use elevations higher than 900 meters dur-
ing the nonbreeding season (Hiller and others, 2019). GRPC were 
more likely to select higher elevations (relative to the surrounding 
landscape) for lek sites (Gregory and others, 2011).

STD_Z Standard deviation of sample points of elevation within 
study site, in meters

Male STGR and greater sage-grouse (Centrocercus urophasianus) 
(GRSG) used less rugged areas more intensely within the spring-
to-summer home ranges (Stonehouse and others, 2015). Elevation 
was an important predictor of lek location for GRPC (Hovick and 
others, 2015). Topography can affect density of grassland birds 
(Renfrew and Ribic 2002).

  Land cover

NASSP1 Percent of landscape classified as water (NASS classes 83, 
87, 111, 190, 195) for the previous growing season

GRPC distribution probabilities during breeding season were near 
wet meadows and were positively influenced by peripheries of 
wetlands during nonbreeding season, whereas STGR distribution 
probabilities during both seasons were more distant from wet 
meadows (Hiller and others, 2019).

NASSP2 Percent of landscape classified as cropland planted to corn 
(Zea mays) (NASS classes 1, 12, 13) for the previous 
growing season

RNEP abundance was positively associated with corn (O’Connor and 
others, 1999).

NASSP3 Percent of landscape classified as cropland planted to pulse 
crops and soybeans (Glycine max) (NASS classes 5, 42, 
52, 53, 241) for the previous growing season

Abundances of some species of grassland birds were positively as-
sociated with soybeans (O’Connor and others, 1999).

NASSP4 Percent of landscape classified as cropland planted to 
wheat (Triticum species) and other small grains (NASS 
classes 21–29, 205, 225, 236, 240) for the previous 
growing season

RNEP and other grassland species abundances were positively as-
sociated with small grains (O’Connor and others, 1999).

NASSP5 Percent of landscape classified as cropland planted to oil 
seeds and miscellaneous crops (NASS classes 4, 6, 
31–35, 38, 39, 41, 43, 44, 47, 57, 61, 65, 246) for the 
previous growing season

Abundances of some species of grassland birds were positively as-
sociated with oil-seed cropland (O’Connor and others, 1999).
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Table 2. Explanatory variables used to develop models for sharp-tailed grouse (Tympanuchus phasianellus) lek density and average 
number of males per lek in North Dakota and South Dakota, United States, 2000–14.—Continued

[STGR, sharp-tailed grouse; NASS, National Agricultural Statistical Service; PDSI, Palmer Drought Severity Index; cm, centimeter; °C, degree Celsius; TMAX, 
average maximum temperature]

Explanatory variable Variable definition Justification

  Land cover—Continued

NASSP6 Percent of landscape classified as hayland (NASS classes 
36, 37, 58, 60) for the previous growing season

STGR and GRPC occurrence and density were positively associated 
with grass (Runia and others, 2021). Abundance of GRPC was 
positively associated with hayland (O’Connor and others, 1999).

NASSP7 Percent of landscape classified as pasture (NASS classes 
of 59, 62, 171, 176, 181, 182) for the previous growing 
season

STGR and GRPC occurrence and density were positively associ-
ated with grass (Runia and others, 2021). GRPC lek presence was 
positively associated with pasture (Runia, 2009).

NASSP8 Percent of landscape classified as shrub-forest (NASS 
classes of 63, 141–143, 152) for the previous growing 
season

STGR abundance decreased 74.5 percent with tree cover and 15.1 
percent over low-to-high values of shrubby-grassland cover 
(Stevens and others, 2023).

NASSP9 Percent of landscape classified as low, medium, and high 
intensity developed classes

STGR and GRPC occurrence and density were negatively associ-
ated with developed areas (Runia and others, 2021). Effect of 
energy infrastructure, roads, and other developments on GRPC, 
lesser prairie-chickens (Tympanuchus pallidicinctus), and GRSG 
summarized in Rowland (2019), Jamison and others (2020), 
Svedarsky and others (2022).

  Climate

PDSI_1 Mean PDSI from prior April through March current year 
of lek surveys (12 months)

GRPC nest survival was not affected by PDSI (Harrison and others, 
2017).

PDSI_3 Mean PDSI from prior April through prior July from cur-
rent year of lek surveys (4 months)

GRPC abundance was highest following wetter summers, cooler 
summers, drier winters, and cooler winters (Schindler and others, 
2020).

PPT_X1 Mean precipitation (cm) from prior April through March 
current year of lek surveys (12 months)

STGR probability of presence was highest in areas with mean pre-
cipitation greater than 11.3 cm, and GRPC occurrence and density 
had a quadratic response to long‐term (1981–2010) mean annual 
precipitation (Runia and others, 2021). Larger prairie grouse 
(Tympanuchus spp.) juvenile:adult ratios in the fall (indicative 
of higher rates of chick survival) were positively associated with 
cumulative precipitation measured from January to July (Flanders-
Wanner and others, 2004).

PPT_X3 Mean precipitation (cm) from prior April through prior 
July from current year of lek surveys (4 months)

STGR abundance increased 75.5 percent from low to high values of 
early spring precipitation, measured the prior year (Stevens and 
others, 2023). STGR probability of presence was highest in areas 
with mean precipitation greater than 11.3 cm in spring (Hiller and 
others, 2019).

TMEAN_X1 Average mean temperature (°C) from prior April through 
March current year of lek surveys (12 months)

STGR ranked low in vulnerability to increases in temperature during 
the breeding season (Wilsey and others, 2019).

TMEAN_X3 Average mean temperature (°C) from prior April through 
prior July from current year of lek surveys (4 months)

STGR abundance and productivity were not associated with late 
spring temperature (Stevens and others, 2023).

TMIN_X1 Average minimum temperature (°C) from prior April 
through March current year of lek surveys (12 months)

STGR occurrence and density were negatively associated with the 
long‐term (1981–2010) minimum January temperature (Runia and 
others, 2021).

TMIN_X3 Average minimum temperature (°C) from prior April 
through prior July from current year of lek surveys (4 
months)

STGR abundance or productivity were not associated with late 
spring temperature (Stevens and others, 2023).

TMAX_X1 Average maximum temperature (°C) from prior April 
through March current year of lek surveys (12 months)

GRPC abundance was highest in years following low summer 
TMAX (Schindler and others, 2020).

TMAX_X3 Average maximum temperature (°C) from prior April 
through prior July from current year of lek surveys (4 
months)

STGR abundance or productivity were not associated with late 
spring temperature (Stevens and others, 2023).
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Data Analysis
Trends in lek density and mean number of males per lek 

during the 15 years (2000–2014) of the study were examined 
by computing yearly mean estimates. These estimates were 
computed using a repeated measures model (Stroup, 2013) 
for each response variable (that is, lek density or number of 
males per lek). The response variables were assumed to follow 
a normal distribution. Year, State, and interaction between 
State and year were included in the model as fixed factors, 
so that yearly estimates could be computed separately for 
each State and averaged across States. Study site-within-State 
was included as a random effect to account for the repeated 
measures on each study site. An autoregressive covariance 
structure was assumed to account for the correlation among 
years (Stroup and others, 2018). Least squares mean estimates 
of yearly lek density and number of males per lek for each 
State were computed and summary plots created. Overall aver-
ages by year (States averaged) and State (years averaged) also 
were computed. To prevent study sites that were only surveyed 
a few years from having too much effect on the variability 
in estimates from year to year, the square root of the number 
of years for each study site was used as a weight; therefore, 
the estimated State-by-year least squares means are weighted 
averages.

Twenty-four geographic, landscape, and climate vari-
ables were measured and included in analyses as the poten-
tial explanatory variables (table 2). The association between 
explanatory variables and the response variables was assessed 
using information theoretic methods (Burnham and Anderson, 
2002). Linear mixed models were fit for each response vari-
able. The response variables were assumed to follow a normal 
distribution. The explanatory variables were included in the 
models as fixed effects, and study site was included as a ran-
dom effect to account for the repeated measures on each study 
site. An autoregressive covariance structure was assumed to 
account for the correlation among years (Stroup and others, 
2018). To prevent study sites that were only surveyed a few 
years from having too much influence on the estimates, the 
square root of the number of years for each study site was 
used as a weight. The candidate set of models consisted of 
all one- and two-variable models along with the null model. 
However, if the two variables in a two-variable model had a 
correlation of greater than or equal to 0.7 or less than or equal 
to −0.7 (tables 1.1, 1.2, 1.3), then that model was removed 
from the candidate set. For each response variable, Akaike’s 
Information Criterion for small samples (AICC), delta AICC, 
and Akaike weight were computed for each model in the 
candidate set (Burnham and Anderson, 2002). Delta AICC was 
computed for a model as the AICC for that model minus AICC 
from model with the lowest AICC value.

Nine study sites had wind turbines during the later years 
of the study. Estimates of average lek density and average 
number of males per lek were computed by year for study 

sites with turbines present and for study sites without turbines. 
These estimates were computed using a repeated measures 
model (Stroup, 2013) for each response variable. The response 
variables were assumed to follow a normal distribution. A 
means model approach was used, and the interaction between 
year and turbine presence was included in the model as a fixed 
factor, so that yearly estimates could be computed separately 
for turbine and nonturbine study sites. Study site was included 
as a random effect to account for the repeated measures on 
each study site. An autoregressive covariance structure was 
assumed to account for the correlation among years (Stroup 
and others, 2018). To prevent study sites that were only 
surveyed a few years from having too much influence on the 
variability in estimates from year to year, the square root of 
the number of years for each study site was used as a weight. 
Models were run separately for each State. For each State, 
only years in which turbines were present and sharp-tailed 
grouse were observed in the turbine sites were included in the 
analyses (that is, 2008–14 for North Dakota and 2010–14 for 
South Dakota). All models were run using the mixed linear 
models procedure in SAS statistical software (SAS Institute 
Inc., 2020).

Results
Data were collected and analyzed from 37 study sites 

covering the years 2000–14. Sharp-tailed grouse leks were 
present in nearly all study sites every year. Lek density and 
mean number of males per lek were estimated.

Grouse Lek Surveys

Of the 37 study sites, 25 study sites were in North Dakota 
and 12 were in South Dakota (fig. 1, table 1). Each study site 
was surveyed from 2 to 15 years: 30 percent were surveyed 
15 years, 24 percent were surveyed 10–14 years, and 14 per-
cent were surveyed <5 years.

Assessment of the Data

Survey routes for sharp-tailed grouse appear to have been 
historically established in areas in which leks were known to 
occur, as opposed to establishing survey routes using a random 
process. Therefore, our estimates of lek density reflect an 
average lek density for locations where grouse were present. 
Formal protocols for gathering survey data indicate that an 
area of a known size is to be surveyed. However, for all study 
sites included in the study, there is no indication whether 
observers faithfully surveyed the entire area each year, or if 
they just surveyed previously known leks. It is further not 
indicated for what years this may have happened. Because 
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lek density was computed by dividing the number of leks 
observed by the area (square kilometers) covered by the sur-
vey route (but whether that area was faithfully surveyed every 
year is unknown), the accuracy of the observed lek density 
estimates is unknown.

The datasets contained numerous instances in which indi-
viduals were recorded, but a sex was not assigned to the bird. 
To account for this in the analyses, the observed sex ratio (for 
the birds in which the sex was identified) was used to classify 
the unknown individuals as male or female. This technique 
introduced error (that is, bias) into the estimates of the number 
of males per lek, but the extent of this error is unknown.

Very few turbine study sites were included in this study 
and those that did occur were clustered into several locations, 
but controls were more evenly spaced within the study area 
(fig. 1). The uneven distribution of turbine and control sites 
made it difficult to assess the effects of turbine facilities; any 
differences observed between turbine and nonturbine study 
sites could be due solely to location differences.

Lek Density and Mean Number of Males Per Lek

Number of sharp-tailed grouse leks observed during sur-
veys ranged from 0 to 35. Leks were observed during almost 
every survey; <2 percent of the surveys included in this study 
observed zero sharp-tailed grouse leks. Lek density ranged 
from 0 to 0.38 lek per square kilometer with a mean of 0.10 
(standard error=0.004). Average number of males observed 
per lek ranged from 1 to 34 with a mean of 12 (standard 
error=0.3). Summary statistics for both response variables and 
the explanatory variables are given in table 3.

Mean lek density and mean number of males per lek were 
estimated for each State each year (table 4). Weighting was 
done by square root of number of years for each study site. 
An overall average for each year (computed as an average of 
the two State values for that year) and for each State (com-
puted as an average of the year values for that State) were also 
computed. Mean lek density estimates in North Dakota were 
1.4–3.4 times those in South Dakota (table 4, fig. 2). There 
was less of a difference for mean number of males per lek, 
but North Dakota estimates were still 1.2–3.1 times those in 
South Dakota (table 4, fig. 3). For both response variables, the 
estimates varied across years.

Of the 24 explanatory variables, Northing (YALBERS) 
was most important for predicting lek density across North 
Dakota and South Dakota (table 5). Out of 20 models with 
a difference of AICC for model minus AICC for model with 
the lowest AICC value (ΔAICC) <4, 13 contained Northing, 
including the model with Northing alone, which was the best 
one-variable model. Easting (XALBERS) was the next most 
common variable and was in 8 of the top 20 models. No other 
variable occurred more than twice (once with Northing and 
once with Easting). Northing had a positive association with 
lek density (fig. 4), and Easting had a negative association. 

However, even the “best” model (model with lowest AICC) 
only had an Akaike model weight of 0.09, and plots of 
observed versus predicted values for this model revealed a 
poor model fit. It is not surprising that Northing was most 
associated with lek density given the results of the previous 
analysis. Therefore, to determine what variables are most asso-
ciated with lek density other than the State difference, analyses 
were rerun separately by State. For North Dakota, NASSP4 (a 
variable representing percentage of small grains) (fig. 5) and 
PPT_X1 (a variable representing 12-month precipitation) were 
most associated with lek density. Both variables were in the 
top model that had a model weight of 0.17, and both variables 
were negatively associated with lek density. NASSP4 was in 
4 of the 6 models with ΔAICC<4, and PPT_X1 was in 2 of the 
models. NASSP6 (a variable representing percentage hay-
land) was also in 2 of the 6 models with ΔAICC<4. For South 
Dakota, there were 9 models with a ΔAICC<2 and 57 models 
with ΔAICC<4. NASSP8 (a variable representing percentage 
shrub/forest) (positive association, fig. 6) was the most com-
mon variable in the 9 models with ΔAICC<2. However, for 
both North Dakota and South Dakota, plots of observed versus 
predicted values for the top models indicated that none of 
these variables were good at predicting lek density. Therefore, 
there was little association between the explanatory variables 
examined in this report and lek density within this study.

For mean number of males per lek in North Dakota and 
South Dakota, the top model contained Northing and TMIN_
X1 (a variable representing 12-month minimum temperature) 
(table 6). Both Northing (fig. 7) and TMIN_X1 were positively 
associated with mean number of males per lek. The second-
best model had a ΔAICC=7.09 and also contained Northing; 
the 24 models in the candidate set containing Northing were 
the top 24 models followed by the 23 models containing 
TMIN_X1. The model weight for the top model was 0.96, 
indicating it was by far the best model in the candidate set 
for predicting mean number males per lek. However, plots of 
observed versus predicted values still indicated that it was a 
poor predictive model. Similar to the analysis for lek density, 
the analysis for mean number of males per lek was rerun by 
State to remove the apparent State effect and to determine 
which variables were most associated with mean number 
males per lek for each State. For North Dakota, the top model 
contained precipitation variables PPT_X1 and PPT_X3 (a 
variable representing 4-month precipitation); this model had 
an Akaike weight of 0.86. PPT_X1 was negatively associated 
with mean number males per lek (fig. 8), whereas PPT_X3 
was positively associated with number of males per lek. The 
second-best model had a ΔAICC=6.35. Similar to the model 
for both States, the best model for North Dakota was definitely 
better than the rest of the models in the candidate set but still 
was not a good predictive model. For South Dakota, there 
were 15 models with ΔAICC<2; NASSP8 (fig. 9) was in 10 of 
these and NASSP6 was in 5 of these. Similar to lek density, 
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 Lek Survey Data to Evaluate Sharp-Tailed Grouse Lek Dynam

ics
Table 3. Summary statistics for response and explanatory variables used to develop models for sharp-tailed grouse (Tympanuchus phasianellus) lek density and average 
number of males per lek in North Dakota and South Dakota, 2000–14.

[n, number year-by-study site combinations for all variables except xalbers, yalbers, mean_z, and std_z, where n is the number of study sites; SD, standard deviation; Min, minimum; Max, maximum; LEK-
DENS_SQKM, lek density per square kilometer; MEAN_XMALES1_LEK, mean number of males per lek; km, kilometer; m, meter; NASS, National Agricultural Statistical Service; %, percent; PDSI, Palmer 
Drought Severity Index; cm, centimeter; °C, degree Celsius]

Variable1
Overall North Dakota South Dakota

n Mean SD Min Max n Mean SD Min Max n Mean SD Min Max

LEKDENS_SQKM 374 0.102 0.069 0 0.375 246 0.125 0.063 0.014 0.375 128 0.057 0.056 0 0.290
MEAN_XMALES1_LEK 366 12.31 5.53 1.00 34.43 245 14.20 4.98 3.33 34.43 121 8.50 4.54 1.00 23.75
NUMTURB3 374 4.41 14.72 0 83 246 5.29 17.24 0 83 128 2.72 7.63 0 27
XALBERS (km) 37 −320.5 76.5 −481.1 −211.8 25 −341.0 77.4 −481.1 −222.9 12 −277.9 56.4 −369.0 −211.8
YALBERS (km) 37 2589 179 2240 2861 25 2697 91 2555 2861 12 2365 71 2240 2509
MEAN_Z (m) 37 556.1 72.8 411.0 678.7 25 563.3 77.0 422.1 678.7 12 540.9 63.5 411.0 636.2
STD_Z (m) 37 15.53 11.80 2.39 67.85 25 14.58 12.66 2.39 67.85 12 17.52 9.98 4.39 34.09
NASSP1 (%) 322 6.26 7.03 0 31.30 246 6.99 7.53 0 31.30 76 3.92 4.38 0.09 13.96
NASSP2 (%) 322 2.48 4.41 0 32.93 246 1.47 2.00 0 13.30 76 5.76 7.47 0 32.93
NASSP3 (%) 322 2.08 3.72 0 23.69 246 1.72 2.95 0 23.69 76 3.28 5.39 0 22.81
NASSP4 (%) 322 10.15 8.28 0.02 38.86 246 11.33 8.31 0.02 38.86 76 6.33 7.00 0.05 35.28
NASSP5 (%) 322 6.49 8.88 0.00 47.39 246 7.67 9.68 0.00 47.39 76 2.68 3.41 0.01 16.81
NASSP6 (%) 322 4.38 4.95 0 31.53 246 3.92 4.30 0 23.64 76 5.87 6.43 0.00 31.53
NASSP7 (%) 322 64.42 14.56 10.09 90.25 246 63.26 13.62 21.53 90.25 76 68.18 16.81 10.09 87.50
NASSP8 (%) 322 1.46 2.61 0 17.81 246 1.35 1.94 0 8.62 76 1.80 4.09 0 17.81
NASSP9 (%) 322 2.26 1.48 0 7.07 246 2.29 1.62 0 7.07 76 2.19 0.90 0.46 4.52
PDSI_1 374 1.92 2.74 −3.67 7.81 246 1.84 2.64 −3.08 6.67 128 2.09 2.92 −3.67 7.81
PDSI_3 374 1.88 3.04 −3.50 8.17 246 1.80 3.00 −3.50 7.88 128 2.04 3.11 −3.45 8.17
PPT_X1 (cm) 374 42.15 9.00 19.83 68.94 246 40.92 8.04 23.35 59.30 128 44.51 10.22 19.83 68.94
PPT_X3 (cm) 374 70.60 19.58 22.89 132.5 246 68.77 17.38 29.30 105.2 128 74.10 22.89 22.89 132.5
TMEAN_X1 (°C) 374 13.47 1.37 9.84 17.76 246 13.21 1.31 9.84 15.66 128 13.97 1.34 11.15 17.76
TMEAN_X3 (°C) 374 14.83 1.66 11.07 19.75 246 14.10 1.31 11.07 16.93 128 16.23 1.34 13.63 19.75
TMIN_X1 (°C) 374 9.07 1.09 6.68 12.46 246 8.70 0.97 6.68 11.12 128 9.77 0.95 7.94 12.46
TMIN_X3 (°C) 374 9.62 1.37 6.59 14.01 246 9.26 1.30 6.59 12.67 128 10.33 1.22 7.68 14.01
TMAX_X1 (°C) 374 17.35 1.51 13.23 20.75 246 17.11 1.59 13.23 20.38 128 17.80 1.23 15.08 20.75
TMAX_X3 (°C) 374 21.52 2.04 16.18 27.38 246 20.66 1.65 16.18 25.31 128 23.16 1.66 20.34 27.38

1With the exception of LEKDENS_SQKM and MEAN_XMALES1_LEK, all variables defined in table 2.
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Table 4. Yearly least squares means (standard error) for lek density and mean number of males per lek by State and averaged across 
States for models developed for sharp-tailed grouse (Tympanuchus phasianellus) in North Dakota and South Dakota, 2000–14.

[n, number of observations; weighting was done by square root of number of years for each study site]

Year
Lek density (n=374) Number of males per lek (n=366)

North Dakota South Dakota Average North Dakota South Dakota Average

2000 0.103 (0.016) 0.074 (0.020) 0.089 (0.013) 16.58 (1.21) 10.25 (1.45) 13.42 (0.95)
2001 0.104 (0.016) 0.066 (0.019) 0.085 (0.012) 13.80 (1.23) 9.33 (1.50) 11.56 (0.97)
2002 0.129 (0.015) 0.064 (0.019) 0.097 (0.012) 16.17 (1.20) 8.58 (1.49) 12.38 (0.96)
2003 0.134 (0.015) 0.040 (0.019) 0.087 (0.012) 18.29 (1.17) 5.83 (1.45) 12.06 (0.93)
2004 0.134 (0.014) 0.044 (0.020) 0.089 (0.012) 16.13 (1.12) 6.51 (1.69) 11.32 (1.02)
2005 0.141 (0.013) 0.047 (0.019) 0.094 (0.012) 14.12 (1.05) 11.93 (1.49) 13.02 (0.91)
2006 0.131 (0.013) 0.055 (0.018) 0.093 (0.011) 15.56 (1.00) 11.49 (1.44) 13.53 (0.88)
2007 0.127 (0.013) 0.052 (0.018) 0.090 (0.011) 16.98 (0.97) 8.36 (1.42) 12.67 (0.86)
2008 0.136 (0.013) 0.051 (0.018) 0.094 (0.011) 16.63 (0.94) 9.71 (1.41) 13.17 (0.85)
2009 0.125 (0.013) 0.069 (0.018) 0.097 (0.011) 11.22 (0.93) 8.96 (1.35) 10.09 (0.82)
2010 0.129 (0.013) 0.065 (0.018) 0.097 (0.011) 12.52 (0.92) 7.29 (1.30) 9.91 (0.80)
2011 0.114 (0.013) 0.056 (0.018) 0.085 (0.011) 11.23 (0.97) 8.03 (1.35) 9.63 (0.83)
2012 0.117 (0.013) 0.057 (0.017) 0.087 (0.011) 13.05 (0.94) 7.51 (1.31) 10.28 (0.80)
2013 0.117 (0.013) 0.038 (0.018) 0.078 (0.011) 12.46 (0.97) 6.90 (1.39) 9.68 (0.85)
2014 0.109 (0.013) 0.039 (0.019) 0.074 (0.011) 12.13 (0.94) 8.01 (1.43) 10.07 (0.86)
Average 0.123 (0.010) 0.055 (0.014) 0.089 (0.008) 14.46 (0.53) 8.58 (0.73) 11.52 (0.45)
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Figure 2. Sharp-tailed grouse (Tympanuchus phasianellus) mean lek density by year for North Dakota and South Dakota, 
2000–14.
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there seems to be little association between the explanatory 
variables examined in this report and the mean number of 
males per lek within this study.

Of the 37 study sites, 9 had turbines for part of the 
timeframe of this study (table 7, figs. 10–11). The number of 
turbines per site ranged from 1 to 83. The first year with tur-
bines was 2005 (table 7). Mean lek density and mean number 
of males per lek were estimated for turbine and nonturbine 
study sites for each year turbines were present within North 
Dakota (table 8) and South Dakota (table 9). Mean lek density 
in nonturbine study sites in North Dakota was 1.1–1.2 times 

the estimates for turbine study sites, except for 2014 where 
the nonturbine site estimate was 1.5 times that in turbine sites. 
In South Dakota, the results varied with year; estimated mean 
lek density was higher in nonturbine sites in some years and 
higher in turbine sites in other years. Results were similar for 
mean number of males per lek, with estimates in nonturbine 
sites 1.0–1.2 times those in turbine sites in North Dakota. 
In South Dakota, the differences were greater, with esti-
mates in nonturbine sites 1.0–1.9 times those in turbine sites. 
Differences, however, were not statistically compared owing 
to the unbalanced distribution of turbine and nonturbine sites.
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Figure 3. Mean number of sharp-tailed grouse (Tympanuchus phasianellus) males per lek by year for North 
Dakota and South Dakota, 2000–14.
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Table 5. Information theoretic results for models for sharp-tailed grouse (Tympanuchus phasianellus) lek density in North Dakota and 
South Dakota, 2000–14.

[n, number of observations; k, number of parameters; LL, log likelihood; AICC, Akaike information criteria; ΔAICC, difference of AICC for model minus AICC 
for model with the lowest AICC value; w, Akaike weight; NASS, National Agricultural Statistical Service; PDSI, Palmer Drought Severity Index; candidate set 
included all 1 and 2 variable models except 2 variable models where 2 variables have a correlation of greater than or equal to 0.7 or less than or equal to −0.7. 
Models with ΔAICC less than 2 are reported]

Model1 n k LL AICC ΔΔAICC w

  North and South Dakota

YALBERS TMEAN_X1 322 5 −1265.10 −1254.91 0 0.09
YALBERS TMAX_X1 322 5 −1264.28 −1254.09 0.81 0.06
X ALBERS TMEAN_X1 322 5 −1264.02 −1253.83 1.08 0.05
YALBERS NASSP2 322 5 −1263.52 −1253.33 1.57 0.04
YALBERS NASSP4 322 5 −1263.48 −1253.29 1.62 0.04
X ALBERS TMAX_X1 322 5 −1263.45 −1253.26 1.65 0.04

  North Dakota

NASSP4 PPT_X1 246 5 −979.01 −968.76 0 0.17
  South Dakota

NASSP8 TMEAN_X1 76 5 −311.64 −300.78 0 0.03
NASSP4 NASSP8 76 5 −310.79 −299.93 0.85 0.02
NASSP8 TMEAN_X3 76 5 −310.54 −299.68 1.10 0.02
NASSP2 NASSP8 76 5 −310.52 −299.66 1.12 0.02
NASSP8 PDSI_1 76 5 −310.41 −299.55 1.23 0.02
NASSP8 TMIN_X3 76 5 −310.13 −299.27 1.51 0.02
NASSP8 TMAX_X1 76 5 −310.08 −299.22 1.56 0.02
NASSP8 TMAX_X3 76 5 −309.98 −299.12 1.66 0.02
STD_Z NASSP2 76 5 −309.85 −298.99 1.79 0.01

1All variables defined in table 2.
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Figure 4. Sharp-tailed grouse (Tympanuchus phasianellus) lek density by northing (in kilometers) for North Dakota and 
South Dakota, 2000–14.
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Figure 5. Sharp-tailed grouse (Tympanuchus phasianellus) lek density by percentage of landscape classified by the 
National Agricultural Statistical Service as cropland planted to wheat (Triticum species) and other small grains (NASSP4) 
for the previous growing season, North Dakota, 2000–14.
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Figure 6. Sharp-tailed grouse (Tympanuchus phasianellus) lek density by percentage of landscape classified by the 
National Agricultural Statistical Service as shrubs or forest (NASSP8) for the previous growing season, South Dakota, 
2000–14.

Table 6. Information theoretic results for models of mean number of males per lek for sharp-tailed grouse (Tympanuchus phasianellus) 
in North Dakota and South Dakota, 2000–14.

[n, number of observations; k, number of parameters; LL, log likelihood; AICC, Akaike information criteria; ΔAICC, difference of AICC for model minus AICC 
for model with the lowest AICC value; w, Akaike weight; for variable definitions in Models see table 2; NASS, National Agricultural Statistical Service; candi-
date set included all one- and two-variable models except two-variable models where two variables have a correlation of greater than or equal to 0.7 or less than 
or equal to −0.7. Models with ΔAICC less than (<) 2 are reported here (however, only models with ΔAICC<1 were reported for South Dakota owing to the excess 
number of models with ΔAICC<2)]

Model n k LL AICc ΔAICc w

  North and South Dakota

YALBERS TMIN_X1 317 5 1712.17 1722.37 0 0.96
  North Dakota

PPT_X1 PPT_X3 245 5 1312.28 1322.53 0 0.86
  South Dakota

NASSP6 NASSP8 72 5 376.73 387.63 0 0.03
NASSP7 NASSP8 72 5 376.97 387.88 0.24 0.03
NASSP8 TMIN_X1 72 5 376.97 387.88 0.25 0.03
NASSP8 PPT_X1 72 5 377.03 387.94 0.31 0.03
NASSP8 72 4 379.79 388.38 0.75 0.02
NASSP8 PPT_X3 72 5 377.51 388.42 0.79 0.02
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Figure 7. Mean number of sharp-tailed grouse (Tympanuchus phasianellus) males per lek by northing (in kilometers) 
for North Dakota and South Dakota, 2000–14.
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Figure 9. Mean number of sharp-tailed grouse (Tympanuchus phasianellus) males per lek by percentage of landscape 
classified by the National Agricultural Statistical Service as shrubs or forest (NASSP8) for the previous growing season, 
South Dakota, 2000–14.

Table 7. Number of turbines per year in North Dakota and South Dakota, used to develop models for sharp-tailed grouse 
(Tympanuchus phasianellus) lek density and average number of males per lek, 2000–14.

Year

Study site

North Dakota South Dakota

DIC1a DIC2a OLI1a OLI2a OLI3a PIEa HANa HYD1a JERa

2000 0b 0 0 0 0 0 0 0 0b

2001 0b 0 0 0 0 0 0 0 0b

2002 0b 0 0 0 0 0 0 0 0b

2003 0b 0 0 0 0 0 0 0 0b

2004 0b 0 0 0 0b 0 0 0 0b

2005 0b 0 0 0 0b 0b 0 27b 0b

2006 0b 0 0b 0 0b 0b 0 27b 0b

2007 0b 0b 22b 22b 0b 0 0 27 0b

2008 61b 83b 37b 35 1b 0 0b 27b 0
2009 61b 83b 37b 35b 1b 0 0b 27b 0b

2010 61b 83b 37b 35 1b 44b 10b 27b 0b

2011 61b 83 37 35b 1b 44 10 27 23b

2012 61b 83b 37 35 1b 44 10b 27b 23b

2013 61 83b 37b 35 1 44b 10b 27b 23b

2014 61b 83b 37b 35 1b 44b 10b 27b 23b

aStudy site acronyms are identified in table 1.
bSurvey completed during that year.
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Figure 10. Sharp-tailed grouse (Tympanuchus phasianellus) lek density for each of the nine study sites with wind turbines, North 
Dakota and South Dakota, 2000–14. Boxplots within each panel show summary statistics for nonturbine sites; they are the same in each 
panel. The circles within each panel indicate the values of lek density for the turbine site.
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Figure 11. Mean number of sharp-tailed grouse (Tympanuchus phasianellus) males per lek for each of the nine study sites with wind 
turbines, North Dakota and South Dakota, 2000–14. Boxplots within each panel show summary statistics for nonturbine sites; they are 
the same in each panel. The circles within each panel indicate the values of mean number of males per lek for the turbine site.
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Discussion
We assessed the feasibility of using existing lek survey data 

gathered by the USGS, NDGF, SDDGFP, USFS, and WEST 
to answer whether wind facilities affect lek density and mean 
number of males per lek at the township scale. We determined 
that data available for the years we assessed had limited utility for 
our objectives; however, the estimates of lek density and mean 
number of males per lek can be used for general assessments, 
such as for planning future surveys or studies. For example, 
simulations using the summary statistics provided in this report 
(for example, least squares means and their respective standard 
errors) could be useful for performing power analyses to aid in 
designing future studies. To be able to use annual lek surveys to 
obtain estimates that reflect statewide trends, we offer the follow-
ing considerations. For a more accurate estimate of lek density 
and mean number of males per lek at a statewide level, survey 
routes established using a random process—and not established 
only in areas known to have grouse leks—will allow for estimates 
that can be generalized to the entire State. Surveying near roads, 
as well as distant from roads, may help avoid the issue of roadside 
sampling bias (Wellicome and others, 2014). The importance of 

surveying the entire survey area, not just the areas with known 
leks, should be communicated to observers. Incorporating veri-
fication into the annual data reports that an observer surveyed 
the entire survey area will aid future researchers in being able 
to calculate the survey area and thus, calculate values for such 
metrics as lek density. Recording the absence of grouse for all 
areas surveyed is as important as recording presence or numbers 
for calculating lek density. Observers should make the best pos-
sible effort to identify the sex of birds present. Only the observer 
in the field can make that determination, or the best determina-
tion, under field circumstances. Any assumptions that have to be 
made later to assign a sex to birds of unknown sex (such as we 
did in this report) can affect the accuracy of the estimates. Runia 
and others (2021) provide an example of a survey methodology 
that addresses some of the aforementioned points and further 
allows one to estimate relative abundance of males per lek with 
confidence limits, as well as ways to improve estimates. A bal-
anced design would require a more even distribution of study 
sites with turbines and without turbines, spread out equally across 
the study area. Given the above considerations, the estimates and 
results reported herein should be considered approximate, as the 
accuracy of the observed data are unknown. To conduct analyses, 

Table 8. Yearly least squares means (standard error) for lek density and mean number of males for study sites with turbines and 
without turbines in North Dakota, for sharp-tailed grouse (Tympanuchus phasianellus).

[n, number of observations; weighting was done by square root of number years for each study site]

Year
Lek density (n=160) Number of males per lek (n=160)

Number of turbines Turbines Number of turbines Turbines

2007 0.131 (0.013) 0.116 (0.034) 17.41 (0.92) 14.97 (2.93)
2008 0.142 (0.013) 0.123 (0.020) 16.89 (0.92) 16.18 (1.67)
2009 0.130 (0.013) 0.106 (0.022) 11.39 (0.93) 10.71 (1.77)
2010 0.133 (0.013) 0.112 (0.024) 12.86 (0.94) 11.19 (1.79)
2011 0.118 (0.014) 0.099 (0.027) 11.44 (0.97) 10.74 (2.12)
2012 0.119 (0.014) 0.109 (0.027) 13.46 (0.94) 11.02 (2.10)
2013 0.120 (0.014) 0.112 (0.029) 12.77 (0.97) 11.37 (2.25)
2014 0.117 (0.014) 0.078 (0.027) 12.39 (0.95) 11.08 (1.88)

Table 9. Yearly least squares means (standard error) for lek density and mean number of males for study sites with turbines and 
without turbines in South Dakota, for sharp-tailed grouse (Tympanuchus phasianellus).

[n, number of observations; weighting was done by square root of number years for each study site]

Year
Lek density (n=49) Number of males per lek (n=47)

Number of turbines Turbines Number of turbines Turbines

2010 0.070 (0.014) 0.039 (0.033) 7.51 (1.50) 6.28 (3.33)
2011 0.055 (0.015) 0.072 (0.029) 8.67 (1.55) 5.48 (2.64)
2012 0.050 (0.015) 0.081 (0.025) 8.47 (1.58) 4.55 (2.59)
2013 0.038 (0.016) 0.045 (0.026) 7.68 (1.70) 4.78 (2.69)
2014 0.046 (0.017) 0.030 (0.026) 8.26 (1.78) 8.24 (2.75)
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we assumed the grouse survey data were unbiased and collected 
consistently, resulting in reasonable estimates of lek densities and 
mean number of males per lek.

Given that one of the aims of this study was to assess the 
effects of wind facilities on sharp-tailed grouse lek density and 
mean number of males per lek, the inclusion of geographic, land 
cover, and climate explanatory variables was designed to account 
for these variables to increase precision in assessing the potential 
effects of wind turbines. The purpose for the inclusion of the 
aforementioned group of variables was not to complete a habitat 
assessment but rather to adjust for the variables in an analysis 
of covariance framework. Therefore, the range of values of the 
explanatory variables was to some degree controlled by the study 
design and location of study sites. For example, the study sites 
in South Dakota are clustered in the mid-eastern portion of the 
State (fig. 1), resulting in a small range for the values of Easting 
and Northing (table 3). This limited range of values for some 
of the explanatory variables could partially account for the lack 
of associations detected, as could the lack of inclusion of other 
explanatory variables that might drive lek density and mean 
number of males, such as the density of predators or hunting 
pressure. The largest difference between lek response variables 
occurred between States; that is, lek density and mean number 
of males increased as one moved from South Dakota into North 
Dakota, and as one moved from east to west. These trends likely 
reflect grassland cover, as the eastern portions of these States have 
higher cropland coverage than the western portions (Niemuth 
and others, 2005). These trends also could reflect differences in 
how and where the States operate grouse surveys. In terms of the 
south-to-north gradient, Sauer and others (2013) indicate that the 
mean relative abundance of sharp-tailed grouse increases from 
South Dakota to North Dakota.

The model selection results were based on a candidate set 
of models that consisted of all one- and two-variable models 
(excluding those with highly correlated variables). In any candi-
date set of models, there will always be a model that is deemed 
“best” (that is, has the lowest AICC value) relative to the rest of 
the models in the candidate set; however, this is an indication that 
a particular model is better relative to other models, rather than an 
indication of how well the model fits the data. Therefore, model 
fit needs to be assessed. For analyses presented in this report, 
plots of observed versus predicted values indicated that the best 
model in each case was a poor predictive model. Plots of the 
variables that were most important in models and the response 
variables (figs. 4–9) also showed a lack of association between 
the explanatory variables and the response variables. Therefore, 
within this study area and at the scale at which these variables 
were measured, little to no association was determined between 
explanatory variables and the response variables.

In this study, an area the size of a township was selected as 
the experimental unit. This level was deemed reasonable because 
it was similar to the areal coverage of the NDGF and SDDGFP 
surveys. If lek density is the metric of interest, then a large area 
in which multiple leks can be detected, such as a township, is 
required to compute lek density. For other research questions 

or metrics of interest, a differently sized experimental unit (for 
example, a Public Land Survey System section or a lek) may be 
more appropriate. For example, if assessing habitat use at the lek 
level, then the lek would be the experimental unit, and habitat 
variables would be measured at the lek level.

The goal of this study was to assess effects of wind turbine 
facilities; however, after examining the distribution of the turbine 
and nonturbine sites (fig. 1), it was clear that such an assessment 
was not reliable for the following reasons. There were only nine 
study sites that had turbines, and the year in which turbines were 
installed varied among these study sites. Although some study 
sites had data prior to turbine construction, others did not. The 
total number of years that were surveyed before and after tur-
bines were constructed also varied. The turbine study sites were 
clustered into five locations (fig. 1), and there were not always 
good study sites nearby without turbines (to serve as controls) 
for which surveys had been conducted the same years as the 
turbine study sites. With a proper design, it would be possible to 
overcome most of these issues. For example, if data are collected 
from turbine sites before and after turbine construction and are 
collected from nearby control sites during the same years, then 
a Before-After-Control-Impact design can be used to assess the 
effects of the wind facility. If there are multiple turbine sites and 
turbines are constructed in different years across the different 
sites, then a Before-After-Control-Impact design with a staggered 
entry might be a possibility. Therefore, even though the goal of 
this study was to assess turbine effects, we concluded this was not 
feasible with existing data.

Summary
To assess the feasibility of using independently derived, 

long-term datasets gathered in North Dakota and South Dakota 
to determine whether wind facilities affected lek metrics, the 
U.S. Geological Survey obtained six datasets and identified 37 
study sites, 9 of which contained wind turbines at varying densi-
ties. An association between explanatory variables that described 
geographic, landscape, and climatic attributes and two primary 
response metrics that described lekking activity within study 
sites—lek density (leks per square kilometer) and mean number of 
males per lek—was examined. The explanatory variables included 
number of turbines, geographic location, elevation, land-cover attri-
butes available from satellite-derived land-cover data, soil moisture, 
precipitation, and temperature. Owing to low sample sizes of con-
structed wind facilities available at the time of analysis, advanced 
statistical techniques were not able to be used, and the estimates for 
lek density and mean number of males per lek should be consid-
ered approximations. Strong associations were not found between 
the explanatory variables and response variables. The strongest 
association was that lek density and mean number of males per lek 
increased from South Dakota to North Dakota. Owing to the highly 
unbalanced distribution of turbine and nonturbine study sites across 
the study area, the analysis with wind turbines was inconclusive.
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Appendix 1. Correlation Tables of Explanatory Variables

Table 1.1. Correlation matrix (Pearson correlation coefficients) of explanatory variables used to develop models for sharp-tailed 
grouse (Tympanuchus phasianellus) lek density and average number of males per lek in North Dakota and South Dakota, 2000–14. 
Values are combined for North Dakota and South Dakota. Variable definitions are provided in table 2.

VARIABLE YALBERS XALBERS
NUM 

TURB3
MEAN_Z STD_Z NASSP1 NASSP2 NASSP3 NASSP4 NASSP5

YALBERS 1.00 −0.56 −0.02 −0.16 −0.26 0.22 −0.41 −0.17 0.31 0.27

XALBERS −0.56 1.00 0.19 −0.54 −0.30 0.28 0.38 0.37 −0.53 −0.08

NUMTURB3 −0.02 0.19 1.00 −0.10 −0.03 −0.02 −0.02 −0.05 −0.20 −0.18

MEAN_Z −0.16 −0.54 −0.10 1.00 0.63 −0.44 −0.24 −0.36 0.38 −0.09

STD_Z −0.26 −0.30 −0.03 0.63 1.00 −0.30 −0.13 −0.15 −0.01 −0.14

NASSP1 0.22 0.28 −0.02 −0.44 −0.30 1.00 −0.17 0.03 −0.28 −0.13

NASSP2 −0.41 0.38 −0.02 −0.24 −0.13 −0.17 1.00 0.66 −0.17 −0.16

NASSP3 −0.17 0.37 −0.05 −0.36 −0.15 0.03 0.66 1.00 −0.07 −0.07

NASSP4 0.31 −0.53 −0.20 0.38 −0.01 −0.28 −0.17 −0.07 1.00 0.41

NASSP5 0.27 −0.08 −0.18 −0.09 −0.14 −0.13 −0.16 −0.07 0.41 1.00

NASSP6 −0.16 0.09 0.01 −0.03 0.02 −0.16 0.45 0.26 −0.20 −0.21

NASSP7 −0.23 −0.01 0.26 0.21 0.30 −0.16 −0.35 −0.47 −0.50 −0.56

NASSP8 −0.05 −0.01 −0.01 0.11 0.08 0.01 −0.09 −0.13 −0.22 −0.20

NASSP9 0.08 −0.11 0.01 −0.02 −0.06 0.07 0.20 0.20 −0.05 −0.48

PDSI_1 −0.05 0.13 0.05 −0.06 −0.09 0.02 0.09 −0.02 −0.08 −0.10

PDSI_3 −0.05 0.12 0.04 −0.06 −0.10 0.04 0.11 −0.02 −0.07 −0.08

PPT_X1 −0.27 0.37 0.10 −0.13 −0.12 −0.05 0.26 0.09 −0.24 −0.17

PPT_X3 −0.18 0.20 0.04 −0.04 −0.07 −0.12 0.23 0.04 −0.09 −0.02

TMEAN_X1 −0.29 0.17 0.00 0.00 0.10 0.08 0.18 0.20 −0.21 −0.26

TMEAN_X3 −0.64 0.36 −0.07 0.06 0.19 −0.03 0.25 0.19 −0.15 −0.20

TMIN_X1 −0.50 0.34 0.02 0.00 0.11 −0.01 0.26 0.08 −0.10 −0.12

TMIN_X3 −0.40 0.34 0.11 −0.09 0.06 0.01 0.29 0.12 −0.22 −0.15

TMAX_X1 −0.20 0.07 −0.01 0.04 0.08 −0.04 0.13 0.10 −0.08 −0.18

TMAX_X3 −0.61 0.22 −0.09 0.17 0.26 −0.17 0.16 0.06 −0.04 −0.12



Appendix 1. Correlation Tables of Explanatory Variables  29

Table 1.1. Correlation matrix (Pearson correlation coefficients) of explanatory variables used to develop models for sharp-tailed 
grouse (Tympanuchus phasianellus) lek density and average number of males per lek in North Dakota and South Dakota, 2000–14. 
Values are combined for North Dakota and South Dakota. Variable definitions are provided in table 2.—Continued

NASSP6 NASSP7 NASSP8 NASSP9 PDSI_1 PDSI_3 PPT_X1 PPT_X3
TMEAN_ 

X1

TMEAN_ 

X3

TMIN_ 

X1

TMIN_ 

X3

TMAX_ 

X1

TMAX_ 

X3

−0.16 −0.23 −0.05 0.08 −0.05 −0.05 −0.27 −0.18 −0.29 −0.64 −0.50 −0.40 −0.20 −0.61

0.09 −0.01 −0.01 −0.11 0.13 0.12 0.37 0.20 0.17 0.36 0.34 0.34 0.07 0.22

0.01 0.26 −0.01 0.01 0.05 0.04 0.10 0.04 0.00 −0.07 0.02 0.11 −0.01 −0.09

−0.03 0.21 0.11 −0.02 −0.06 −0.06 −0.13 −0.04 0.00 0.06 0.00 −0.09 0.04 0.17

0.02 0.30 0.08 −0.06 −0.09 −0.10 −0.12 −0.07 0.10 0.19 0.11 0.06 0.08 0.26

−0.16 −0.16 0.01 0.07 0.02 0.04 −0.05 −0.12 0.08 −0.03 −0.01 0.01 −0.04 −0.17

0.45 −0.35 −0.09 0.20 0.09 0.11 0.26 0.23 0.18 0.25 0.26 0.29 0.13 0.16

0.26 −0.47 −0.13 0.20 −0.02 −0.02 0.09 0.04 0.20 0.19 0.08 0.12 0.10 0.06

−0.20 −0.50 −0.22 −0.05 −0.08 −0.07 −0.24 −0.09 −0.21 −0.15 −0.10 −0.22 −0.08 −0.04

−0.21 −0.56 −0.20 −0.48 −0.10 −0.08 −0.17 −0.02 −0.26 −0.20 −0.12 −0.15 −0.18 −0.12

1.00 −0.26 0.11 0.12 0.19 0.29 0.09 0.20 −0.10 −0.08 0.03 −0.06 −0.17 −0.16

−0.26 1.00 0.07 0.00 0.00 −0.06 0.10 −0.02 0.16 0.11 0.03 0.11 0.16 0.16

0.11 0.07 1.00 0.15 0.00 0.02 0.14 0.04 0.00 0.07 0.00 −0.03 0.02 0.05

0.12 0.00 0.15 1.00 0.10 0.02 0.05 −0.16 0.09 −0.02 0.04 0.06 0.08 −0.05

0.19 0.00 0.00 0.10 1.00 0.85 0.70 0.52 −0.30 −0.32 0.01 −0.04 −0.21 −0.46

0.29 −0.06 0.02 0.02 0.85 1.00 0.53 0.65 −0.27 −0.24 0.06 0.10 −0.34 −0.42

0.09 0.10 0.14 0.05 0.70 0.53 1.00 0.71 −0.06 −0.11 0.10 0.12 −0.05 −0.27

0.20 −0.02 0.04 −0.16 0.52 0.65 0.71 1.00 0.04 −0.06 0.09 0.22 −0.19 −0.26

−0.10 0.16 0.00 0.09 −0.30 −0.27 −0.06 0.04 1.00 0.62 0.16 0.27 0.51 0.50

−0.08 0.11 0.07 −0.02 −0.32 −0.24 −0.11 −0.06 0.62 1.00 0.38 0.38 0.40 0.85

0.03 0.03 0.00 0.04 0.01 0.06 0.10 0.09 0.16 0.38 1.00 0.78 0.02 0.27

−0.06 0.11 −0.03 0.06 −0.04 0.10 0.12 0.22 0.27 0.38 0.78 1.00 0.06 0.24

−0.17 0.16 0.02 0.08 −0.21 −0.34 −0.05 −0.19 0.51 0.40 0.02 0.06 1.00 0.49

−0.16 0.16 0.05 −0.05 −0.46 −0.42 −0.27 −0.26 0.50 0.85 0.27 0.24 0.49 1.00
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Table 1.2. Correlation matrix (Pearson correlation coefficients) of explanatory variables used to develop models for sharp-tailed 
grouse (Tympanuchus phasianellus) lek density and average number of males per lek in North Dakota, 2000–14. Variable definitions are 
provided in table 2.

VARIABLE YALBERS XALBERS
NUM 

TURB3
MEAN_Z STD_Z NASSP1 NASSP2 NASSP3 NASSP4 NASSP5

YALBERS 1.00 −0.47 −0.29 0.25 −0.22 0.11 −0.20 −0.03 0.19 0.16

XALBERS −0.47 1.00 0.29 −0.65 0.31 0.48 0.12 0.25 −0.50 0.03

NUMTURB3 −0.29 0.29 1.00 −0.32 −0.14 0.00 −0.06 −0.07 −0.25 −0.21

MEAN_Z 0.25 −0.65 −0.32 1.00 0.03 −0.14 −0.04 0.05 0.49 0.02

STD_Z −0.22 0.31 −0.14 0.03 1.00 0.42 0.04 0.02 −0.21 0.07

NASSP1 0.11 0.48 0.00 −0.14 0.42 1.00 −0.06 0.18 −0.44 −0.17

NASSP2 −0.20 0.12 −0.06 −0.04 0.04 −0.06 1.00 0.33 −0.03 −0.10

NASSP3 −0.03 0.25 −0.07 0.05 0.02 0.18 0.33 1.00 0.00 −0.02

NASSP4 0.19 −0.50 −0.25 0.49 −0.21 −0.44 −0.03 0.00 1.00 0.39

NASSP5 0.16 0.03 −0.21 0.02 0.07 −0.17 −0.10 −0.02 0.39 1.00

NASSP6 −0.02 −0.12 −0.02 0.01 −0.09 −0.10 0.12 −0.07 −0.15 −0.20

NASSP7 −0.32 0.04 0.32 −0.24 −0.07 −0.16 −0.13 −0.32 −0.56 −0.67

NASSP8 0.41 −0.22 0.04 −0.21 −0.31 −0.09 −0.16 −0.15 −0.18 −0.25

NASSP9 0.18 −0.19 0.00 0.21 −0.11 0.12 0.21 0.14 −0.05 −0.54

PDSI_1 −0.06 0.17 0.08 −0.13 0.02 0.09 0.09 −0.05 −0.10 −0.06

PDSI_3 −0.05 0.15 0.06 −0.13 0.02 0.10 0.06 −0.09 −0.07 −0.03

PPT_X1 −0.19 0.25 0.15 −0.22 0.04 0.03 0.13 −0.03 −0.20 −0.09

PPT_X3 −0.11 0.09 0.03 −0.11 0.02 −0.08 0.14 −0.09 −0.04 0.08

TMEAN_X1 −0.14 0.11 0.04 0.04 0.07 0.14 0.15 0.21 −0.20 −0.26

TMEAN_X3 −0.22 0.17 0.01 −0.03 0.06 0.07 0.08 0.19 −0.03 −0.13

TMIN_X1 −0.24 0.24 0.13 −0.13 0.12 0.08 0.11 −0.02 0.00 0.00

TMIN_X3 −0.25 0.28 0.19 −0.17 0.09 0.11 0.10 −0.01 −0.14 −0.06

TMAX_X1 0.02 −0.04 0.00 0.08 −0.01 0.03 0.01 0.08 −0.02 −0.16

TMAX_X3 −0.21 −0.02 −0.04 0.06 −0.02 −0.14 −0.06 −0.02 0.14 −0.04
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Table 1.2. Correlation matrix (Pearson correlation coefficients) of explanatory variables used to develop models for sharp-tailed 
grouse (Tympanuchus phasianellus) lek density and average number of males per lek in North Dakota, 2000–14. Variable definitions are 
provided in table 2.—Continued

NASSP6 NASSP7 NASSP8 NASSP9 PDSI_1 PDSI_3 PPT_X1 PPT_X3
TMEAN_ 

X1

TMEAN_ 

X3

TMIN_ 

X1

TMIN_ 

X3

TMAX_ 

X1

TMAX_ 

X3

−0.02 −0.32 0.41 0.18 −0.06 −0.05 −0.19 −0.11 −0.14 −0.22 −0.24 −0.25 0.02 −0.21

−0.12 0.04 −0.22 −0.19 0.17 0.15 0.25 0.09 0.11 0.17 0.24 0.28 −0.04 −0.02

−0.02 0.32 0.04 0.00 0.08 0.06 0.15 0.03 0.04 0.01 0.13 0.19 0.00 −0.04

0.01 −0.24 −0.21 0.21 −0.13 −0.13 −0.22 −0.11 0.04 −0.03 −0.13 −0.17 0.08 0.06

−0.09 −0.07 −0.31 −0.11 0.02 0.02 0.04 0.02 0.07 0.06 0.12 0.09 −0.01 −0.02

−0.10 −0.16 −0.09 0.12 0.09 0.10 0.03 −0.08 0.14 0.07 0.08 0.11 0.03 −0.14

0.12 −0.13 −0.16 0.21 0.09 0.06 0.13 0.14 0.15 0.08 0.11 0.10 0.01 −0.06

−0.07 −0.32 −0.15 0.14 −0.05 −0.09 −0.03 −0.09 0.21 0.19 −0.02 −0.01 0.08 −0.02

−0.15 −0.56 −0.18 −0.05 −0.10 −0.07 −0.20 −0.04 −0.20 −0.03 0.00 −0.14 −0.02 0.14

−0.20 −0.67 −0.25 −0.54 −0.06 −0.03 −0.09 0.08 −0.26 −0.13 0.00 −0.06 −0.16 −0.04

1.00 −0.09 0.28 0.15 0.23 0.28 0.03 0.06 −0.28 −0.31 0.01 −0.17 −0.32 −0.37

−0.09 1.00 0.13 0.08 −0.04 −0.08 0.14 0.01 0.24 0.14 −0.05 0.11 0.18 0.18

0.28 0.13 1.00 0.25 0.04 0.02 0.04 0.00 −0.08 −0.11 −0.09 −0.12 0.00 −0.11

0.15 0.08 0.25 1.00 0.15 0.06 0.05 −0.18 0.12 −0.06 0.05 0.07 0.07 −0.10

0.23 −0.04 0.04 0.15 1.00 0.85 0.73 0.48 −0.30 −0.37 0.09 0.03 −0.30 −0.56

0.28 −0.08 0.02 0.06 0.85 1.00 0.50 0.62 −0.32 −0.26 0.20 0.23 −0.41 −0.50

0.03 0.14 0.04 0.05 0.73 0.50 1.00 0.64 −0.03 −0.23 −0.01 0.06 −0.15 −0.44

0.06 0.01 0.00 −0.18 0.48 0.62 0.64 1.00 0.00 −0.07 0.13 0.33 −0.25 −0.34

−0.28 0.24 −0.08 0.12 −0.30 −0.32 −0.03 0.00 1.00 0.68 0.01 0.24 0.60 0.45

−0.31 0.14 −0.11 −0.06 −0.37 −0.26 −0.23 −0.07 0.68 1.00 0.12 0.21 0.36 0.68

0.01 −0.05 −0.09 0.05 0.09 0.20 −0.01 0.13 0.01 0.12 1.00 0.71 −0.23 −0.08

−0.17 0.11 −0.12 0.07 0.03 0.23 0.06 0.33 0.24 0.21 0.71 1.00 −0.13 −0.04

−0.32 0.18 0.00 0.07 −0.30 −0.41 −0.15 −0.25 0.60 0.36 −0.23 −0.13 1.00 0.51

−0.37 0.18 −0.11 −0.10 −0.56 −0.50 −0.44 −0.34 0.45 0.68 −0.08 −0.04 0.51 1.00
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Table 1.3. Correlation matrix (Pearson correlation coefficients) of explanatory variables used to develop models for sharp-tailed 
grouse (Tympanuchus phasianellus) lek density and average number of males per lek in South Dakota, 2000–14. Variable definitions are 
provided in table 2.

VARIABLE YALBERS XALBERS
NUM 

TURB3
MEAN_Z STD_Z NASSP1 NASSP2 NASSP3 NASSP4 NASSP5

YALBERS 1.00 −0.56 0.07 0.38 0.14 0.16 −0.06 −0.03 0.20 0.03

XALBERS −0.56 1.00 0.13 −0.71 −0.21 −0.29 0.61 0.58 −0.43 −0.29

NUMTURB3 0.07 0.13 1.00 0.01 −0.12 −0.36 0.08 0.04 −0.01 −0.05

MEAN_Z 0.38 −0.71 0.01 1.00 0.52 0.29 −0.61 −0.68 0.43 0.18

STD_Z 0.14 −0.21 −0.12 0.52 1.00 0.31 −0.25 −0.30 −0.13 −0.39

NASSP1 0.16 −0.29 −0.36 0.29 0.31 1.00 −0.29 −0.22 0.27 −0.33

NASSP2 −0.06 0.61 0.08 −0.61 −0.25 −0.29 1.00 0.86 −0.14 −0.18

NASSP3 −0.03 0.58 0.04 −0.68 −0.30 −0.22 0.86 1.00 −0.09 −0.13

NASSP4 0.20 −0.43 −0.01 0.43 −0.13 0.27 −0.14 −0.09 1.00 0.21

NASSP5 0.03 −0.29 −0.05 0.18 −0.39 −0.33 −0.18 −0.13 0.21 1.00

NASSP6 −0.06 0.45 0.19 −0.39 −0.10 −0.31 0.67 0.60 −0.24 −0.18

NASSP7 0.11 −0.42 0.03 0.45 0.33 −0.04 −0.80 −0.81 −0.26 0.03

NASSP8 −0.63 0.32 −0.19 −0.30 −0.10 0.33 −0.13 −0.14 −0.31 −0.21

NASSP9 −0.40 0.51 0.02 −0.64 −0.16 −0.49 0.54 0.57 −0.14 0.08

PDSI_1 0.05 0.01 0.03 0.04 −0.08 −0.10 −0.04 −0.08 0.14 −0.13

PDSI_3 0.01 0.04 0.03 0.01 −0.07 −0.10 0.09 0.02 0.07 −0.25

PPT_X1 −0.32 0.49 0.09 −0.33 −0.19 −0.11 0.22 0.14 −0.15 −0.32

PPT_X3 −0.20 0.32 0.13 −0.19 −0.13 −0.17 0.25 0.15 −0.09 −0.36

TMEAN_X1 −0.15 0.00 −0.11 −0.07 −0.01 0.00 0.15 0.12 −0.04 0.00

TMEAN_X3 −0.35 0.12 −0.21 −0.11 0.03 0.11 0.04 0.04 −0.01 0.15

TMIN_X1 −0.10 0.06 −0.17 −0.02 0.04 0.11 0.12 0.05 0.06 −0.13

TMIN_X3 −0.04 0.08 −0.04 −0.07 0.03 0.07 0.24 0.17 −0.06 −0.08

TMAX_X1 −0.09 0.07 0.06 −0.06 −0.09 −0.09 0.06 0.03 −0.02 0.16

TMAX_X3 −0.29 0.01 −0.14 −0.04 0.00 0.07 −0.06 −0.04 0.01 0.26
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Table 1.3. Correlation matrix (Pearson correlation coefficients) of explanatory variables used to develop models for sharp-tailed 
grouse (Tympanuchus phasianellus) lek density and average number of males per lek in South Dakota, 2000–14. Variable definitions are 
provided in table 2.—Continued

NASSP6 NASSP7 NASSP8 NASSP9 PDSI_1 PDSI_3 PPT_X1 PPT_X3 TMEAN_ X1 TMEAN_ X3
TMIN_ 

X1

TMIN_ 

X3

TMAX_ 

X1

TMAX_ 

X3

−0.06 0.11 −0.63 −0.40 0.05 0.01 −0.32 −0.20 −0.15 −0.35 −0.10 −0.04 −0.09 −0.29

0.45 −0.42 0.32 0.51 0.01 0.04 0.49 0.32 0.00 0.12 0.06 0.08 0.07 0.01

0.19 0.03 −0.19 0.02 0.03 0.03 0.09 0.13 −0.11 −0.21 −0.17 −0.04 0.06 −0.14

−0.39 0.45 −0.30 −0.64 0.04 0.01 −0.33 −0.19 −0.07 −0.11 −0.02 −0.07 −0.06 −0.04

−0.10 0.33 −0.10 −0.16 −0.08 −0.07 −0.19 −0.13 −0.01 0.03 0.04 0.03 −0.09 0.00

−0.31 −0.04 0.33 −0.49 −0.10 −0.10 −0.11 −0.17 0.00 0.11 0.11 0.07 −0.09 0.07

0.67 −0.80 −0.13 0.54 −0.04 0.09 0.22 0.25 0.15 0.04 0.12 0.24 0.06 −0.06

0.60 −0.81 −0.14 0.57 −0.08 0.02 0.14 0.15 0.12 0.04 0.05 0.17 0.03 −0.04

−0.24 −0.26 −0.31 −0.14 0.14 0.07 −0.15 −0.09 −0.04 −0.01 0.06 −0.06 −0.02 0.01

−0.18 0.03 −0.21 0.08 −0.13 −0.25 −0.32 −0.36 0.00 0.15 −0.13 −0.08 0.16 0.26

1.00 −0.64 −0.08 0.14 0.03 0.27 0.08 0.38 0.21 0.01 −0.19 −0.09 0.00 −0.12

−0.64 1.00 −0.03 −0.36 0.05 −0.09 −0.08 −0.15 −0.19 −0.16 −0.03 −0.11 −0.05 −0.04

−0.08 −0.03 1.00 0.01 −0.07 −0.01 0.23 0.06 0.10 0.23 0.03 −0.01 0.01 0.17

0.14 −0.36 0.01 1.00 −0.08 −0.14 0.15 −0.13 0.01 0.19 0.08 0.13 0.17 0.21

0.03 0.05 −0.07 −0.08 1.00 0.86 0.68 0.59 −0.35 −0.57 −0.19 −0.21 −0.07 −0.65

0.27 −0.09 −0.01 −0.14 0.86 1.00 0.60 0.72 −0.24 −0.46 −0.24 −0.18 −0.22 −0.64

0.08 −0.08 0.23 0.15 0.68 0.60 1.00 0.78 −0.23 −0.39 0.05 0.06 0.00 −0.53

0.38 −0.15 0.06 −0.13 0.59 0.72 0.78 1.00 0.00 −0.34 −0.11 −0.03 −0.18 −0.55

0.21 −0.19 0.10 0.01 −0.35 −0.24 −0.23 0.00 1.00 0.46 0.11 0.10 0.21 0.41

0.01 −0.16 0.23 0.19 −0.57 −0.46 −0.39 −0.34 0.46 1.00 0.15 0.21 0.32 0.95

−0.19 −0.03 0.03 0.08 −0.19 −0.24 0.05 −0.11 0.11 0.15 1.00 0.80 0.24 0.15

−0.09 −0.11 −0.01 0.13 −0.21 −0.18 0.06 −0.03 0.10 0.21 0.80 1.00 0.22 0.17

0.00 −0.05 0.01 0.17 −0.07 −0.22 0.00 −0.18 0.21 0.32 0.24 0.22 1.00 0.37

−0.12 −0.04 0.17 0.21 −0.65 −0.64 −0.53 −0.55 0.41 0.95 0.15 0.17 0.37 1.00

https://www.usgs.gov/centers/npwrc
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