
(1939) indicated that winter displays are often incomplete with limited vocalization 
and sparring, though active displaying has been observed in winter in Kansas and 
Oklahoma (E. A. Young and D. Wolfe pers. comm.).  There is a paucity of published 
data on display behavior beginning in the winter months (December to January) and 
persisting through the end of the normal breeding season (Hamerstrom 1939; 
Mohler 1952; Schwartz 1945; Baker 1953). Additionally, this observation was made in 
central Nebraska, in the center of the GRPC’s current latitudinal range where lekking 
usually begins later than in the GRPC’s southern range (Robb and Schroeder 2005; 
Johnsgard 2016). In a three-year study of GRPC breeding phenology in the Flint 
Hills of Kansas, McNew et al. (2011) found males attending leks from 2 March to 19 
May and females attending leks from 20 March to 16 April, with peak attendance of 
both sexes in early April. Robb and Schroeder (2005) reported that GRPC lekking 
activity is generally documented from early March to early June throughout their 
geographical range. However, Thompson et al. (2011) indicated up to 100 males 
gather on booming grounds in Kansas starting in February, and Young (pers. comm.) 
observed display behaviors in January-February in the southern Flint Hills region 
during the 1980’s and early 1990’s when populations were more robust. Our 
objective in monitoring this lek was to determine if early lekking behavior was a 
temporary phenomenon, or if this lekking behavior once initiated, would continue 
uninterrupted through the 2015 breeding season given the atypically mild winter 
temperatures recorded in January (NOAA 2017 ). 

STUDY AREA

 Mormon Island (40.797163° N, -98.417318° W; Figure 1) consists of 1100 
hectares of primarily relict lowland tallgrass prairie and wet meadow habitat 
containing scattered upland sandy ridges and riparian, cottonwood (Populus deltoides) 
dominated, woodlands bordered to both the north and south by channels of the 
Platte River (Currier 1982, 1989, Nagel and Kolstad 1987). Just to its west, 
Shoemaker Island consists of 850 hectares of upland tallgrass prairie, woodlands, and 
interspersed wet meadows and sloughs. The adjacent Mormon and Shoemaker 
islands are owned and managed by the Crane Trust, a small private non-profit 
conservation organization aimed at preserving habitat for Whooping Cranes (Grus 
americana) and other migratory birds along the Big Bend of the Platte River 
(VanDerwalker 1981). The landscape has been managed with rotational cattle grazing 
(rested every 3-4 yrs) and prescribed fire (burned every 4-5 yrs) to mimic historic 
disturbance regimes, maintain a variety of habitats in different successional stages, 
and promote native and endemic biodiversity (Currier 1982; Briggs et al. 2005; 
Fuhlendorf et al. 2009).  This area constitutes the largest contiguous expanse of 
riverine prairie remaining along the Big Bend of the Platte River, providing habitat 
for an isolated breeding population of GRPCs approximately 40 km from the nearest 
consistent booming grounds in northwest Hall County (Lingle et al. 1994; Svedarsky 
et al. 2000; Sharpe et al. 2001; Johnsgard 2016). 

 The study lek on Mormon Island was located approximately 60 m from a 
cattle-drinker in short, heavily grazed, upland vegetation on a sandy ridge rising 1 m 
to 1.25 m in elevation above the lowland tallgrass prairie to the south and about 1.5 m 
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ABSTRACT
 We detected 9 adult male Greater Prairie-Chickens (Tympanuchus cupido pinnatus) 
actively lekking on 30 January of 2015 and monitored the lek once per week to 
determine if lekking behavior would continue uninterrupted through the typical 
lekking season from early March through late May. We documented lekking 
behavior, male and female lek attendance, habitat information, and weather data 
from 30 January to 20 May 2015 (21 observations). Male lekking behavior was 
documented during every observation throughout the study period except for the 
final observation on 20 May. Additionally, female Greater Prairie-Chickens were 
documented attending the lek as early as 11 March. We provide evidence of an early 
and extended lekking season in Nebraska.

INTRODUCTION

 During the week of 19 January through 23 January 2015, biologists conducting 
land management work flushed three Greater Prairie-Chickens (Tympanuchus cupido 
pinnatus; GRPC) from the center of Mormon Island, Hall County, Nebraska (Figure 
1). Following the early detection of multiple GRPCs in an appropriate lekking 
location, we began monitoring the area on a weekly basis for potential lekking 
activity. On 30 January 2015, we detected nine male GRPCs vocalizing (booming), 
conducting breeding displays (strutting), and sparring with each other at a known 
lek site. GRPCs are known to gather intermittently at lek sites during the wintering 
months and periodic displays have been documented during mild winter weather 
throughout their range (Hamerstrom 1939; Schwartz 1945; Mohler 1952; Baker 
1953; Horak 1985; Horak and Applegate 1998; Thompson et al. 2011). Hamerstrom 

above the wet meadow north of the ridge. Vegetation on the lekking site was grazed 
the previous fall to less than 3 cm in height, leaving ample open ground. The lek was 
centered about 55 m west of a north-south oriented fence and 45 m north of an 
east-west positioned fence inside a 120 hectare pasture. This pasture had not been 
burned for three years as of 2015, but grazing had been intensive on the higher 
ridges in this pasture into the fall of 2014.  This was especially true regarding the 

eventual lekking area, as the cattle-drinker was nearby, and the upland ridge was 
dominated by vegetation species preferred by cattle including western wheatgrass 
(Pascopyrum smithii), big bluestem (Andropogon gerardii), and little bluestem 
(Schizachyrium scoparium) (Stubbendieck et al. 1992). Crane Trust biology staff found 
GRPCs in the same location in the spring of 2014; however, in 2012, 2013, and 2016 
the lek was not detected in this location, but 250 m to the northeast on a 
cattle-grazed sandy ridge in an adjacent pasture. On 22 April 2015, we conducted a 
controlled burn in the 125 hectare pasture directly south of the pasture containing 

our study lek. On 30 April 2015, GRPCs were detected displaying at the actively 
monitored lek site as well as the newly burned area centered roughly 100 m south. 
The following week on 7 May, continuing through 20 May 2015, we observed the 
GRPCs predominantly gathering and lekking on the recently burned area. 
Year-round long term avian monitoring surveys conducted across Mormon and 
Shoemaker Islands indicate the general area described above, containing three 
separate lekking locations within 250 m, represents the only known lekking grounds 
on the Crane Trust’s property (Crane Trust unpubl. data). Lingle and Hay (1982) 
recorded wintering GRPCs during their two year (1980-1981) avian inventory of 
Mormon Island, but they did not detect GRPCs breeding in the area, suggesting that 
lekking and breeding activity may be a relatively recent phenomenon.

METHODS

 Observations began 30 January and continued until 20 May 2015. Prior to the 
initiation of our observational period, we erected a camouflaged pop-up blind 
adjacent to the fence 55 m east of the GRPC lek and observed the lek approximately 
once a week (mean = every 5.8 days; range = 2 to 10; SD = 3.1), for a minimum 
time period of one hour (mean = 1 hr 29 min; range = 1 hr to 2 hrs 5 min; SD = 28 
min), starting just before sunrise utilizing an 80 mm spotting scope. Observation 
starting times ranged from roughly 0615 hrs to 0730 hrs gradually becoming earlier 
advancing into the spring following the change in sunrise timing. Observation days 
were determined by staff availability and weather conditions were not a major factor 
in determining site visit days. One to two field personnel made a total of 21 
observations including 19 morning and two late afternoon observations. We 
employed a scan sampling method where we made passes of the lekking area and 
recorded the number of GRPCs present, their sex, and their general behavior at the 
time of our scan, including display, foraging, or loafing behavior (Altmann 1974). 
Lek attendance was determined by the maximum count of each sex recorded during 
any single scan per observation day. Display behavior based on Robb and Schroeder 
(2005) and Johnsgard (2016) were recorded. We also recorded narrative descriptions 
of the habitat conditions each week including plant regrowth as well as recent land 
management actions (controlled burning, etc.). We logged the temperature and wind 
speed at time of observation utilizing a Kestrel 3000 weather meter. Additionally, we 
summarized weather data from the nearest National Oceanic and Atmospheric 
Administration (NOAA) weather station (KHSI, 40.60056° N, -98.42583° W) located 
at the Hastings Municipal Airport, Hastings, Nebraska, approximately 21 km south 
of our research site to gauge how the winter weather in 2015 compared to historic 
averages (NOAA 2017). 

RESULTS

 We recorded a full range of male display behavior (e.g., booming, strutting, and 
sparring) during every observation from 30 January through 13 May 2015. During 
the final scheduled observation on 20 May 2015 seven male GRPCs were gathered at 
the lekking site loafing together but no lekking display behavior was documented. 

We detected the first female GRPC on 11 March 2015, and females were 
documented attending the lek during five consecutive observations through 01 April 
2015 (Figure 2). We did not detect females again until we documented them on four 
of seven observations between 22 April and 13 May 2015. During the final lek 
observation of this study on 20 May 2015, no female GRPCs were detected. We 
recorded an average of 10.8 males per survey (SD = 2.2; range = 6-14) and 0.5 
females per survey (SD = 0.7; range = 0-2; Table 1, Figure 2.). We documented the 
first signs of new green vegetation growth at the lek site on 22 March 2015 (Figure 
2).

 From 16 January through 30 January 2015, daily highs were approximately 10° 
C above average, daily average temperatures were 7.7° C above average, and daily 
lows were 5° C above average (Table 2), with temperatures reaching as high as 20.6° 
C (NOAA 2017).  However, after this warm spell, temperatures returned to levels 
more closely resembling historic daily averages for the month of February (observed: 
-3.5° C; historic: -1.1° C; Table 2). Temperatures collected in the field (Kestrel 3000 
weather meter) while observing active lekking behavior ranged from
-15.0° C on 5 March 2015, to 15.6° C on 7 May 2015 (mean: 3.5 ° C; Table 1). 

DISCUSSION

 The male GRPCs on Mormon Island began consistently lekking more than one 
month prior to the typical start of the lekking season in Nebraska and what has 
generally been published for the central Great Plains (Robb and Schroeder 2005; 
McNew et al. 2011; Johnsgard 2016; Figure 2). McNew et al. (2011) did not observe 
seasonal variation in lek attendance during their three-year study of three GRPC 

populations in Kansas, suggesting that the timing of lek attendance is relatively 
stable.  We recorded male GRPCs lekking across a span of 111 days beginning 30 
January 2015, 34 days longer than McNew et al. (2011) documented following a 2 
March start. However, Toeffer and Eng (1988) recorded radio tracked males 
beginning to return to the lekking grounds as early as 5 February (n = 1) and 10 
February (n = 2) in their study of GRPC movements within the Sheyenne National 
Grasslands in southeastern North Dakota. Additionally, experienced field biologists 
working with GRPCs in Kansas and Oklahoma have captured GRPCs on their 
lekking grounds throughout the winter months.  D. Wolfe (pers. comm., unpubl. 
data) indicated that from 1997-2000 during first capture events on lekking grounds 
they documented 19 individuals in February (one female, f); 43 in March (eight f), 
88 in April (45 f), 19 in November (three f), and 15 in December (five f).  Schroeder 
and Braun (1992) documented male lek attendance from late February to early 
June, with attendance being the most stable in March and April in their 6-year study 
of 80 leks across 301 square km of prairie in northeastern Colorado.
 
 McNew et al. (2011) found that 95% of all female lek visits were recorded within 
28 days between 20 March and 16 April. In 2015, per our observations, female 
GRPCs began consistently attending the lek on Mormon Island nine days ahead of 
this mark, from 11 March to 1 April (Figure 2). This time period likely coincided 
with mating activity prior to first clutch initiation (McNew et al. 2011; Robb and 
Schroeder 2005; Johnsgard 2016). However, female lek attendance in our study both 
predated and postdated those dates recorded by McNew et al. (2011), but are within 
the timeframe observed by D. Wolfe (pers. comm.) in Oklahoma. The female lek 
attendance dates we report herein also preceded and extended past those reported 
by Robel and Ballard (1974), which observed female GRPCs attending three separate 
leks from late March to early May on a 970 hectare prairie on the western edge of 
the Flint Hills in Kansas. Hamerstrom and Hamerstrom (1973) documented 
occasional female lek attendance beginning in late March and early April that came 
to a peak in the third to fourth week of April before dropping in the first week of 
May in their 22 year study in Wisconsin. We recorded female GRPCs attending the 
lek across a 64-day period, which is longer than most accounts of female lek 
attendance (Hamerstrom and Hamerstrom 1973; Robel and Ballard 1974; McNew 
et al. 2011). The late season female lek attendance we recorded from 22 April to 13 
May 2015 may have been prompted by significant nest failure following a controlled 
burn in the pasture immediately south of the lekking grounds (Figure 2). However, a 
second and smaller peak of female lek attendance is often documented a few weeks 
after the first as females which nested unsuccessfully return to the lekking grounds 
to remate (Hamerstrom and Hamerstrom 1973; Robb and Schroeder 2005). 

 Our documentation of consistent lek attendance for both sexes, as well as male 
display behavior, appear to be both early and extended in references to most 
published dates of GRPC activity. Research has documented periodic winter lek 
attendance and display behavior by GRPCs, however, these were often not “complete 
performances” including strutting, sparring, and booming (Hamerstrom 1939; 
Mohler 1952; Horak and Applegate 1998). Hamerstrom (1939) documented early 
lekking behavior during February thaws in Wisconsin in which GRPCs were 

physically acting out displays without vocalizing and first detected complete displays 
beginning between 2 March and 21 March during his three-year study from 1936 to 
1938 in Wisconsin. However, Schwartz (1945) documented periodic GRPC booming 
and strutting in Missouri during February of 1941 and 1942 that was interrupted by 
“periods of severe cold.” Schwartz (1945) also documented “regular” use of booming 
grounds in 1943 starting on 5 February, which represents one of the earliest records 
of consistent GRPC lekking behavior documented in the central Great Plains. We 
noted booming, strutting, and sparring consistently during our observations 
beginning on 30 January 2015. We documented six male GRPCs booming even 
under inclement cold weather conditions with temperatures as low as -14° C and 
winds reaching 24.1 kph on 18 February 2015. Our observations differ from the 
majority of accounts of winter GRPC lekking activity, with the exception of that 
reported herewith by Wolfe (see above) and those recorded by Schwartz (1945) in 
1943, as they indicate both consistent as well as complete lekking display behavior 
despite returns to cold temperatures following warm winter weather.
 
 Male GRPC lekking behavior may be cued, in part, by sustained periods of 
warm late winter and early spring weather.  Though hormonal processes triggered 
by photoperiod predominantly regulate the seasonal timing of reproductive 
behavior in birds, temperature and other environmental cues (forage, etc.) have 
been found to aid in the fine scale determination of these annual cycles (Wingfield et 
al. 2003; Dawson 2008). It is possible that early and consistent lekking behavior 
occasionally occurs throughout the GRPC’s range following extended periods of 
mild winter weather, and has not been sufficiently documented in the scientific 
literature (D. Wolfe pers. comm.). Moreover, it is likely that different geographical 
populations, even at the same latitude, exhibit significant temporal variation 
regarding the initiation of lekking behavior with some populations being more 
prone to consistent early display behavior than others (Sharpe et al. 2001; Conklin et 
al. 2013). Stable lekking grounds, which are regularly used across years as opposed 
to intermittently or ephemerally utilized sites, may be more likely to support 
periodic or sustained winter lekking behavior. Stable lekking grounds have 
comparatively high male lek attendance and are more likely to support some level of 
GRPC activity in all months of the year aside from August and July (Schroeder and 
Braun 1992; Horak and Applegate 1998). Our study lek was documented yearly 
from 2012 to 2017 within the same 250 m2 area of Mormon Island. Additionally, we 
recorded a male lek attendance per survey in 2015 (mean = 10.8) characteristic of 
stable lekking grounds (Schroeder and Braun 1992). This study marks the earliest 
record of consistent GRPC lekking behavior within the central Great Plains 
documented in the scientific literature to our knowledge. Our observations also 
suggest that an early start to male display behavior may not simply represent a 
temporal advance of the lekking season but also an extension of its duration. Further 
research is needed to determine if winter GRPC lekking behavior is a widespread 
phenomenon during unseasonably warm winter weather. If our observations 
represent a common occurrence throughout the GRPC’s range, increased warming 
trends may alter the lekking phenology of GRPCs with unknown impacts (Bradley et 
al. 1999; Charmantier and Gienapp 2014).
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(1939) indicated that winter displays are often incomplete with limited vocalization 
and sparring, though active displaying has been observed in winter in Kansas and 
Oklahoma (E. A. Young and D. Wolfe pers. comm.).  There is a paucity of published 
data on display behavior beginning in the winter months (December to January) and 
persisting through the end of the normal breeding season (Hamerstrom 1939; 
Mohler 1952; Schwartz 1945; Baker 1953). Additionally, this observation was made in 
central Nebraska, in the center of the GRPC’s current latitudinal range where lekking 
usually begins later than in the GRPC’s southern range (Robb and Schroeder 2005; 
Johnsgard 2016). In a three-year study of GRPC breeding phenology in the Flint 
Hills of Kansas, McNew et al. (2011) found males attending leks from 2 March to 19 
May and females attending leks from 20 March to 16 April, with peak attendance of 
both sexes in early April. Robb and Schroeder (2005) reported that GRPC lekking 
activity is generally documented from early March to early June throughout their 
geographical range. However, Thompson et al. (2011) indicated up to 100 males 
gather on booming grounds in Kansas starting in February, and Young (pers. comm.) 
observed display behaviors in January-February in the southern Flint Hills region 
during the 1980’s and early 1990’s when populations were more robust. Our 
objective in monitoring this lek was to determine if early lekking behavior was a 
temporary phenomenon, or if this lekking behavior once initiated, would continue 
uninterrupted through the 2015 breeding season given the atypically mild winter 
temperatures recorded in January (NOAA 2017 ). 

STUDY AREA

 Mormon Island (40.797163° N, -98.417318° W; Figure 1) consists of 1100 
hectares of primarily relict lowland tallgrass prairie and wet meadow habitat 
containing scattered upland sandy ridges and riparian, cottonwood (Populus deltoides) 
dominated, woodlands bordered to both the north and south by channels of the 
Platte River (Currier 1982, 1989, Nagel and Kolstad 1987). Just to its west, 
Shoemaker Island consists of 850 hectares of upland tallgrass prairie, woodlands, and 
interspersed wet meadows and sloughs. The adjacent Mormon and Shoemaker 
islands are owned and managed by the Crane Trust, a small private non-profit 
conservation organization aimed at preserving habitat for Whooping Cranes (Grus 
americana) and other migratory birds along the Big Bend of the Platte River 
(VanDerwalker 1981). The landscape has been managed with rotational cattle grazing 
(rested every 3-4 yrs) and prescribed fire (burned every 4-5 yrs) to mimic historic 
disturbance regimes, maintain a variety of habitats in different successional stages, 
and promote native and endemic biodiversity (Currier 1982; Briggs et al. 2005; 
Fuhlendorf et al. 2009).  This area constitutes the largest contiguous expanse of 
riverine prairie remaining along the Big Bend of the Platte River, providing habitat 
for an isolated breeding population of GRPCs approximately 40 km from the nearest 
consistent booming grounds in northwest Hall County (Lingle et al. 1994; Svedarsky 
et al. 2000; Sharpe et al. 2001; Johnsgard 2016). 

 The study lek on Mormon Island was located approximately 60 m from a 
cattle-drinker in short, heavily grazed, upland vegetation on a sandy ridge rising 1 m 
to 1.25 m in elevation above the lowland tallgrass prairie to the south and about 1.5 m 
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ABSTRACT
 We detected 9 adult male Greater Prairie-Chickens (Tympanuchus cupido pinnatus) 
actively lekking on 30 January of 2015 and monitored the lek once per week to 
determine if lekking behavior would continue uninterrupted through the typical 
lekking season from early March through late May. We documented lekking 
behavior, male and female lek attendance, habitat information, and weather data 
from 30 January to 20 May 2015 (21 observations). Male lekking behavior was 
documented during every observation throughout the study period except for the 
final observation on 20 May. Additionally, female Greater Prairie-Chickens were 
documented attending the lek as early as 11 March. We provide evidence of an early 
and extended lekking season in Nebraska.

INTRODUCTION

 During the week of 19 January through 23 January 2015, biologists conducting 
land management work flushed three Greater Prairie-Chickens (Tympanuchus cupido 
pinnatus; GRPC) from the center of Mormon Island, Hall County, Nebraska (Figure 
1). Following the early detection of multiple GRPCs in an appropriate lekking 
location, we began monitoring the area on a weekly basis for potential lekking 
activity. On 30 January 2015, we detected nine male GRPCs vocalizing (booming), 
conducting breeding displays (strutting), and sparring with each other at a known 
lek site. GRPCs are known to gather intermittently at lek sites during the wintering 
months and periodic displays have been documented during mild winter weather 
throughout their range (Hamerstrom 1939; Schwartz 1945; Mohler 1952; Baker 
1953; Horak 1985; Horak and Applegate 1998; Thompson et al. 2011). Hamerstrom 
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above the wet meadow north of the ridge. Vegetation on the lekking site was grazed 
the previous fall to less than 3 cm in height, leaving ample open ground. The lek was 
centered about 55 m west of a north-south oriented fence and 45 m north of an 
east-west positioned fence inside a 120 hectare pasture. This pasture had not been 
burned for three years as of 2015, but grazing had been intensive on the higher 
ridges in this pasture into the fall of 2014.  This was especially true regarding the 

eventual lekking area, as the cattle-drinker was nearby, and the upland ridge was 
dominated by vegetation species preferred by cattle including western wheatgrass 
(Pascopyrum smithii), big bluestem (Andropogon gerardii), and little bluestem 
(Schizachyrium scoparium) (Stubbendieck et al. 1992). Crane Trust biology staff found 
GRPCs in the same location in the spring of 2014; however, in 2012, 2013, and 2016 
the lek was not detected in this location, but 250 m to the northeast on a 
cattle-grazed sandy ridge in an adjacent pasture. On 22 April 2015, we conducted a 
controlled burn in the 125 hectare pasture directly south of the pasture containing 

our study lek. On 30 April 2015, GRPCs were detected displaying at the actively 
monitored lek site as well as the newly burned area centered roughly 100 m south. 
The following week on 7 May, continuing through 20 May 2015, we observed the 
GRPCs predominantly gathering and lekking on the recently burned area. 
Year-round long term avian monitoring surveys conducted across Mormon and 
Shoemaker Islands indicate the general area described above, containing three 
separate lekking locations within 250 m, represents the only known lekking grounds 
on the Crane Trust’s property (Crane Trust unpubl. data). Lingle and Hay (1982) 
recorded wintering GRPCs during their two year (1980-1981) avian inventory of 
Mormon Island, but they did not detect GRPCs breeding in the area, suggesting that 
lekking and breeding activity may be a relatively recent phenomenon.

METHODS

 Observations began 30 January and continued until 20 May 2015. Prior to the 
initiation of our observational period, we erected a camouflaged pop-up blind 
adjacent to the fence 55 m east of the GRPC lek and observed the lek approximately 
once a week (mean = every 5.8 days; range = 2 to 10; SD = 3.1), for a minimum 
time period of one hour (mean = 1 hr 29 min; range = 1 hr to 2 hrs 5 min; SD = 28 
min), starting just before sunrise utilizing an 80 mm spotting scope. Observation 
starting times ranged from roughly 0615 hrs to 0730 hrs gradually becoming earlier 
advancing into the spring following the change in sunrise timing. Observation days 
were determined by staff availability and weather conditions were not a major factor 
in determining site visit days. One to two field personnel made a total of 21 
observations including 19 morning and two late afternoon observations. We 
employed a scan sampling method where we made passes of the lekking area and 
recorded the number of GRPCs present, their sex, and their general behavior at the 
time of our scan, including display, foraging, or loafing behavior (Altmann 1974). 
Lek attendance was determined by the maximum count of each sex recorded during 
any single scan per observation day. Display behavior based on Robb and Schroeder 
(2005) and Johnsgard (2016) were recorded. We also recorded narrative descriptions 
of the habitat conditions each week including plant regrowth as well as recent land 
management actions (controlled burning, etc.). We logged the temperature and wind 
speed at time of observation utilizing a Kestrel 3000 weather meter. Additionally, we 
summarized weather data from the nearest National Oceanic and Atmospheric 
Administration (NOAA) weather station (KHSI, 40.60056° N, -98.42583° W) located 
at the Hastings Municipal Airport, Hastings, Nebraska, approximately 21 km south 
of our research site to gauge how the winter weather in 2015 compared to historic 
averages (NOAA 2017). 

RESULTS

 We recorded a full range of male display behavior (e.g., booming, strutting, and 
sparring) during every observation from 30 January through 13 May 2015. During 
the final scheduled observation on 20 May 2015 seven male GRPCs were gathered at 
the lekking site loafing together but no lekking display behavior was documented. 

We detected the first female GRPC on 11 March 2015, and females were 
documented attending the lek during five consecutive observations through 01 April 
2015 (Figure 2). We did not detect females again until we documented them on four 
of seven observations between 22 April and 13 May 2015. During the final lek 
observation of this study on 20 May 2015, no female GRPCs were detected. We 
recorded an average of 10.8 males per survey (SD = 2.2; range = 6-14) and 0.5 
females per survey (SD = 0.7; range = 0-2; Table 1, Figure 2.). We documented the 
first signs of new green vegetation growth at the lek site on 22 March 2015 (Figure 
2).

 From 16 January through 30 January 2015, daily highs were approximately 10° 
C above average, daily average temperatures were 7.7° C above average, and daily 
lows were 5° C above average (Table 2), with temperatures reaching as high as 20.6° 
C (NOAA 2017).  However, after this warm spell, temperatures returned to levels 
more closely resembling historic daily averages for the month of February (observed: 
-3.5° C; historic: -1.1° C; Table 2). Temperatures collected in the field (Kestrel 3000 
weather meter) while observing active lekking behavior ranged from
-15.0° C on 5 March 2015, to 15.6° C on 7 May 2015 (mean: 3.5 ° C; Table 1). 

DISCUSSION

 The male GRPCs on Mormon Island began consistently lekking more than one 
month prior to the typical start of the lekking season in Nebraska and what has 
generally been published for the central Great Plains (Robb and Schroeder 2005; 
McNew et al. 2011; Johnsgard 2016; Figure 2). McNew et al. (2011) did not observe 
seasonal variation in lek attendance during their three-year study of three GRPC 

populations in Kansas, suggesting that the timing of lek attendance is relatively 
stable.  We recorded male GRPCs lekking across a span of 111 days beginning 30 
January 2015, 34 days longer than McNew et al. (2011) documented following a 2 
March start. However, Toeffer and Eng (1988) recorded radio tracked males 
beginning to return to the lekking grounds as early as 5 February (n = 1) and 10 
February (n = 2) in their study of GRPC movements within the Sheyenne National 
Grasslands in southeastern North Dakota. Additionally, experienced field biologists 
working with GRPCs in Kansas and Oklahoma have captured GRPCs on their 
lekking grounds throughout the winter months.  D. Wolfe (pers. comm., unpubl. 
data) indicated that from 1997-2000 during first capture events on lekking grounds 
they documented 19 individuals in February (one female, f); 43 in March (eight f), 
88 in April (45 f), 19 in November (three f), and 15 in December (five f).  Schroeder 
and Braun (1992) documented male lek attendance from late February to early 
June, with attendance being the most stable in March and April in their 6-year study 
of 80 leks across 301 square km of prairie in northeastern Colorado.
 
 McNew et al. (2011) found that 95% of all female lek visits were recorded within 
28 days between 20 March and 16 April. In 2015, per our observations, female 
GRPCs began consistently attending the lek on Mormon Island nine days ahead of 
this mark, from 11 March to 1 April (Figure 2). This time period likely coincided 
with mating activity prior to first clutch initiation (McNew et al. 2011; Robb and 
Schroeder 2005; Johnsgard 2016). However, female lek attendance in our study both 
predated and postdated those dates recorded by McNew et al. (2011), but are within 
the timeframe observed by D. Wolfe (pers. comm.) in Oklahoma. The female lek 
attendance dates we report herein also preceded and extended past those reported 
by Robel and Ballard (1974), which observed female GRPCs attending three separate 
leks from late March to early May on a 970 hectare prairie on the western edge of 
the Flint Hills in Kansas. Hamerstrom and Hamerstrom (1973) documented 
occasional female lek attendance beginning in late March and early April that came 
to a peak in the third to fourth week of April before dropping in the first week of 
May in their 22 year study in Wisconsin. We recorded female GRPCs attending the 
lek across a 64-day period, which is longer than most accounts of female lek 
attendance (Hamerstrom and Hamerstrom 1973; Robel and Ballard 1974; McNew 
et al. 2011). The late season female lek attendance we recorded from 22 April to 13 
May 2015 may have been prompted by significant nest failure following a controlled 
burn in the pasture immediately south of the lekking grounds (Figure 2). However, a 
second and smaller peak of female lek attendance is often documented a few weeks 
after the first as females which nested unsuccessfully return to the lekking grounds 
to remate (Hamerstrom and Hamerstrom 1973; Robb and Schroeder 2005). 

 Our documentation of consistent lek attendance for both sexes, as well as male 
display behavior, appear to be both early and extended in references to most 
published dates of GRPC activity. Research has documented periodic winter lek 
attendance and display behavior by GRPCs, however, these were often not “complete 
performances” including strutting, sparring, and booming (Hamerstrom 1939; 
Mohler 1952; Horak and Applegate 1998). Hamerstrom (1939) documented early 
lekking behavior during February thaws in Wisconsin in which GRPCs were 

physically acting out displays without vocalizing and first detected complete displays 
beginning between 2 March and 21 March during his three-year study from 1936 to 
1938 in Wisconsin. However, Schwartz (1945) documented periodic GRPC booming 
and strutting in Missouri during February of 1941 and 1942 that was interrupted by 
“periods of severe cold.” Schwartz (1945) also documented “regular” use of booming 
grounds in 1943 starting on 5 February, which represents one of the earliest records 
of consistent GRPC lekking behavior documented in the central Great Plains. We 
noted booming, strutting, and sparring consistently during our observations 
beginning on 30 January 2015. We documented six male GRPCs booming even 
under inclement cold weather conditions with temperatures as low as -14° C and 
winds reaching 24.1 kph on 18 February 2015. Our observations differ from the 
majority of accounts of winter GRPC lekking activity, with the exception of that 
reported herewith by Wolfe (see above) and those recorded by Schwartz (1945) in 
1943, as they indicate both consistent as well as complete lekking display behavior 
despite returns to cold temperatures following warm winter weather.
 
 Male GRPC lekking behavior may be cued, in part, by sustained periods of 
warm late winter and early spring weather.  Though hormonal processes triggered 
by photoperiod predominantly regulate the seasonal timing of reproductive 
behavior in birds, temperature and other environmental cues (forage, etc.) have 
been found to aid in the fine scale determination of these annual cycles (Wingfield et 
al. 2003; Dawson 2008). It is possible that early and consistent lekking behavior 
occasionally occurs throughout the GRPC’s range following extended periods of 
mild winter weather, and has not been sufficiently documented in the scientific 
literature (D. Wolfe pers. comm.). Moreover, it is likely that different geographical 
populations, even at the same latitude, exhibit significant temporal variation 
regarding the initiation of lekking behavior with some populations being more 
prone to consistent early display behavior than others (Sharpe et al. 2001; Conklin et 
al. 2013). Stable lekking grounds, which are regularly used across years as opposed 
to intermittently or ephemerally utilized sites, may be more likely to support 
periodic or sustained winter lekking behavior. Stable lekking grounds have 
comparatively high male lek attendance and are more likely to support some level of 
GRPC activity in all months of the year aside from August and July (Schroeder and 
Braun 1992; Horak and Applegate 1998). Our study lek was documented yearly 
from 2012 to 2017 within the same 250 m2 area of Mormon Island. Additionally, we 
recorded a male lek attendance per survey in 2015 (mean = 10.8) characteristic of 
stable lekking grounds (Schroeder and Braun 1992). This study marks the earliest 
record of consistent GRPC lekking behavior within the central Great Plains 
documented in the scientific literature to our knowledge. Our observations also 
suggest that an early start to male display behavior may not simply represent a 
temporal advance of the lekking season but also an extension of its duration. Further 
research is needed to determine if winter GRPC lekking behavior is a widespread 
phenomenon during unseasonably warm winter weather. If our observations 
represent a common occurrence throughout the GRPC’s range, increased warming 
trends may alter the lekking phenology of GRPCs with unknown impacts (Bradley et 
al. 1999; Charmantier and Gienapp 2014).
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(1939) indicated that winter displays are often incomplete with limited vocalization 
and sparring, though active displaying has been observed in winter in Kansas and 
Oklahoma (E. A. Young and D. Wolfe pers. comm.).  There is a paucity of published 
data on display behavior beginning in the winter months (December to January) and 
persisting through the end of the normal breeding season (Hamerstrom 1939; 
Mohler 1952; Schwartz 1945; Baker 1953). Additionally, this observation was made in 
central Nebraska, in the center of the GRPC’s current latitudinal range where lekking 
usually begins later than in the GRPC’s southern range (Robb and Schroeder 2005; 
Johnsgard 2016). In a three-year study of GRPC breeding phenology in the Flint 
Hills of Kansas, McNew et al. (2011) found males attending leks from 2 March to 19 
May and females attending leks from 20 March to 16 April, with peak attendance of 
both sexes in early April. Robb and Schroeder (2005) reported that GRPC lekking 
activity is generally documented from early March to early June throughout their 
geographical range. However, Thompson et al. (2011) indicated up to 100 males 
gather on booming grounds in Kansas starting in February, and Young (pers. comm.) 
observed display behaviors in January-February in the southern Flint Hills region 
during the 1980’s and early 1990’s when populations were more robust. Our 
objective in monitoring this lek was to determine if early lekking behavior was a 
temporary phenomenon, or if this lekking behavior once initiated, would continue 
uninterrupted through the 2015 breeding season given the atypically mild winter 
temperatures recorded in January (NOAA 2017 ). 

STUDY AREA

 Mormon Island (40.797163° N, -98.417318° W; Figure 1) consists of 1100 
hectares of primarily relict lowland tallgrass prairie and wet meadow habitat 
containing scattered upland sandy ridges and riparian, cottonwood (Populus deltoides) 
dominated, woodlands bordered to both the north and south by channels of the 
Platte River (Currier 1982, 1989, Nagel and Kolstad 1987). Just to its west, 
Shoemaker Island consists of 850 hectares of upland tallgrass prairie, woodlands, and 
interspersed wet meadows and sloughs. The adjacent Mormon and Shoemaker 
islands are owned and managed by the Crane Trust, a small private non-profit 
conservation organization aimed at preserving habitat for Whooping Cranes (Grus 
americana) and other migratory birds along the Big Bend of the Platte River 
(VanDerwalker 1981). The landscape has been managed with rotational cattle grazing 
(rested every 3-4 yrs) and prescribed fire (burned every 4-5 yrs) to mimic historic 
disturbance regimes, maintain a variety of habitats in different successional stages, 
and promote native and endemic biodiversity (Currier 1982; Briggs et al. 2005; 
Fuhlendorf et al. 2009).  This area constitutes the largest contiguous expanse of 
riverine prairie remaining along the Big Bend of the Platte River, providing habitat 
for an isolated breeding population of GRPCs approximately 40 km from the nearest 
consistent booming grounds in northwest Hall County (Lingle et al. 1994; Svedarsky 
et al. 2000; Sharpe et al. 2001; Johnsgard 2016). 

 The study lek on Mormon Island was located approximately 60 m from a 
cattle-drinker in short, heavily grazed, upland vegetation on a sandy ridge rising 1 m 
to 1.25 m in elevation above the lowland tallgrass prairie to the south and about 1.5 m 

SUSTAINED EARLY INTERIOR GREATER PRAIRIE-CHICKEN 
(Tympanuchus cupido pinnatus) LEKKING BEHAVIOR AT LEK 

IN CENTRAL NEBRASKA
¹Andrew J. Caven, ¹Kelsey C. King, ²Emma M. Brinley Buckley, ³Greg D. Wright, 

¹Nicole Arcilla, and 4Ross P. McLean

1Platte River Whooping Crane Maintenance Trust, Wood River, NE 68883; 2Dept. of 
Communications, Univ. of Nebraska-Kearney, Kearney, NE 68849; 3US Forest Service Bessey 
Ranger District, Nebraska National Forest, Halsey, NE 69142; 4Dept. of Natural Resources, 

Univ. of Wisconsin-Stevens Point, Stevens Point, WI 54481.

ABSTRACT
 We detected 9 adult male Greater Prairie-Chickens (Tympanuchus cupido pinnatus) 
actively lekking on 30 January of 2015 and monitored the lek once per week to 
determine if lekking behavior would continue uninterrupted through the typical 
lekking season from early March through late May. We documented lekking 
behavior, male and female lek attendance, habitat information, and weather data 
from 30 January to 20 May 2015 (21 observations). Male lekking behavior was 
documented during every observation throughout the study period except for the 
final observation on 20 May. Additionally, female Greater Prairie-Chickens were 
documented attending the lek as early as 11 March. We provide evidence of an early 
and extended lekking season in Nebraska.

INTRODUCTION

 During the week of 19 January through 23 January 2015, biologists conducting 
land management work flushed three Greater Prairie-Chickens (Tympanuchus cupido 
pinnatus; GRPC) from the center of Mormon Island, Hall County, Nebraska (Figure 
1). Following the early detection of multiple GRPCs in an appropriate lekking 
location, we began monitoring the area on a weekly basis for potential lekking 
activity. On 30 January 2015, we detected nine male GRPCs vocalizing (booming), 
conducting breeding displays (strutting), and sparring with each other at a known 
lek site. GRPCs are known to gather intermittently at lek sites during the wintering 
months and periodic displays have been documented during mild winter weather 
throughout their range (Hamerstrom 1939; Schwartz 1945; Mohler 1952; Baker 
1953; Horak 1985; Horak and Applegate 1998; Thompson et al. 2011). Hamerstrom 
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above the wet meadow north of the ridge. Vegetation on the lekking site was grazed 
the previous fall to less than 3 cm in height, leaving ample open ground. The lek was 
centered about 55 m west of a north-south oriented fence and 45 m north of an 
east-west positioned fence inside a 120 hectare pasture. This pasture had not been 
burned for three years as of 2015, but grazing had been intensive on the higher 
ridges in this pasture into the fall of 2014.  This was especially true regarding the 

eventual lekking area, as the cattle-drinker was nearby, and the upland ridge was 
dominated by vegetation species preferred by cattle including western wheatgrass 
(Pascopyrum smithii), big bluestem (Andropogon gerardii), and little bluestem 
(Schizachyrium scoparium) (Stubbendieck et al. 1992). Crane Trust biology staff found 
GRPCs in the same location in the spring of 2014; however, in 2012, 2013, and 2016 
the lek was not detected in this location, but 250 m to the northeast on a 
cattle-grazed sandy ridge in an adjacent pasture. On 22 April 2015, we conducted a 
controlled burn in the 125 hectare pasture directly south of the pasture containing 

our study lek. On 30 April 2015, GRPCs were detected displaying at the actively 
monitored lek site as well as the newly burned area centered roughly 100 m south. 
The following week on 7 May, continuing through 20 May 2015, we observed the 
GRPCs predominantly gathering and lekking on the recently burned area. 
Year-round long term avian monitoring surveys conducted across Mormon and 
Shoemaker Islands indicate the general area described above, containing three 
separate lekking locations within 250 m, represents the only known lekking grounds 
on the Crane Trust’s property (Crane Trust unpubl. data). Lingle and Hay (1982) 
recorded wintering GRPCs during their two year (1980-1981) avian inventory of 
Mormon Island, but they did not detect GRPCs breeding in the area, suggesting that 
lekking and breeding activity may be a relatively recent phenomenon.

METHODS

 Observations began 30 January and continued until 20 May 2015. Prior to the 
initiation of our observational period, we erected a camouflaged pop-up blind 
adjacent to the fence 55 m east of the GRPC lek and observed the lek approximately 
once a week (mean = every 5.8 days; range = 2 to 10; SD = 3.1), for a minimum 
time period of one hour (mean = 1 hr 29 min; range = 1 hr to 2 hrs 5 min; SD = 28 
min), starting just before sunrise utilizing an 80 mm spotting scope. Observation 
starting times ranged from roughly 0615 hrs to 0730 hrs gradually becoming earlier 
advancing into the spring following the change in sunrise timing. Observation days 
were determined by staff availability and weather conditions were not a major factor 
in determining site visit days. One to two field personnel made a total of 21 
observations including 19 morning and two late afternoon observations. We 
employed a scan sampling method where we made passes of the lekking area and 
recorded the number of GRPCs present, their sex, and their general behavior at the 
time of our scan, including display, foraging, or loafing behavior (Altmann 1974). 
Lek attendance was determined by the maximum count of each sex recorded during 
any single scan per observation day. Display behavior based on Robb and Schroeder 
(2005) and Johnsgard (2016) were recorded. We also recorded narrative descriptions 
of the habitat conditions each week including plant regrowth as well as recent land 
management actions (controlled burning, etc.). We logged the temperature and wind 
speed at time of observation utilizing a Kestrel 3000 weather meter. Additionally, we 
summarized weather data from the nearest National Oceanic and Atmospheric 
Administration (NOAA) weather station (KHSI, 40.60056° N, -98.42583° W) located 
at the Hastings Municipal Airport, Hastings, Nebraska, approximately 21 km south 
of our research site to gauge how the winter weather in 2015 compared to historic 
averages (NOAA 2017). 

RESULTS

 We recorded a full range of male display behavior (e.g., booming, strutting, and 
sparring) during every observation from 30 January through 13 May 2015. During 
the final scheduled observation on 20 May 2015 seven male GRPCs were gathered at 
the lekking site loafing together but no lekking display behavior was documented. 

We detected the first female GRPC on 11 March 2015, and females were 
documented attending the lek during five consecutive observations through 01 April 
2015 (Figure 2). We did not detect females again until we documented them on four 
of seven observations between 22 April and 13 May 2015. During the final lek 
observation of this study on 20 May 2015, no female GRPCs were detected. We 
recorded an average of 10.8 males per survey (SD = 2.2; range = 6-14) and 0.5 
females per survey (SD = 0.7; range = 0-2; Table 1, Figure 2.). We documented the 
first signs of new green vegetation growth at the lek site on 22 March 2015 (Figure 
2).

 From 16 January through 30 January 2015, daily highs were approximately 10° 
C above average, daily average temperatures were 7.7° C above average, and daily 
lows were 5° C above average (Table 2), with temperatures reaching as high as 20.6° 
C (NOAA 2017).  However, after this warm spell, temperatures returned to levels 
more closely resembling historic daily averages for the month of February (observed: 
-3.5° C; historic: -1.1° C; Table 2). Temperatures collected in the field (Kestrel 3000 
weather meter) while observing active lekking behavior ranged from
-15.0° C on 5 March 2015, to 15.6° C on 7 May 2015 (mean: 3.5 ° C; Table 1). 

DISCUSSION

 The male GRPCs on Mormon Island began consistently lekking more than one 
month prior to the typical start of the lekking season in Nebraska and what has 
generally been published for the central Great Plains (Robb and Schroeder 2005; 
McNew et al. 2011; Johnsgard 2016; Figure 2). McNew et al. (2011) did not observe 
seasonal variation in lek attendance during their three-year study of three GRPC 

Figure 1. Map of Mormon Island, Hall County, Nebraska, including a depiction of 
Mormon Island’s location within Nebraska and Nebraska’s location within the United 
States. Aerial imagery clearly depicts the prairie habitat of Mormon Island within a 
largely agricultural landscape.

populations in Kansas, suggesting that the timing of lek attendance is relatively 
stable.  We recorded male GRPCs lekking across a span of 111 days beginning 30 
January 2015, 34 days longer than McNew et al. (2011) documented following a 2 
March start. However, Toeffer and Eng (1988) recorded radio tracked males 
beginning to return to the lekking grounds as early as 5 February (n = 1) and 10 
February (n = 2) in their study of GRPC movements within the Sheyenne National 
Grasslands in southeastern North Dakota. Additionally, experienced field biologists 
working with GRPCs in Kansas and Oklahoma have captured GRPCs on their 
lekking grounds throughout the winter months.  D. Wolfe (pers. comm., unpubl. 
data) indicated that from 1997-2000 during first capture events on lekking grounds 
they documented 19 individuals in February (one female, f); 43 in March (eight f), 
88 in April (45 f), 19 in November (three f), and 15 in December (five f).  Schroeder 
and Braun (1992) documented male lek attendance from late February to early 
June, with attendance being the most stable in March and April in their 6-year study 
of 80 leks across 301 square km of prairie in northeastern Colorado.
 
 McNew et al. (2011) found that 95% of all female lek visits were recorded within 
28 days between 20 March and 16 April. In 2015, per our observations, female 
GRPCs began consistently attending the lek on Mormon Island nine days ahead of 
this mark, from 11 March to 1 April (Figure 2). This time period likely coincided 
with mating activity prior to first clutch initiation (McNew et al. 2011; Robb and 
Schroeder 2005; Johnsgard 2016). However, female lek attendance in our study both 
predated and postdated those dates recorded by McNew et al. (2011), but are within 
the timeframe observed by D. Wolfe (pers. comm.) in Oklahoma. The female lek 
attendance dates we report herein also preceded and extended past those reported 
by Robel and Ballard (1974), which observed female GRPCs attending three separate 
leks from late March to early May on a 970 hectare prairie on the western edge of 
the Flint Hills in Kansas. Hamerstrom and Hamerstrom (1973) documented 
occasional female lek attendance beginning in late March and early April that came 
to a peak in the third to fourth week of April before dropping in the first week of 
May in their 22 year study in Wisconsin. We recorded female GRPCs attending the 
lek across a 64-day period, which is longer than most accounts of female lek 
attendance (Hamerstrom and Hamerstrom 1973; Robel and Ballard 1974; McNew 
et al. 2011). The late season female lek attendance we recorded from 22 April to 13 
May 2015 may have been prompted by significant nest failure following a controlled 
burn in the pasture immediately south of the lekking grounds (Figure 2). However, a 
second and smaller peak of female lek attendance is often documented a few weeks 
after the first as females which nested unsuccessfully return to the lekking grounds 
to remate (Hamerstrom and Hamerstrom 1973; Robb and Schroeder 2005). 

 Our documentation of consistent lek attendance for both sexes, as well as male 
display behavior, appear to be both early and extended in references to most 
published dates of GRPC activity. Research has documented periodic winter lek 
attendance and display behavior by GRPCs, however, these were often not “complete 
performances” including strutting, sparring, and booming (Hamerstrom 1939; 
Mohler 1952; Horak and Applegate 1998). Hamerstrom (1939) documented early 
lekking behavior during February thaws in Wisconsin in which GRPCs were 

physically acting out displays without vocalizing and first detected complete displays 
beginning between 2 March and 21 March during his three-year study from 1936 to 
1938 in Wisconsin. However, Schwartz (1945) documented periodic GRPC booming 
and strutting in Missouri during February of 1941 and 1942 that was interrupted by 
“periods of severe cold.” Schwartz (1945) also documented “regular” use of booming 
grounds in 1943 starting on 5 February, which represents one of the earliest records 
of consistent GRPC lekking behavior documented in the central Great Plains. We 
noted booming, strutting, and sparring consistently during our observations 
beginning on 30 January 2015. We documented six male GRPCs booming even 
under inclement cold weather conditions with temperatures as low as -14° C and 
winds reaching 24.1 kph on 18 February 2015. Our observations differ from the 
majority of accounts of winter GRPC lekking activity, with the exception of that 
reported herewith by Wolfe (see above) and those recorded by Schwartz (1945) in 
1943, as they indicate both consistent as well as complete lekking display behavior 
despite returns to cold temperatures following warm winter weather.
 
 Male GRPC lekking behavior may be cued, in part, by sustained periods of 
warm late winter and early spring weather.  Though hormonal processes triggered 
by photoperiod predominantly regulate the seasonal timing of reproductive 
behavior in birds, temperature and other environmental cues (forage, etc.) have 
been found to aid in the fine scale determination of these annual cycles (Wingfield et 
al. 2003; Dawson 2008). It is possible that early and consistent lekking behavior 
occasionally occurs throughout the GRPC’s range following extended periods of 
mild winter weather, and has not been sufficiently documented in the scientific 
literature (D. Wolfe pers. comm.). Moreover, it is likely that different geographical 
populations, even at the same latitude, exhibit significant temporal variation 
regarding the initiation of lekking behavior with some populations being more 
prone to consistent early display behavior than others (Sharpe et al. 2001; Conklin et 
al. 2013). Stable lekking grounds, which are regularly used across years as opposed 
to intermittently or ephemerally utilized sites, may be more likely to support 
periodic or sustained winter lekking behavior. Stable lekking grounds have 
comparatively high male lek attendance and are more likely to support some level of 
GRPC activity in all months of the year aside from August and July (Schroeder and 
Braun 1992; Horak and Applegate 1998). Our study lek was documented yearly 
from 2012 to 2017 within the same 250 m2 area of Mormon Island. Additionally, we 
recorded a male lek attendance per survey in 2015 (mean = 10.8) characteristic of 
stable lekking grounds (Schroeder and Braun 1992). This study marks the earliest 
record of consistent GRPC lekking behavior within the central Great Plains 
documented in the scientific literature to our knowledge. Our observations also 
suggest that an early start to male display behavior may not simply represent a 
temporal advance of the lekking season but also an extension of its duration. Further 
research is needed to determine if winter GRPC lekking behavior is a widespread 
phenomenon during unseasonably warm winter weather. If our observations 
represent a common occurrence throughout the GRPC’s range, increased warming 
trends may alter the lekking phenology of GRPCs with unknown impacts (Bradley et 
al. 1999; Charmantier and Gienapp 2014).
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(1939) indicated that winter displays are often incomplete with limited vocalization 
and sparring, though active displaying has been observed in winter in Kansas and 
Oklahoma (E. A. Young and D. Wolfe pers. comm.).  There is a paucity of published 
data on display behavior beginning in the winter months (December to January) and 
persisting through the end of the normal breeding season (Hamerstrom 1939; 
Mohler 1952; Schwartz 1945; Baker 1953). Additionally, this observation was made in 
central Nebraska, in the center of the GRPC’s current latitudinal range where lekking 
usually begins later than in the GRPC’s southern range (Robb and Schroeder 2005; 
Johnsgard 2016). In a three-year study of GRPC breeding phenology in the Flint 
Hills of Kansas, McNew et al. (2011) found males attending leks from 2 March to 19 
May and females attending leks from 20 March to 16 April, with peak attendance of 
both sexes in early April. Robb and Schroeder (2005) reported that GRPC lekking 
activity is generally documented from early March to early June throughout their 
geographical range. However, Thompson et al. (2011) indicated up to 100 males 
gather on booming grounds in Kansas starting in February, and Young (pers. comm.) 
observed display behaviors in January-February in the southern Flint Hills region 
during the 1980’s and early 1990’s when populations were more robust. Our 
objective in monitoring this lek was to determine if early lekking behavior was a 
temporary phenomenon, or if this lekking behavior once initiated, would continue 
uninterrupted through the 2015 breeding season given the atypically mild winter 
temperatures recorded in January (NOAA 2017 ). 

STUDY AREA

 Mormon Island (40.797163° N, -98.417318° W; Figure 1) consists of 1100 
hectares of primarily relict lowland tallgrass prairie and wet meadow habitat 
containing scattered upland sandy ridges and riparian, cottonwood (Populus deltoides) 
dominated, woodlands bordered to both the north and south by channels of the 
Platte River (Currier 1982, 1989, Nagel and Kolstad 1987). Just to its west, 
Shoemaker Island consists of 850 hectares of upland tallgrass prairie, woodlands, and 
interspersed wet meadows and sloughs. The adjacent Mormon and Shoemaker 
islands are owned and managed by the Crane Trust, a small private non-profit 
conservation organization aimed at preserving habitat for Whooping Cranes (Grus 
americana) and other migratory birds along the Big Bend of the Platte River 
(VanDerwalker 1981). The landscape has been managed with rotational cattle grazing 
(rested every 3-4 yrs) and prescribed fire (burned every 4-5 yrs) to mimic historic 
disturbance regimes, maintain a variety of habitats in different successional stages, 
and promote native and endemic biodiversity (Currier 1982; Briggs et al. 2005; 
Fuhlendorf et al. 2009).  This area constitutes the largest contiguous expanse of 
riverine prairie remaining along the Big Bend of the Platte River, providing habitat 
for an isolated breeding population of GRPCs approximately 40 km from the nearest 
consistent booming grounds in northwest Hall County (Lingle et al. 1994; Svedarsky 
et al. 2000; Sharpe et al. 2001; Johnsgard 2016). 

 The study lek on Mormon Island was located approximately 60 m from a 
cattle-drinker in short, heavily grazed, upland vegetation on a sandy ridge rising 1 m 
to 1.25 m in elevation above the lowland tallgrass prairie to the south and about 1.5 m 
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ABSTRACT
 We detected 9 adult male Greater Prairie-Chickens (Tympanuchus cupido pinnatus) 
actively lekking on 30 January of 2015 and monitored the lek once per week to 
determine if lekking behavior would continue uninterrupted through the typical 
lekking season from early March through late May. We documented lekking 
behavior, male and female lek attendance, habitat information, and weather data 
from 30 January to 20 May 2015 (21 observations). Male lekking behavior was 
documented during every observation throughout the study period except for the 
final observation on 20 May. Additionally, female Greater Prairie-Chickens were 
documented attending the lek as early as 11 March. We provide evidence of an early 
and extended lekking season in Nebraska.

INTRODUCTION

 During the week of 19 January through 23 January 2015, biologists conducting 
land management work flushed three Greater Prairie-Chickens (Tympanuchus cupido 
pinnatus; GRPC) from the center of Mormon Island, Hall County, Nebraska (Figure 
1). Following the early detection of multiple GRPCs in an appropriate lekking 
location, we began monitoring the area on a weekly basis for potential lekking 
activity. On 30 January 2015, we detected nine male GRPCs vocalizing (booming), 
conducting breeding displays (strutting), and sparring with each other at a known 
lek site. GRPCs are known to gather intermittently at lek sites during the wintering 
months and periodic displays have been documented during mild winter weather 
throughout their range (Hamerstrom 1939; Schwartz 1945; Mohler 1952; Baker 
1953; Horak 1985; Horak and Applegate 1998; Thompson et al. 2011). Hamerstrom 
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above the wet meadow north of the ridge. Vegetation on the lekking site was grazed 
the previous fall to less than 3 cm in height, leaving ample open ground. The lek was 
centered about 55 m west of a north-south oriented fence and 45 m north of an 
east-west positioned fence inside a 120 hectare pasture. This pasture had not been 
burned for three years as of 2015, but grazing had been intensive on the higher 
ridges in this pasture into the fall of 2014.  This was especially true regarding the 

eventual lekking area, as the cattle-drinker was nearby, and the upland ridge was 
dominated by vegetation species preferred by cattle including western wheatgrass 
(Pascopyrum smithii), big bluestem (Andropogon gerardii), and little bluestem 
(Schizachyrium scoparium) (Stubbendieck et al. 1992). Crane Trust biology staff found 
GRPCs in the same location in the spring of 2014; however, in 2012, 2013, and 2016 
the lek was not detected in this location, but 250 m to the northeast on a 
cattle-grazed sandy ridge in an adjacent pasture. On 22 April 2015, we conducted a 
controlled burn in the 125 hectare pasture directly south of the pasture containing 

our study lek. On 30 April 2015, GRPCs were detected displaying at the actively 
monitored lek site as well as the newly burned area centered roughly 100 m south. 
The following week on 7 May, continuing through 20 May 2015, we observed the 
GRPCs predominantly gathering and lekking on the recently burned area. 
Year-round long term avian monitoring surveys conducted across Mormon and 
Shoemaker Islands indicate the general area described above, containing three 
separate lekking locations within 250 m, represents the only known lekking grounds 
on the Crane Trust’s property (Crane Trust unpubl. data). Lingle and Hay (1982) 
recorded wintering GRPCs during their two year (1980-1981) avian inventory of 
Mormon Island, but they did not detect GRPCs breeding in the area, suggesting that 
lekking and breeding activity may be a relatively recent phenomenon.

METHODS

 Observations began 30 January and continued until 20 May 2015. Prior to the 
initiation of our observational period, we erected a camouflaged pop-up blind 
adjacent to the fence 55 m east of the GRPC lek and observed the lek approximately 
once a week (mean = every 5.8 days; range = 2 to 10; SD = 3.1), for a minimum 
time period of one hour (mean = 1 hr 29 min; range = 1 hr to 2 hrs 5 min; SD = 28 
min), starting just before sunrise utilizing an 80 mm spotting scope. Observation 
starting times ranged from roughly 0615 hrs to 0730 hrs gradually becoming earlier 
advancing into the spring following the change in sunrise timing. Observation days 
were determined by staff availability and weather conditions were not a major factor 
in determining site visit days. One to two field personnel made a total of 21 
observations including 19 morning and two late afternoon observations. We 
employed a scan sampling method where we made passes of the lekking area and 
recorded the number of GRPCs present, their sex, and their general behavior at the 
time of our scan, including display, foraging, or loafing behavior (Altmann 1974). 
Lek attendance was determined by the maximum count of each sex recorded during 
any single scan per observation day. Display behavior based on Robb and Schroeder 
(2005) and Johnsgard (2016) were recorded. We also recorded narrative descriptions 
of the habitat conditions each week including plant regrowth as well as recent land 
management actions (controlled burning, etc.). We logged the temperature and wind 
speed at time of observation utilizing a Kestrel 3000 weather meter. Additionally, we 
summarized weather data from the nearest National Oceanic and Atmospheric 
Administration (NOAA) weather station (KHSI, 40.60056° N, -98.42583° W) located 
at the Hastings Municipal Airport, Hastings, Nebraska, approximately 21 km south 
of our research site to gauge how the winter weather in 2015 compared to historic 
averages (NOAA 2017). 

RESULTS

 We recorded a full range of male display behavior (e.g., booming, strutting, and 
sparring) during every observation from 30 January through 13 May 2015. During 
the final scheduled observation on 20 May 2015 seven male GRPCs were gathered at 
the lekking site loafing together but no lekking display behavior was documented. 

We detected the first female GRPC on 11 March 2015, and females were 
documented attending the lek during five consecutive observations through 01 April 
2015 (Figure 2). We did not detect females again until we documented them on four 
of seven observations between 22 April and 13 May 2015. During the final lek 
observation of this study on 20 May 2015, no female GRPCs were detected. We 
recorded an average of 10.8 males per survey (SD = 2.2; range = 6-14) and 0.5 
females per survey (SD = 0.7; range = 0-2; Table 1, Figure 2.). We documented the 
first signs of new green vegetation growth at the lek site on 22 March 2015 (Figure 
2).

 From 16 January through 30 January 2015, daily highs were approximately 10° 
C above average, daily average temperatures were 7.7° C above average, and daily 
lows were 5° C above average (Table 2), with temperatures reaching as high as 20.6° 
C (NOAA 2017).  However, after this warm spell, temperatures returned to levels 
more closely resembling historic daily averages for the month of February (observed: 
-3.5° C; historic: -1.1° C; Table 2). Temperatures collected in the field (Kestrel 3000 
weather meter) while observing active lekking behavior ranged from
-15.0° C on 5 March 2015, to 15.6° C on 7 May 2015 (mean: 3.5 ° C; Table 1). 

DISCUSSION

 The male GRPCs on Mormon Island began consistently lekking more than one 
month prior to the typical start of the lekking season in Nebraska and what has 
generally been published for the central Great Plains (Robb and Schroeder 2005; 
McNew et al. 2011; Johnsgard 2016; Figure 2). McNew et al. (2011) did not observe 
seasonal variation in lek attendance during their three-year study of three GRPC 

populations in Kansas, suggesting that the timing of lek attendance is relatively 
stable.  We recorded male GRPCs lekking across a span of 111 days beginning 30 
January 2015, 34 days longer than McNew et al. (2011) documented following a 2 
March start. However, Toeffer and Eng (1988) recorded radio tracked males 
beginning to return to the lekking grounds as early as 5 February (n = 1) and 10 
February (n = 2) in their study of GRPC movements within the Sheyenne National 
Grasslands in southeastern North Dakota. Additionally, experienced field biologists 
working with GRPCs in Kansas and Oklahoma have captured GRPCs on their 
lekking grounds throughout the winter months.  D. Wolfe (pers. comm., unpubl. 
data) indicated that from 1997-2000 during first capture events on lekking grounds 
they documented 19 individuals in February (one female, f); 43 in March (eight f), 
88 in April (45 f), 19 in November (three f), and 15 in December (five f).  Schroeder 
and Braun (1992) documented male lek attendance from late February to early 
June, with attendance being the most stable in March and April in their 6-year study 
of 80 leks across 301 square km of prairie in northeastern Colorado.
 
 McNew et al. (2011) found that 95% of all female lek visits were recorded within 
28 days between 20 March and 16 April. In 2015, per our observations, female 
GRPCs began consistently attending the lek on Mormon Island nine days ahead of 
this mark, from 11 March to 1 April (Figure 2). This time period likely coincided 
with mating activity prior to first clutch initiation (McNew et al. 2011; Robb and 
Schroeder 2005; Johnsgard 2016). However, female lek attendance in our study both 
predated and postdated those dates recorded by McNew et al. (2011), but are within 
the timeframe observed by D. Wolfe (pers. comm.) in Oklahoma. The female lek 
attendance dates we report herein also preceded and extended past those reported 
by Robel and Ballard (1974), which observed female GRPCs attending three separate 
leks from late March to early May on a 970 hectare prairie on the western edge of 
the Flint Hills in Kansas. Hamerstrom and Hamerstrom (1973) documented 
occasional female lek attendance beginning in late March and early April that came 
to a peak in the third to fourth week of April before dropping in the first week of 
May in their 22 year study in Wisconsin. We recorded female GRPCs attending the 
lek across a 64-day period, which is longer than most accounts of female lek 
attendance (Hamerstrom and Hamerstrom 1973; Robel and Ballard 1974; McNew 
et al. 2011). The late season female lek attendance we recorded from 22 April to 13 
May 2015 may have been prompted by significant nest failure following a controlled 
burn in the pasture immediately south of the lekking grounds (Figure 2). However, a 
second and smaller peak of female lek attendance is often documented a few weeks 
after the first as females which nested unsuccessfully return to the lekking grounds 
to remate (Hamerstrom and Hamerstrom 1973; Robb and Schroeder 2005). 

 Our documentation of consistent lek attendance for both sexes, as well as male 
display behavior, appear to be both early and extended in references to most 
published dates of GRPC activity. Research has documented periodic winter lek 
attendance and display behavior by GRPCs, however, these were often not “complete 
performances” including strutting, sparring, and booming (Hamerstrom 1939; 
Mohler 1952; Horak and Applegate 1998). Hamerstrom (1939) documented early 
lekking behavior during February thaws in Wisconsin in which GRPCs were 

physically acting out displays without vocalizing and first detected complete displays 
beginning between 2 March and 21 March during his three-year study from 1936 to 
1938 in Wisconsin. However, Schwartz (1945) documented periodic GRPC booming 
and strutting in Missouri during February of 1941 and 1942 that was interrupted by 
“periods of severe cold.” Schwartz (1945) also documented “regular” use of booming 
grounds in 1943 starting on 5 February, which represents one of the earliest records 
of consistent GRPC lekking behavior documented in the central Great Plains. We 
noted booming, strutting, and sparring consistently during our observations 
beginning on 30 January 2015. We documented six male GRPCs booming even 
under inclement cold weather conditions with temperatures as low as -14° C and 
winds reaching 24.1 kph on 18 February 2015. Our observations differ from the 
majority of accounts of winter GRPC lekking activity, with the exception of that 
reported herewith by Wolfe (see above) and those recorded by Schwartz (1945) in 
1943, as they indicate both consistent as well as complete lekking display behavior 
despite returns to cold temperatures following warm winter weather.
 
 Male GRPC lekking behavior may be cued, in part, by sustained periods of 
warm late winter and early spring weather.  Though hormonal processes triggered 
by photoperiod predominantly regulate the seasonal timing of reproductive 
behavior in birds, temperature and other environmental cues (forage, etc.) have 
been found to aid in the fine scale determination of these annual cycles (Wingfield et 
al. 2003; Dawson 2008). It is possible that early and consistent lekking behavior 
occasionally occurs throughout the GRPC’s range following extended periods of 
mild winter weather, and has not been sufficiently documented in the scientific 
literature (D. Wolfe pers. comm.). Moreover, it is likely that different geographical 
populations, even at the same latitude, exhibit significant temporal variation 
regarding the initiation of lekking behavior with some populations being more 
prone to consistent early display behavior than others (Sharpe et al. 2001; Conklin et 
al. 2013). Stable lekking grounds, which are regularly used across years as opposed 
to intermittently or ephemerally utilized sites, may be more likely to support 
periodic or sustained winter lekking behavior. Stable lekking grounds have 
comparatively high male lek attendance and are more likely to support some level of 
GRPC activity in all months of the year aside from August and July (Schroeder and 
Braun 1992; Horak and Applegate 1998). Our study lek was documented yearly 
from 2012 to 2017 within the same 250 m2 area of Mormon Island. Additionally, we 
recorded a male lek attendance per survey in 2015 (mean = 10.8) characteristic of 
stable lekking grounds (Schroeder and Braun 1992). This study marks the earliest 
record of consistent GRPC lekking behavior within the central Great Plains 
documented in the scientific literature to our knowledge. Our observations also 
suggest that an early start to male display behavior may not simply represent a 
temporal advance of the lekking season but also an extension of its duration. Further 
research is needed to determine if winter GRPC lekking behavior is a widespread 
phenomenon during unseasonably warm winter weather. If our observations 
represent a common occurrence throughout the GRPC’s range, increased warming 
trends may alter the lekking phenology of GRPCs with unknown impacts (Bradley et 
al. 1999; Charmantier and Gienapp 2014).
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(1939) indicated that winter displays are often incomplete with limited vocalization 
and sparring, though active displaying has been observed in winter in Kansas and 
Oklahoma (E. A. Young and D. Wolfe pers. comm.).  There is a paucity of published 
data on display behavior beginning in the winter months (December to January) and 
persisting through the end of the normal breeding season (Hamerstrom 1939; 
Mohler 1952; Schwartz 1945; Baker 1953). Additionally, this observation was made in 
central Nebraska, in the center of the GRPC’s current latitudinal range where lekking 
usually begins later than in the GRPC’s southern range (Robb and Schroeder 2005; 
Johnsgard 2016). In a three-year study of GRPC breeding phenology in the Flint 
Hills of Kansas, McNew et al. (2011) found males attending leks from 2 March to 19 
May and females attending leks from 20 March to 16 April, with peak attendance of 
both sexes in early April. Robb and Schroeder (2005) reported that GRPC lekking 
activity is generally documented from early March to early June throughout their 
geographical range. However, Thompson et al. (2011) indicated up to 100 males 
gather on booming grounds in Kansas starting in February, and Young (pers. comm.) 
observed display behaviors in January-February in the southern Flint Hills region 
during the 1980’s and early 1990’s when populations were more robust. Our 
objective in monitoring this lek was to determine if early lekking behavior was a 
temporary phenomenon, or if this lekking behavior once initiated, would continue 
uninterrupted through the 2015 breeding season given the atypically mild winter 
temperatures recorded in January (NOAA 2017 ). 

STUDY AREA

 Mormon Island (40.797163° N, -98.417318° W; Figure 1) consists of 1100 
hectares of primarily relict lowland tallgrass prairie and wet meadow habitat 
containing scattered upland sandy ridges and riparian, cottonwood (Populus deltoides) 
dominated, woodlands bordered to both the north and south by channels of the 
Platte River (Currier 1982, 1989, Nagel and Kolstad 1987). Just to its west, 
Shoemaker Island consists of 850 hectares of upland tallgrass prairie, woodlands, and 
interspersed wet meadows and sloughs. The adjacent Mormon and Shoemaker 
islands are owned and managed by the Crane Trust, a small private non-profit 
conservation organization aimed at preserving habitat for Whooping Cranes (Grus 
americana) and other migratory birds along the Big Bend of the Platte River 
(VanDerwalker 1981). The landscape has been managed with rotational cattle grazing 
(rested every 3-4 yrs) and prescribed fire (burned every 4-5 yrs) to mimic historic 
disturbance regimes, maintain a variety of habitats in different successional stages, 
and promote native and endemic biodiversity (Currier 1982; Briggs et al. 2005; 
Fuhlendorf et al. 2009).  This area constitutes the largest contiguous expanse of 
riverine prairie remaining along the Big Bend of the Platte River, providing habitat 
for an isolated breeding population of GRPCs approximately 40 km from the nearest 
consistent booming grounds in northwest Hall County (Lingle et al. 1994; Svedarsky 
et al. 2000; Sharpe et al. 2001; Johnsgard 2016). 

 The study lek on Mormon Island was located approximately 60 m from a 
cattle-drinker in short, heavily grazed, upland vegetation on a sandy ridge rising 1 m 
to 1.25 m in elevation above the lowland tallgrass prairie to the south and about 1.5 m 
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ABSTRACT
 We detected 9 adult male Greater Prairie-Chickens (Tympanuchus cupido pinnatus) 
actively lekking on 30 January of 2015 and monitored the lek once per week to 
determine if lekking behavior would continue uninterrupted through the typical 
lekking season from early March through late May. We documented lekking 
behavior, male and female lek attendance, habitat information, and weather data 
from 30 January to 20 May 2015 (21 observations). Male lekking behavior was 
documented during every observation throughout the study period except for the 
final observation on 20 May. Additionally, female Greater Prairie-Chickens were 
documented attending the lek as early as 11 March. We provide evidence of an early 
and extended lekking season in Nebraska.

INTRODUCTION

 During the week of 19 January through 23 January 2015, biologists conducting 
land management work flushed three Greater Prairie-Chickens (Tympanuchus cupido 
pinnatus; GRPC) from the center of Mormon Island, Hall County, Nebraska (Figure 
1). Following the early detection of multiple GRPCs in an appropriate lekking 
location, we began monitoring the area on a weekly basis for potential lekking 
activity. On 30 January 2015, we detected nine male GRPCs vocalizing (booming), 
conducting breeding displays (strutting), and sparring with each other at a known 
lek site. GRPCs are known to gather intermittently at lek sites during the wintering 
months and periodic displays have been documented during mild winter weather 
throughout their range (Hamerstrom 1939; Schwartz 1945; Mohler 1952; Baker 
1953; Horak 1985; Horak and Applegate 1998; Thompson et al. 2011). Hamerstrom 

above the wet meadow north of the ridge. Vegetation on the lekking site was grazed 
the previous fall to less than 3 cm in height, leaving ample open ground. The lek was 
centered about 55 m west of a north-south oriented fence and 45 m north of an 
east-west positioned fence inside a 120 hectare pasture. This pasture had not been 
burned for three years as of 2015, but grazing had been intensive on the higher 
ridges in this pasture into the fall of 2014.  This was especially true regarding the 
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eventual lekking area, as the cattle-drinker was nearby, and the upland ridge was 
dominated by vegetation species preferred by cattle including western wheatgrass 
(Pascopyrum smithii), big bluestem (Andropogon gerardii), and little bluestem 
(Schizachyrium scoparium) (Stubbendieck et al. 1992). Crane Trust biology staff found 
GRPCs in the same location in the spring of 2014; however, in 2012, 2013, and 2016 
the lek was not detected in this location, but 250 m to the northeast on a 
cattle-grazed sandy ridge in an adjacent pasture. On 22 April 2015, we conducted a 
controlled burn in the 125 hectare pasture directly south of the pasture containing 

our study lek. On 30 April 2015, GRPCs were detected displaying at the actively 
monitored lek site as well as the newly burned area centered roughly 100 m south. 
The following week on 7 May, continuing through 20 May 2015, we observed the 
GRPCs predominantly gathering and lekking on the recently burned area. 
Year-round long term avian monitoring surveys conducted across Mormon and 
Shoemaker Islands indicate the general area described above, containing three 
separate lekking locations within 250 m, represents the only known lekking grounds 
on the Crane Trust’s property (Crane Trust unpubl. data). Lingle and Hay (1982) 
recorded wintering GRPCs during their two year (1980-1981) avian inventory of 
Mormon Island, but they did not detect GRPCs breeding in the area, suggesting that 
lekking and breeding activity may be a relatively recent phenomenon.

METHODS

 Observations began 30 January and continued until 20 May 2015. Prior to the 
initiation of our observational period, we erected a camouflaged pop-up blind 
adjacent to the fence 55 m east of the GRPC lek and observed the lek approximately 
once a week (mean = every 5.8 days; range = 2 to 10; SD = 3.1), for a minimum 
time period of one hour (mean = 1 hr 29 min; range = 1 hr to 2 hrs 5 min; SD = 28 
min), starting just before sunrise utilizing an 80 mm spotting scope. Observation 
starting times ranged from roughly 0615 hrs to 0730 hrs gradually becoming earlier 
advancing into the spring following the change in sunrise timing. Observation days 
were determined by staff availability and weather conditions were not a major factor 
in determining site visit days. One to two field personnel made a total of 21 
observations including 19 morning and two late afternoon observations. We 
employed a scan sampling method where we made passes of the lekking area and 
recorded the number of GRPCs present, their sex, and their general behavior at the 
time of our scan, including display, foraging, or loafing behavior (Altmann 1974). 
Lek attendance was determined by the maximum count of each sex recorded during 
any single scan per observation day. Display behavior based on Robb and Schroeder 
(2005) and Johnsgard (2016) were recorded. We also recorded narrative descriptions 
of the habitat conditions each week including plant regrowth as well as recent land 
management actions (controlled burning, etc.). We logged the temperature and wind 
speed at time of observation utilizing a Kestrel 3000 weather meter. Additionally, we 
summarized weather data from the nearest National Oceanic and Atmospheric 
Administration (NOAA) weather station (KHSI, 40.60056° N, -98.42583° W) located 
at the Hastings Municipal Airport, Hastings, Nebraska, approximately 21 km south 
of our research site to gauge how the winter weather in 2015 compared to historic 
averages (NOAA 2017). 

RESULTS

 We recorded a full range of male display behavior (e.g., booming, strutting, and 
sparring) during every observation from 30 January through 13 May 2015. During 
the final scheduled observation on 20 May 2015 seven male GRPCs were gathered at 
the lekking site loafing together but no lekking display behavior was documented. 

We detected the first female GRPC on 11 March 2015, and females were 
documented attending the lek during five consecutive observations through 01 April 
2015 (Figure 2). We did not detect females again until we documented them on four 
of seven observations between 22 April and 13 May 2015. During the final lek 
observation of this study on 20 May 2015, no female GRPCs were detected. We 
recorded an average of 10.8 males per survey (SD = 2.2; range = 6-14) and 0.5 
females per survey (SD = 0.7; range = 0-2; Table 1, Figure 2.). We documented the 
first signs of new green vegetation growth at the lek site on 22 March 2015 (Figure 
2).

 From 16 January through 30 January 2015, daily highs were approximately 10° 
C above average, daily average temperatures were 7.7° C above average, and daily 
lows were 5° C above average (Table 2), with temperatures reaching as high as 20.6° 
C (NOAA 2017).  However, after this warm spell, temperatures returned to levels 
more closely resembling historic daily averages for the month of February (observed: 
-3.5° C; historic: -1.1° C; Table 2). Temperatures collected in the field (Kestrel 3000 
weather meter) while observing active lekking behavior ranged from
-15.0° C on 5 March 2015, to 15.6° C on 7 May 2015 (mean: 3.5 ° C; Table 1). 

Figure 2. Male and female Greater Prairie-Chicken lek attendance, plant growth/green 
up, and controlled burning activity by date at Mormon Island, Hall County, Nebraska.  
“M” represents the number of males attending the lek, “F” represents the number of 
females attending the lek. “Plant Growth” indicates first signs of green plant growth. 
“Controlled Burn” indicates the date of the prescribed fire conducted in the pasture 
directly to the south of the original lekking site.

DISCUSSION

 The male GRPCs on Mormon Island began consistently lekking more than one 
month prior to the typical start of the lekking season in Nebraska and what has 
generally been published for the central Great Plains (Robb and Schroeder 2005; 
McNew et al. 2011; Johnsgard 2016; Figure 2). McNew et al. (2011) did not observe 
seasonal variation in lek attendance during their three-year study of three GRPC 

populations in Kansas, suggesting that the timing of lek attendance is relatively 
stable.  We recorded male GRPCs lekking across a span of 111 days beginning 30 
January 2015, 34 days longer than McNew et al. (2011) documented following a 2 
March start. However, Toeffer and Eng (1988) recorded radio tracked males 
beginning to return to the lekking grounds as early as 5 February (n = 1) and 10 
February (n = 2) in their study of GRPC movements within the Sheyenne National 
Grasslands in southeastern North Dakota. Additionally, experienced field biologists 
working with GRPCs in Kansas and Oklahoma have captured GRPCs on their 
lekking grounds throughout the winter months.  D. Wolfe (pers. comm., unpubl. 
data) indicated that from 1997-2000 during first capture events on lekking grounds 
they documented 19 individuals in February (one female, f); 43 in March (eight f), 
88 in April (45 f), 19 in November (three f), and 15 in December (five f).  Schroeder 
and Braun (1992) documented male lek attendance from late February to early 
June, with attendance being the most stable in March and April in their 6-year study 
of 80 leks across 301 square km of prairie in northeastern Colorado.
 
 McNew et al. (2011) found that 95% of all female lek visits were recorded within 
28 days between 20 March and 16 April. In 2015, per our observations, female 
GRPCs began consistently attending the lek on Mormon Island nine days ahead of 
this mark, from 11 March to 1 April (Figure 2). This time period likely coincided 
with mating activity prior to first clutch initiation (McNew et al. 2011; Robb and 
Schroeder 2005; Johnsgard 2016). However, female lek attendance in our study both 
predated and postdated those dates recorded by McNew et al. (2011), but are within 
the timeframe observed by D. Wolfe (pers. comm.) in Oklahoma. The female lek 
attendance dates we report herein also preceded and extended past those reported 
by Robel and Ballard (1974), which observed female GRPCs attending three separate 
leks from late March to early May on a 970 hectare prairie on the western edge of 
the Flint Hills in Kansas. Hamerstrom and Hamerstrom (1973) documented 
occasional female lek attendance beginning in late March and early April that came 
to a peak in the third to fourth week of April before dropping in the first week of 
May in their 22 year study in Wisconsin. We recorded female GRPCs attending the 
lek across a 64-day period, which is longer than most accounts of female lek 
attendance (Hamerstrom and Hamerstrom 1973; Robel and Ballard 1974; McNew 
et al. 2011). The late season female lek attendance we recorded from 22 April to 13 
May 2015 may have been prompted by significant nest failure following a controlled 
burn in the pasture immediately south of the lekking grounds (Figure 2). However, a 
second and smaller peak of female lek attendance is often documented a few weeks 
after the first as females which nested unsuccessfully return to the lekking grounds 
to remate (Hamerstrom and Hamerstrom 1973; Robb and Schroeder 2005). 

 Our documentation of consistent lek attendance for both sexes, as well as male 
display behavior, appear to be both early and extended in references to most 
published dates of GRPC activity. Research has documented periodic winter lek 
attendance and display behavior by GRPCs, however, these were often not “complete 
performances” including strutting, sparring, and booming (Hamerstrom 1939; 
Mohler 1952; Horak and Applegate 1998). Hamerstrom (1939) documented early 
lekking behavior during February thaws in Wisconsin in which GRPCs were 

physically acting out displays without vocalizing and first detected complete displays 
beginning between 2 March and 21 March during his three-year study from 1936 to 
1938 in Wisconsin. However, Schwartz (1945) documented periodic GRPC booming 
and strutting in Missouri during February of 1941 and 1942 that was interrupted by 
“periods of severe cold.” Schwartz (1945) also documented “regular” use of booming 
grounds in 1943 starting on 5 February, which represents one of the earliest records 
of consistent GRPC lekking behavior documented in the central Great Plains. We 
noted booming, strutting, and sparring consistently during our observations 
beginning on 30 January 2015. We documented six male GRPCs booming even 
under inclement cold weather conditions with temperatures as low as -14° C and 
winds reaching 24.1 kph on 18 February 2015. Our observations differ from the 
majority of accounts of winter GRPC lekking activity, with the exception of that 
reported herewith by Wolfe (see above) and those recorded by Schwartz (1945) in 
1943, as they indicate both consistent as well as complete lekking display behavior 
despite returns to cold temperatures following warm winter weather.
 
 Male GRPC lekking behavior may be cued, in part, by sustained periods of 
warm late winter and early spring weather.  Though hormonal processes triggered 
by photoperiod predominantly regulate the seasonal timing of reproductive 
behavior in birds, temperature and other environmental cues (forage, etc.) have 
been found to aid in the fine scale determination of these annual cycles (Wingfield et 
al. 2003; Dawson 2008). It is possible that early and consistent lekking behavior 
occasionally occurs throughout the GRPC’s range following extended periods of 
mild winter weather, and has not been sufficiently documented in the scientific 
literature (D. Wolfe pers. comm.). Moreover, it is likely that different geographical 
populations, even at the same latitude, exhibit significant temporal variation 
regarding the initiation of lekking behavior with some populations being more 
prone to consistent early display behavior than others (Sharpe et al. 2001; Conklin et 
al. 2013). Stable lekking grounds, which are regularly used across years as opposed 
to intermittently or ephemerally utilized sites, may be more likely to support 
periodic or sustained winter lekking behavior. Stable lekking grounds have 
comparatively high male lek attendance and are more likely to support some level of 
GRPC activity in all months of the year aside from August and July (Schroeder and 
Braun 1992; Horak and Applegate 1998). Our study lek was documented yearly 
from 2012 to 2017 within the same 250 m2 area of Mormon Island. Additionally, we 
recorded a male lek attendance per survey in 2015 (mean = 10.8) characteristic of 
stable lekking grounds (Schroeder and Braun 1992). This study marks the earliest 
record of consistent GRPC lekking behavior within the central Great Plains 
documented in the scientific literature to our knowledge. Our observations also 
suggest that an early start to male display behavior may not simply represent a 
temporal advance of the lekking season but also an extension of its duration. Further 
research is needed to determine if winter GRPC lekking behavior is a widespread 
phenomenon during unseasonably warm winter weather. If our observations 
represent a common occurrence throughout the GRPC’s range, increased warming 
trends may alter the lekking phenology of GRPCs with unknown impacts (Bradley et 
al. 1999; Charmantier and Gienapp 2014).
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(1939) indicated that winter displays are often incomplete with limited vocalization 
and sparring, though active displaying has been observed in winter in Kansas and 
Oklahoma (E. A. Young and D. Wolfe pers. comm.).  There is a paucity of published 
data on display behavior beginning in the winter months (December to January) and 
persisting through the end of the normal breeding season (Hamerstrom 1939; 
Mohler 1952; Schwartz 1945; Baker 1953). Additionally, this observation was made in 
central Nebraska, in the center of the GRPC’s current latitudinal range where lekking 
usually begins later than in the GRPC’s southern range (Robb and Schroeder 2005; 
Johnsgard 2016). In a three-year study of GRPC breeding phenology in the Flint 
Hills of Kansas, McNew et al. (2011) found males attending leks from 2 March to 19 
May and females attending leks from 20 March to 16 April, with peak attendance of 
both sexes in early April. Robb and Schroeder (2005) reported that GRPC lekking 
activity is generally documented from early March to early June throughout their 
geographical range. However, Thompson et al. (2011) indicated up to 100 males 
gather on booming grounds in Kansas starting in February, and Young (pers. comm.) 
observed display behaviors in January-February in the southern Flint Hills region 
during the 1980’s and early 1990’s when populations were more robust. Our 
objective in monitoring this lek was to determine if early lekking behavior was a 
temporary phenomenon, or if this lekking behavior once initiated, would continue 
uninterrupted through the 2015 breeding season given the atypically mild winter 
temperatures recorded in January (NOAA 2017 ). 

STUDY AREA

 Mormon Island (40.797163° N, -98.417318° W; Figure 1) consists of 1100 
hectares of primarily relict lowland tallgrass prairie and wet meadow habitat 
containing scattered upland sandy ridges and riparian, cottonwood (Populus deltoides) 
dominated, woodlands bordered to both the north and south by channels of the 
Platte River (Currier 1982, 1989, Nagel and Kolstad 1987). Just to its west, 
Shoemaker Island consists of 850 hectares of upland tallgrass prairie, woodlands, and 
interspersed wet meadows and sloughs. The adjacent Mormon and Shoemaker 
islands are owned and managed by the Crane Trust, a small private non-profit 
conservation organization aimed at preserving habitat for Whooping Cranes (Grus 
americana) and other migratory birds along the Big Bend of the Platte River 
(VanDerwalker 1981). The landscape has been managed with rotational cattle grazing 
(rested every 3-4 yrs) and prescribed fire (burned every 4-5 yrs) to mimic historic 
disturbance regimes, maintain a variety of habitats in different successional stages, 
and promote native and endemic biodiversity (Currier 1982; Briggs et al. 2005; 
Fuhlendorf et al. 2009).  This area constitutes the largest contiguous expanse of 
riverine prairie remaining along the Big Bend of the Platte River, providing habitat 
for an isolated breeding population of GRPCs approximately 40 km from the nearest 
consistent booming grounds in northwest Hall County (Lingle et al. 1994; Svedarsky 
et al. 2000; Sharpe et al. 2001; Johnsgard 2016). 

 The study lek on Mormon Island was located approximately 60 m from a 
cattle-drinker in short, heavily grazed, upland vegetation on a sandy ridge rising 1 m 
to 1.25 m in elevation above the lowland tallgrass prairie to the south and about 1.5 m 
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ABSTRACT
 We detected 9 adult male Greater Prairie-Chickens (Tympanuchus cupido pinnatus) 
actively lekking on 30 January of 2015 and monitored the lek once per week to 
determine if lekking behavior would continue uninterrupted through the typical 
lekking season from early March through late May. We documented lekking 
behavior, male and female lek attendance, habitat information, and weather data 
from 30 January to 20 May 2015 (21 observations). Male lekking behavior was 
documented during every observation throughout the study period except for the 
final observation on 20 May. Additionally, female Greater Prairie-Chickens were 
documented attending the lek as early as 11 March. We provide evidence of an early 
and extended lekking season in Nebraska.

INTRODUCTION

 During the week of 19 January through 23 January 2015, biologists conducting 
land management work flushed three Greater Prairie-Chickens (Tympanuchus cupido 
pinnatus; GRPC) from the center of Mormon Island, Hall County, Nebraska (Figure 
1). Following the early detection of multiple GRPCs in an appropriate lekking 
location, we began monitoring the area on a weekly basis for potential lekking 
activity. On 30 January 2015, we detected nine male GRPCs vocalizing (booming), 
conducting breeding displays (strutting), and sparring with each other at a known 
lek site. GRPCs are known to gather intermittently at lek sites during the wintering 
months and periodic displays have been documented during mild winter weather 
throughout their range (Hamerstrom 1939; Schwartz 1945; Mohler 1952; Baker 
1953; Horak 1985; Horak and Applegate 1998; Thompson et al. 2011). Hamerstrom 

above the wet meadow north of the ridge. Vegetation on the lekking site was grazed 
the previous fall to less than 3 cm in height, leaving ample open ground. The lek was 
centered about 55 m west of a north-south oriented fence and 45 m north of an 
east-west positioned fence inside a 120 hectare pasture. This pasture had not been 
burned for three years as of 2015, but grazing had been intensive on the higher 
ridges in this pasture into the fall of 2014.  This was especially true regarding the 
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eventual lekking area, as the cattle-drinker was nearby, and the upland ridge was 
dominated by vegetation species preferred by cattle including western wheatgrass 
(Pascopyrum smithii), big bluestem (Andropogon gerardii), and little bluestem 
(Schizachyrium scoparium) (Stubbendieck et al. 1992). Crane Trust biology staff found 
GRPCs in the same location in the spring of 2014; however, in 2012, 2013, and 2016 
the lek was not detected in this location, but 250 m to the northeast on a 
cattle-grazed sandy ridge in an adjacent pasture. On 22 April 2015, we conducted a 
controlled burn in the 125 hectare pasture directly south of the pasture containing 

our study lek. On 30 April 2015, GRPCs were detected displaying at the actively 
monitored lek site as well as the newly burned area centered roughly 100 m south. 
The following week on 7 May, continuing through 20 May 2015, we observed the 
GRPCs predominantly gathering and lekking on the recently burned area. 
Year-round long term avian monitoring surveys conducted across Mormon and 
Shoemaker Islands indicate the general area described above, containing three 
separate lekking locations within 250 m, represents the only known lekking grounds 
on the Crane Trust’s property (Crane Trust unpubl. data). Lingle and Hay (1982) 
recorded wintering GRPCs during their two year (1980-1981) avian inventory of 
Mormon Island, but they did not detect GRPCs breeding in the area, suggesting that 
lekking and breeding activity may be a relatively recent phenomenon.

METHODS

 Observations began 30 January and continued until 20 May 2015. Prior to the 
initiation of our observational period, we erected a camouflaged pop-up blind 
adjacent to the fence 55 m east of the GRPC lek and observed the lek approximately 
once a week (mean = every 5.8 days; range = 2 to 10; SD = 3.1), for a minimum 
time period of one hour (mean = 1 hr 29 min; range = 1 hr to 2 hrs 5 min; SD = 28 
min), starting just before sunrise utilizing an 80 mm spotting scope. Observation 
starting times ranged from roughly 0615 hrs to 0730 hrs gradually becoming earlier 
advancing into the spring following the change in sunrise timing. Observation days 
were determined by staff availability and weather conditions were not a major factor 
in determining site visit days. One to two field personnel made a total of 21 
observations including 19 morning and two late afternoon observations. We 
employed a scan sampling method where we made passes of the lekking area and 
recorded the number of GRPCs present, their sex, and their general behavior at the 
time of our scan, including display, foraging, or loafing behavior (Altmann 1974). 
Lek attendance was determined by the maximum count of each sex recorded during 
any single scan per observation day. Display behavior based on Robb and Schroeder 
(2005) and Johnsgard (2016) were recorded. We also recorded narrative descriptions 
of the habitat conditions each week including plant regrowth as well as recent land 
management actions (controlled burning, etc.). We logged the temperature and wind 
speed at time of observation utilizing a Kestrel 3000 weather meter. Additionally, we 
summarized weather data from the nearest National Oceanic and Atmospheric 
Administration (NOAA) weather station (KHSI, 40.60056° N, -98.42583° W) located 
at the Hastings Municipal Airport, Hastings, Nebraska, approximately 21 km south 
of our research site to gauge how the winter weather in 2015 compared to historic 
averages (NOAA 2017). 

RESULTS

 We recorded a full range of male display behavior (e.g., booming, strutting, and 
sparring) during every observation from 30 January through 13 May 2015. During 
the final scheduled observation on 20 May 2015 seven male GRPCs were gathered at 
the lekking site loafing together but no lekking display behavior was documented. 

We detected the first female GRPC on 11 March 2015, and females were 
documented attending the lek during five consecutive observations through 01 April 
2015 (Figure 2). We did not detect females again until we documented them on four 
of seven observations between 22 April and 13 May 2015. During the final lek 
observation of this study on 20 May 2015, no female GRPCs were detected. We 
recorded an average of 10.8 males per survey (SD = 2.2; range = 6-14) and 0.5 
females per survey (SD = 0.7; range = 0-2; Table 1, Figure 2.). We documented the 
first signs of new green vegetation growth at the lek site on 22 March 2015 (Figure 
2).

 From 16 January through 30 January 2015, daily highs were approximately 10° 
C above average, daily average temperatures were 7.7° C above average, and daily 
lows were 5° C above average (Table 2), with temperatures reaching as high as 20.6° 
C (NOAA 2017).  However, after this warm spell, temperatures returned to levels 
more closely resembling historic daily averages for the month of February (observed: 
-3.5° C; historic: -1.1° C; Table 2). Temperatures collected in the field (Kestrel 3000 
weather meter) while observing active lekking behavior ranged from
-15.0° C on 5 March 2015, to 15.6° C on 7 May 2015 (mean: 3.5 ° C; Table 1). 

Table 1. Summary statistics regarding male and female Greater Prairie-Chicken lek 
attendance, temperature, and wind speed recorded during morning lek observations 
(n=19).

DISCUSSION

 The male GRPCs on Mormon Island began consistently lekking more than one 
month prior to the typical start of the lekking season in Nebraska and what has 
generally been published for the central Great Plains (Robb and Schroeder 2005; 
McNew et al. 2011; Johnsgard 2016; Figure 2). McNew et al. (2011) did not observe 
seasonal variation in lek attendance during their three-year study of three GRPC 

populations in Kansas, suggesting that the timing of lek attendance is relatively 
stable.  We recorded male GRPCs lekking across a span of 111 days beginning 30 
January 2015, 34 days longer than McNew et al. (2011) documented following a 2 
March start. However, Toeffer and Eng (1988) recorded radio tracked males 
beginning to return to the lekking grounds as early as 5 February (n = 1) and 10 
February (n = 2) in their study of GRPC movements within the Sheyenne National 
Grasslands in southeastern North Dakota. Additionally, experienced field biologists 
working with GRPCs in Kansas and Oklahoma have captured GRPCs on their 
lekking grounds throughout the winter months.  D. Wolfe (pers. comm., unpubl. 
data) indicated that from 1997-2000 during first capture events on lekking grounds 
they documented 19 individuals in February (one female, f); 43 in March (eight f), 
88 in April (45 f), 19 in November (three f), and 15 in December (five f).  Schroeder 
and Braun (1992) documented male lek attendance from late February to early 
June, with attendance being the most stable in March and April in their 6-year study 
of 80 leks across 301 square km of prairie in northeastern Colorado.
 
 McNew et al. (2011) found that 95% of all female lek visits were recorded within 
28 days between 20 March and 16 April. In 2015, per our observations, female 
GRPCs began consistently attending the lek on Mormon Island nine days ahead of 
this mark, from 11 March to 1 April (Figure 2). This time period likely coincided 
with mating activity prior to first clutch initiation (McNew et al. 2011; Robb and 
Schroeder 2005; Johnsgard 2016). However, female lek attendance in our study both 
predated and postdated those dates recorded by McNew et al. (2011), but are within 
the timeframe observed by D. Wolfe (pers. comm.) in Oklahoma. The female lek 
attendance dates we report herein also preceded and extended past those reported 
by Robel and Ballard (1974), which observed female GRPCs attending three separate 
leks from late March to early May on a 970 hectare prairie on the western edge of 
the Flint Hills in Kansas. Hamerstrom and Hamerstrom (1973) documented 
occasional female lek attendance beginning in late March and early April that came 
to a peak in the third to fourth week of April before dropping in the first week of 
May in their 22 year study in Wisconsin. We recorded female GRPCs attending the 
lek across a 64-day period, which is longer than most accounts of female lek 
attendance (Hamerstrom and Hamerstrom 1973; Robel and Ballard 1974; McNew 
et al. 2011). The late season female lek attendance we recorded from 22 April to 13 
May 2015 may have been prompted by significant nest failure following a controlled 
burn in the pasture immediately south of the lekking grounds (Figure 2). However, a 
second and smaller peak of female lek attendance is often documented a few weeks 
after the first as females which nested unsuccessfully return to the lekking grounds 
to remate (Hamerstrom and Hamerstrom 1973; Robb and Schroeder 2005). 

 Our documentation of consistent lek attendance for both sexes, as well as male 
display behavior, appear to be both early and extended in references to most 
published dates of GRPC activity. Research has documented periodic winter lek 
attendance and display behavior by GRPCs, however, these were often not “complete 
performances” including strutting, sparring, and booming (Hamerstrom 1939; 
Mohler 1952; Horak and Applegate 1998). Hamerstrom (1939) documented early 
lekking behavior during February thaws in Wisconsin in which GRPCs were 

physically acting out displays without vocalizing and first detected complete displays 
beginning between 2 March and 21 March during his three-year study from 1936 to 
1938 in Wisconsin. However, Schwartz (1945) documented periodic GRPC booming 
and strutting in Missouri during February of 1941 and 1942 that was interrupted by 
“periods of severe cold.” Schwartz (1945) also documented “regular” use of booming 
grounds in 1943 starting on 5 February, which represents one of the earliest records 
of consistent GRPC lekking behavior documented in the central Great Plains. We 
noted booming, strutting, and sparring consistently during our observations 
beginning on 30 January 2015. We documented six male GRPCs booming even 
under inclement cold weather conditions with temperatures as low as -14° C and 
winds reaching 24.1 kph on 18 February 2015. Our observations differ from the 
majority of accounts of winter GRPC lekking activity, with the exception of that 
reported herewith by Wolfe (see above) and those recorded by Schwartz (1945) in 
1943, as they indicate both consistent as well as complete lekking display behavior 
despite returns to cold temperatures following warm winter weather.
 
 Male GRPC lekking behavior may be cued, in part, by sustained periods of 
warm late winter and early spring weather.  Though hormonal processes triggered 
by photoperiod predominantly regulate the seasonal timing of reproductive 
behavior in birds, temperature and other environmental cues (forage, etc.) have 
been found to aid in the fine scale determination of these annual cycles (Wingfield et 
al. 2003; Dawson 2008). It is possible that early and consistent lekking behavior 
occasionally occurs throughout the GRPC’s range following extended periods of 
mild winter weather, and has not been sufficiently documented in the scientific 
literature (D. Wolfe pers. comm.). Moreover, it is likely that different geographical 
populations, even at the same latitude, exhibit significant temporal variation 
regarding the initiation of lekking behavior with some populations being more 
prone to consistent early display behavior than others (Sharpe et al. 2001; Conklin et 
al. 2013). Stable lekking grounds, which are regularly used across years as opposed 
to intermittently or ephemerally utilized sites, may be more likely to support 
periodic or sustained winter lekking behavior. Stable lekking grounds have 
comparatively high male lek attendance and are more likely to support some level of 
GRPC activity in all months of the year aside from August and July (Schroeder and 
Braun 1992; Horak and Applegate 1998). Our study lek was documented yearly 
from 2012 to 2017 within the same 250 m2 area of Mormon Island. Additionally, we 
recorded a male lek attendance per survey in 2015 (mean = 10.8) characteristic of 
stable lekking grounds (Schroeder and Braun 1992). This study marks the earliest 
record of consistent GRPC lekking behavior within the central Great Plains 
documented in the scientific literature to our knowledge. Our observations also 
suggest that an early start to male display behavior may not simply represent a 
temporal advance of the lekking season but also an extension of its duration. Further 
research is needed to determine if winter GRPC lekking behavior is a widespread 
phenomenon during unseasonably warm winter weather. If our observations 
represent a common occurrence throughout the GRPC’s range, increased warming 
trends may alter the lekking phenology of GRPCs with unknown impacts (Bradley et 
al. 1999; Charmantier and Gienapp 2014).
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(1939) indicated that winter displays are often incomplete with limited vocalization 
and sparring, though active displaying has been observed in winter in Kansas and 
Oklahoma (E. A. Young and D. Wolfe pers. comm.).  There is a paucity of published 
data on display behavior beginning in the winter months (December to January) and 
persisting through the end of the normal breeding season (Hamerstrom 1939; 
Mohler 1952; Schwartz 1945; Baker 1953). Additionally, this observation was made in 
central Nebraska, in the center of the GRPC’s current latitudinal range where lekking 
usually begins later than in the GRPC’s southern range (Robb and Schroeder 2005; 
Johnsgard 2016). In a three-year study of GRPC breeding phenology in the Flint 
Hills of Kansas, McNew et al. (2011) found males attending leks from 2 March to 19 
May and females attending leks from 20 March to 16 April, with peak attendance of 
both sexes in early April. Robb and Schroeder (2005) reported that GRPC lekking 
activity is generally documented from early March to early June throughout their 
geographical range. However, Thompson et al. (2011) indicated up to 100 males 
gather on booming grounds in Kansas starting in February, and Young (pers. comm.) 
observed display behaviors in January-February in the southern Flint Hills region 
during the 1980’s and early 1990’s when populations were more robust. Our 
objective in monitoring this lek was to determine if early lekking behavior was a 
temporary phenomenon, or if this lekking behavior once initiated, would continue 
uninterrupted through the 2015 breeding season given the atypically mild winter 
temperatures recorded in January (NOAA 2017 ). 

STUDY AREA

 Mormon Island (40.797163° N, -98.417318° W; Figure 1) consists of 1100 
hectares of primarily relict lowland tallgrass prairie and wet meadow habitat 
containing scattered upland sandy ridges and riparian, cottonwood (Populus deltoides) 
dominated, woodlands bordered to both the north and south by channels of the 
Platte River (Currier 1982, 1989, Nagel and Kolstad 1987). Just to its west, 
Shoemaker Island consists of 850 hectares of upland tallgrass prairie, woodlands, and 
interspersed wet meadows and sloughs. The adjacent Mormon and Shoemaker 
islands are owned and managed by the Crane Trust, a small private non-profit 
conservation organization aimed at preserving habitat for Whooping Cranes (Grus 
americana) and other migratory birds along the Big Bend of the Platte River 
(VanDerwalker 1981). The landscape has been managed with rotational cattle grazing 
(rested every 3-4 yrs) and prescribed fire (burned every 4-5 yrs) to mimic historic 
disturbance regimes, maintain a variety of habitats in different successional stages, 
and promote native and endemic biodiversity (Currier 1982; Briggs et al. 2005; 
Fuhlendorf et al. 2009).  This area constitutes the largest contiguous expanse of 
riverine prairie remaining along the Big Bend of the Platte River, providing habitat 
for an isolated breeding population of GRPCs approximately 40 km from the nearest 
consistent booming grounds in northwest Hall County (Lingle et al. 1994; Svedarsky 
et al. 2000; Sharpe et al. 2001; Johnsgard 2016). 

 The study lek on Mormon Island was located approximately 60 m from a 
cattle-drinker in short, heavily grazed, upland vegetation on a sandy ridge rising 1 m 
to 1.25 m in elevation above the lowland tallgrass prairie to the south and about 1.5 m 
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ABSTRACT
 We detected 9 adult male Greater Prairie-Chickens (Tympanuchus cupido pinnatus) 
actively lekking on 30 January of 2015 and monitored the lek once per week to 
determine if lekking behavior would continue uninterrupted through the typical 
lekking season from early March through late May. We documented lekking 
behavior, male and female lek attendance, habitat information, and weather data 
from 30 January to 20 May 2015 (21 observations). Male lekking behavior was 
documented during every observation throughout the study period except for the 
final observation on 20 May. Additionally, female Greater Prairie-Chickens were 
documented attending the lek as early as 11 March. We provide evidence of an early 
and extended lekking season in Nebraska.

INTRODUCTION

 During the week of 19 January through 23 January 2015, biologists conducting 
land management work flushed three Greater Prairie-Chickens (Tympanuchus cupido 
pinnatus; GRPC) from the center of Mormon Island, Hall County, Nebraska (Figure 
1). Following the early detection of multiple GRPCs in an appropriate lekking 
location, we began monitoring the area on a weekly basis for potential lekking 
activity. On 30 January 2015, we detected nine male GRPCs vocalizing (booming), 
conducting breeding displays (strutting), and sparring with each other at a known 
lek site. GRPCs are known to gather intermittently at lek sites during the wintering 
months and periodic displays have been documented during mild winter weather 
throughout their range (Hamerstrom 1939; Schwartz 1945; Mohler 1952; Baker 
1953; Horak 1985; Horak and Applegate 1998; Thompson et al. 2011). Hamerstrom 

above the wet meadow north of the ridge. Vegetation on the lekking site was grazed 
the previous fall to less than 3 cm in height, leaving ample open ground. The lek was 
centered about 55 m west of a north-south oriented fence and 45 m north of an 
east-west positioned fence inside a 120 hectare pasture. This pasture had not been 
burned for three years as of 2015, but grazing had been intensive on the higher 
ridges in this pasture into the fall of 2014.  This was especially true regarding the 
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eventual lekking area, as the cattle-drinker was nearby, and the upland ridge was 
dominated by vegetation species preferred by cattle including western wheatgrass 
(Pascopyrum smithii), big bluestem (Andropogon gerardii), and little bluestem 
(Schizachyrium scoparium) (Stubbendieck et al. 1992). Crane Trust biology staff found 
GRPCs in the same location in the spring of 2014; however, in 2012, 2013, and 2016 
the lek was not detected in this location, but 250 m to the northeast on a 
cattle-grazed sandy ridge in an adjacent pasture. On 22 April 2015, we conducted a 
controlled burn in the 125 hectare pasture directly south of the pasture containing 

our study lek. On 30 April 2015, GRPCs were detected displaying at the actively 
monitored lek site as well as the newly burned area centered roughly 100 m south. 
The following week on 7 May, continuing through 20 May 2015, we observed the 
GRPCs predominantly gathering and lekking on the recently burned area. 
Year-round long term avian monitoring surveys conducted across Mormon and 
Shoemaker Islands indicate the general area described above, containing three 
separate lekking locations within 250 m, represents the only known lekking grounds 
on the Crane Trust’s property (Crane Trust unpubl. data). Lingle and Hay (1982) 
recorded wintering GRPCs during their two year (1980-1981) avian inventory of 
Mormon Island, but they did not detect GRPCs breeding in the area, suggesting that 
lekking and breeding activity may be a relatively recent phenomenon.

METHODS

 Observations began 30 January and continued until 20 May 2015. Prior to the 
initiation of our observational period, we erected a camouflaged pop-up blind 
adjacent to the fence 55 m east of the GRPC lek and observed the lek approximately 
once a week (mean = every 5.8 days; range = 2 to 10; SD = 3.1), for a minimum 
time period of one hour (mean = 1 hr 29 min; range = 1 hr to 2 hrs 5 min; SD = 28 
min), starting just before sunrise utilizing an 80 mm spotting scope. Observation 
starting times ranged from roughly 0615 hrs to 0730 hrs gradually becoming earlier 
advancing into the spring following the change in sunrise timing. Observation days 
were determined by staff availability and weather conditions were not a major factor 
in determining site visit days. One to two field personnel made a total of 21 
observations including 19 morning and two late afternoon observations. We 
employed a scan sampling method where we made passes of the lekking area and 
recorded the number of GRPCs present, their sex, and their general behavior at the 
time of our scan, including display, foraging, or loafing behavior (Altmann 1974). 
Lek attendance was determined by the maximum count of each sex recorded during 
any single scan per observation day. Display behavior based on Robb and Schroeder 
(2005) and Johnsgard (2016) were recorded. We also recorded narrative descriptions 
of the habitat conditions each week including plant regrowth as well as recent land 
management actions (controlled burning, etc.). We logged the temperature and wind 
speed at time of observation utilizing a Kestrel 3000 weather meter. Additionally, we 
summarized weather data from the nearest National Oceanic and Atmospheric 
Administration (NOAA) weather station (KHSI, 40.60056° N, -98.42583° W) located 
at the Hastings Municipal Airport, Hastings, Nebraska, approximately 21 km south 
of our research site to gauge how the winter weather in 2015 compared to historic 
averages (NOAA 2017). 

RESULTS

 We recorded a full range of male display behavior (e.g., booming, strutting, and 
sparring) during every observation from 30 January through 13 May 2015. During 
the final scheduled observation on 20 May 2015 seven male GRPCs were gathered at 
the lekking site loafing together but no lekking display behavior was documented. 

We detected the first female GRPC on 11 March 2015, and females were 
documented attending the lek during five consecutive observations through 01 April 
2015 (Figure 2). We did not detect females again until we documented them on four 
of seven observations between 22 April and 13 May 2015. During the final lek 
observation of this study on 20 May 2015, no female GRPCs were detected. We 
recorded an average of 10.8 males per survey (SD = 2.2; range = 6-14) and 0.5 
females per survey (SD = 0.7; range = 0-2; Table 1, Figure 2.). We documented the 
first signs of new green vegetation growth at the lek site on 22 March 2015 (Figure 
2).

 From 16 January through 30 January 2015, daily highs were approximately 10° 
C above average, daily average temperatures were 7.7° C above average, and daily 
lows were 5° C above average (Table 2), with temperatures reaching as high as 20.6° 
C (NOAA 2017).  However, after this warm spell, temperatures returned to levels 
more closely resembling historic daily averages for the month of February (observed: 
-3.5° C; historic: -1.1° C; Table 2). Temperatures collected in the field (Kestrel 3000 
weather meter) while observing active lekking behavior ranged from
-15.0° C on 5 March 2015, to 15.6° C on 7 May 2015 (mean: 3.5 ° C; Table 1). 

DISCUSSION

 The male GRPCs on Mormon Island began consistently lekking more than one 
month prior to the typical start of the lekking season in Nebraska and what has 
generally been published for the central Great Plains (Robb and Schroeder 2005; 
McNew et al. 2011; Johnsgard 2016; Figure 2). McNew et al. (2011) did not observe 
seasonal variation in lek attendance during their three-year study of three GRPC 

populations in Kansas, suggesting that the timing of lek attendance is relatively 
stable.  We recorded male GRPCs lekking across a span of 111 days beginning 30 
January 2015, 34 days longer than McNew et al. (2011) documented following a 2 
March start. However, Toeffer and Eng (1988) recorded radio tracked males 
beginning to return to the lekking grounds as early as 5 February (n = 1) and 10 
February (n = 2) in their study of GRPC movements within the Sheyenne National 
Grasslands in southeastern North Dakota. Additionally, experienced field biologists 
working with GRPCs in Kansas and Oklahoma have captured GRPCs on their 
lekking grounds throughout the winter months.  D. Wolfe (pers. comm., unpubl. 
data) indicated that from 1997-2000 during first capture events on lekking grounds 
they documented 19 individuals in February (one female, f); 43 in March (eight f), 
88 in April (45 f), 19 in November (three f), and 15 in December (five f).  Schroeder 
and Braun (1992) documented male lek attendance from late February to early 
June, with attendance being the most stable in March and April in their 6-year study 
of 80 leks across 301 square km of prairie in northeastern Colorado.
 
 McNew et al. (2011) found that 95% of all female lek visits were recorded within 
28 days between 20 March and 16 April. In 2015, per our observations, female 
GRPCs began consistently attending the lek on Mormon Island nine days ahead of 
this mark, from 11 March to 1 April (Figure 2). This time period likely coincided 
with mating activity prior to first clutch initiation (McNew et al. 2011; Robb and 
Schroeder 2005; Johnsgard 2016). However, female lek attendance in our study both 
predated and postdated those dates recorded by McNew et al. (2011), but are within 
the timeframe observed by D. Wolfe (pers. comm.) in Oklahoma. The female lek 
attendance dates we report herein also preceded and extended past those reported 
by Robel and Ballard (1974), which observed female GRPCs attending three separate 
leks from late March to early May on a 970 hectare prairie on the western edge of 
the Flint Hills in Kansas. Hamerstrom and Hamerstrom (1973) documented 
occasional female lek attendance beginning in late March and early April that came 
to a peak in the third to fourth week of April before dropping in the first week of 
May in their 22 year study in Wisconsin. We recorded female GRPCs attending the 
lek across a 64-day period, which is longer than most accounts of female lek 
attendance (Hamerstrom and Hamerstrom 1973; Robel and Ballard 1974; McNew 
et al. 2011). The late season female lek attendance we recorded from 22 April to 13 
May 2015 may have been prompted by significant nest failure following a controlled 
burn in the pasture immediately south of the lekking grounds (Figure 2). However, a 
second and smaller peak of female lek attendance is often documented a few weeks 
after the first as females which nested unsuccessfully return to the lekking grounds 
to remate (Hamerstrom and Hamerstrom 1973; Robb and Schroeder 2005). 

 Our documentation of consistent lek attendance for both sexes, as well as male 
display behavior, appear to be both early and extended in references to most 
published dates of GRPC activity. Research has documented periodic winter lek 
attendance and display behavior by GRPCs, however, these were often not “complete 
performances” including strutting, sparring, and booming (Hamerstrom 1939; 
Mohler 1952; Horak and Applegate 1998). Hamerstrom (1939) documented early 
lekking behavior during February thaws in Wisconsin in which GRPCs were 

physically acting out displays without vocalizing and first detected complete displays 
beginning between 2 March and 21 March during his three-year study from 1936 to 
1938 in Wisconsin. However, Schwartz (1945) documented periodic GRPC booming 
and strutting in Missouri during February of 1941 and 1942 that was interrupted by 
“periods of severe cold.” Schwartz (1945) also documented “regular” use of booming 
grounds in 1943 starting on 5 February, which represents one of the earliest records 
of consistent GRPC lekking behavior documented in the central Great Plains. We 
noted booming, strutting, and sparring consistently during our observations 
beginning on 30 January 2015. We documented six male GRPCs booming even 
under inclement cold weather conditions with temperatures as low as -14° C and 
winds reaching 24.1 kph on 18 February 2015. Our observations differ from the 
majority of accounts of winter GRPC lekking activity, with the exception of that 
reported herewith by Wolfe (see above) and those recorded by Schwartz (1945) in 
1943, as they indicate both consistent as well as complete lekking display behavior 
despite returns to cold temperatures following warm winter weather.
 
 Male GRPC lekking behavior may be cued, in part, by sustained periods of 
warm late winter and early spring weather.  Though hormonal processes triggered 
by photoperiod predominantly regulate the seasonal timing of reproductive 
behavior in birds, temperature and other environmental cues (forage, etc.) have 
been found to aid in the fine scale determination of these annual cycles (Wingfield et 
al. 2003; Dawson 2008). It is possible that early and consistent lekking behavior 
occasionally occurs throughout the GRPC’s range following extended periods of 
mild winter weather, and has not been sufficiently documented in the scientific 
literature (D. Wolfe pers. comm.). Moreover, it is likely that different geographical 
populations, even at the same latitude, exhibit significant temporal variation 
regarding the initiation of lekking behavior with some populations being more 
prone to consistent early display behavior than others (Sharpe et al. 2001; Conklin et 
al. 2013). Stable lekking grounds, which are regularly used across years as opposed 
to intermittently or ephemerally utilized sites, may be more likely to support 
periodic or sustained winter lekking behavior. Stable lekking grounds have 
comparatively high male lek attendance and are more likely to support some level of 
GRPC activity in all months of the year aside from August and July (Schroeder and 
Braun 1992; Horak and Applegate 1998). Our study lek was documented yearly 
from 2012 to 2017 within the same 250 m2 area of Mormon Island. Additionally, we 
recorded a male lek attendance per survey in 2015 (mean = 10.8) characteristic of 
stable lekking grounds (Schroeder and Braun 1992). This study marks the earliest 
record of consistent GRPC lekking behavior within the central Great Plains 
documented in the scientific literature to our knowledge. Our observations also 
suggest that an early start to male display behavior may not simply represent a 
temporal advance of the lekking season but also an extension of its duration. Further 
research is needed to determine if winter GRPC lekking behavior is a widespread 
phenomenon during unseasonably warm winter weather. If our observations 
represent a common occurrence throughout the GRPC’s range, increased warming 
trends may alter the lekking phenology of GRPCs with unknown impacts (Bradley et 
al. 1999; Charmantier and Gienapp 2014).
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(1939) indicated that winter displays are often incomplete with limited vocalization 
and sparring, though active displaying has been observed in winter in Kansas and 
Oklahoma (E. A. Young and D. Wolfe pers. comm.).  There is a paucity of published 
data on display behavior beginning in the winter months (December to January) and 
persisting through the end of the normal breeding season (Hamerstrom 1939; 
Mohler 1952; Schwartz 1945; Baker 1953). Additionally, this observation was made in 
central Nebraska, in the center of the GRPC’s current latitudinal range where lekking 
usually begins later than in the GRPC’s southern range (Robb and Schroeder 2005; 
Johnsgard 2016). In a three-year study of GRPC breeding phenology in the Flint 
Hills of Kansas, McNew et al. (2011) found males attending leks from 2 March to 19 
May and females attending leks from 20 March to 16 April, with peak attendance of 
both sexes in early April. Robb and Schroeder (2005) reported that GRPC lekking 
activity is generally documented from early March to early June throughout their 
geographical range. However, Thompson et al. (2011) indicated up to 100 males 
gather on booming grounds in Kansas starting in February, and Young (pers. comm.) 
observed display behaviors in January-February in the southern Flint Hills region 
during the 1980’s and early 1990’s when populations were more robust. Our 
objective in monitoring this lek was to determine if early lekking behavior was a 
temporary phenomenon, or if this lekking behavior once initiated, would continue 
uninterrupted through the 2015 breeding season given the atypically mild winter 
temperatures recorded in January (NOAA 2017 ). 

STUDY AREA

 Mormon Island (40.797163° N, -98.417318° W; Figure 1) consists of 1100 
hectares of primarily relict lowland tallgrass prairie and wet meadow habitat 
containing scattered upland sandy ridges and riparian, cottonwood (Populus deltoides) 
dominated, woodlands bordered to both the north and south by channels of the 
Platte River (Currier 1982, 1989, Nagel and Kolstad 1987). Just to its west, 
Shoemaker Island consists of 850 hectares of upland tallgrass prairie, woodlands, and 
interspersed wet meadows and sloughs. The adjacent Mormon and Shoemaker 
islands are owned and managed by the Crane Trust, a small private non-profit 
conservation organization aimed at preserving habitat for Whooping Cranes (Grus 
americana) and other migratory birds along the Big Bend of the Platte River 
(VanDerwalker 1981). The landscape has been managed with rotational cattle grazing 
(rested every 3-4 yrs) and prescribed fire (burned every 4-5 yrs) to mimic historic 
disturbance regimes, maintain a variety of habitats in different successional stages, 
and promote native and endemic biodiversity (Currier 1982; Briggs et al. 2005; 
Fuhlendorf et al. 2009).  This area constitutes the largest contiguous expanse of 
riverine prairie remaining along the Big Bend of the Platte River, providing habitat 
for an isolated breeding population of GRPCs approximately 40 km from the nearest 
consistent booming grounds in northwest Hall County (Lingle et al. 1994; Svedarsky 
et al. 2000; Sharpe et al. 2001; Johnsgard 2016). 

 The study lek on Mormon Island was located approximately 60 m from a 
cattle-drinker in short, heavily grazed, upland vegetation on a sandy ridge rising 1 m 
to 1.25 m in elevation above the lowland tallgrass prairie to the south and about 1.5 m 

SUSTAINED EARLY INTERIOR GREATER PRAIRIE-CHICKEN 
(Tympanuchus cupido pinnatus) LEKKING BEHAVIOR AT LEK 

IN CENTRAL NEBRASKA
¹Andrew J. Caven, ¹Kelsey C. King, ²Emma M. Brinley Buckley, ³Greg D. Wright, 

¹Nicole Arcilla, and 4Ross P. McLean

1Platte River Whooping Crane Maintenance Trust, Wood River, NE 68883; 2Dept. of 
Communications, Univ. of Nebraska-Kearney, Kearney, NE 68849; 3US Forest Service Bessey 
Ranger District, Nebraska National Forest, Halsey, NE 69142; 4Dept. of Natural Resources, 

Univ. of Wisconsin-Stevens Point, Stevens Point, WI 54481.

ABSTRACT
 We detected 9 adult male Greater Prairie-Chickens (Tympanuchus cupido pinnatus) 
actively lekking on 30 January of 2015 and monitored the lek once per week to 
determine if lekking behavior would continue uninterrupted through the typical 
lekking season from early March through late May. We documented lekking 
behavior, male and female lek attendance, habitat information, and weather data 
from 30 January to 20 May 2015 (21 observations). Male lekking behavior was 
documented during every observation throughout the study period except for the 
final observation on 20 May. Additionally, female Greater Prairie-Chickens were 
documented attending the lek as early as 11 March. We provide evidence of an early 
and extended lekking season in Nebraska.

INTRODUCTION

 During the week of 19 January through 23 January 2015, biologists conducting 
land management work flushed three Greater Prairie-Chickens (Tympanuchus cupido 
pinnatus; GRPC) from the center of Mormon Island, Hall County, Nebraska (Figure 
1). Following the early detection of multiple GRPCs in an appropriate lekking 
location, we began monitoring the area on a weekly basis for potential lekking 
activity. On 30 January 2015, we detected nine male GRPCs vocalizing (booming), 
conducting breeding displays (strutting), and sparring with each other at a known 
lek site. GRPCs are known to gather intermittently at lek sites during the wintering 
months and periodic displays have been documented during mild winter weather 
throughout their range (Hamerstrom 1939; Schwartz 1945; Mohler 1952; Baker 
1953; Horak 1985; Horak and Applegate 1998; Thompson et al. 2011). Hamerstrom 

above the wet meadow north of the ridge. Vegetation on the lekking site was grazed 
the previous fall to less than 3 cm in height, leaving ample open ground. The lek was 
centered about 55 m west of a north-south oriented fence and 45 m north of an 
east-west positioned fence inside a 120 hectare pasture. This pasture had not been 
burned for three years as of 2015, but grazing had been intensive on the higher 
ridges in this pasture into the fall of 2014.  This was especially true regarding the 
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eventual lekking area, as the cattle-drinker was nearby, and the upland ridge was 
dominated by vegetation species preferred by cattle including western wheatgrass 
(Pascopyrum smithii), big bluestem (Andropogon gerardii), and little bluestem 
(Schizachyrium scoparium) (Stubbendieck et al. 1992). Crane Trust biology staff found 
GRPCs in the same location in the spring of 2014; however, in 2012, 2013, and 2016 
the lek was not detected in this location, but 250 m to the northeast on a 
cattle-grazed sandy ridge in an adjacent pasture. On 22 April 2015, we conducted a 
controlled burn in the 125 hectare pasture directly south of the pasture containing 

our study lek. On 30 April 2015, GRPCs were detected displaying at the actively 
monitored lek site as well as the newly burned area centered roughly 100 m south. 
The following week on 7 May, continuing through 20 May 2015, we observed the 
GRPCs predominantly gathering and lekking on the recently burned area. 
Year-round long term avian monitoring surveys conducted across Mormon and 
Shoemaker Islands indicate the general area described above, containing three 
separate lekking locations within 250 m, represents the only known lekking grounds 
on the Crane Trust’s property (Crane Trust unpubl. data). Lingle and Hay (1982) 
recorded wintering GRPCs during their two year (1980-1981) avian inventory of 
Mormon Island, but they did not detect GRPCs breeding in the area, suggesting that 
lekking and breeding activity may be a relatively recent phenomenon.

METHODS

 Observations began 30 January and continued until 20 May 2015. Prior to the 
initiation of our observational period, we erected a camouflaged pop-up blind 
adjacent to the fence 55 m east of the GRPC lek and observed the lek approximately 
once a week (mean = every 5.8 days; range = 2 to 10; SD = 3.1), for a minimum 
time period of one hour (mean = 1 hr 29 min; range = 1 hr to 2 hrs 5 min; SD = 28 
min), starting just before sunrise utilizing an 80 mm spotting scope. Observation 
starting times ranged from roughly 0615 hrs to 0730 hrs gradually becoming earlier 
advancing into the spring following the change in sunrise timing. Observation days 
were determined by staff availability and weather conditions were not a major factor 
in determining site visit days. One to two field personnel made a total of 21 
observations including 19 morning and two late afternoon observations. We 
employed a scan sampling method where we made passes of the lekking area and 
recorded the number of GRPCs present, their sex, and their general behavior at the 
time of our scan, including display, foraging, or loafing behavior (Altmann 1974). 
Lek attendance was determined by the maximum count of each sex recorded during 
any single scan per observation day. Display behavior based on Robb and Schroeder 
(2005) and Johnsgard (2016) were recorded. We also recorded narrative descriptions 
of the habitat conditions each week including plant regrowth as well as recent land 
management actions (controlled burning, etc.). We logged the temperature and wind 
speed at time of observation utilizing a Kestrel 3000 weather meter. Additionally, we 
summarized weather data from the nearest National Oceanic and Atmospheric 
Administration (NOAA) weather station (KHSI, 40.60056° N, -98.42583° W) located 
at the Hastings Municipal Airport, Hastings, Nebraska, approximately 21 km south 
of our research site to gauge how the winter weather in 2015 compared to historic 
averages (NOAA 2017). 

RESULTS

 We recorded a full range of male display behavior (e.g., booming, strutting, and 
sparring) during every observation from 30 January through 13 May 2015. During 
the final scheduled observation on 20 May 2015 seven male GRPCs were gathered at 
the lekking site loafing together but no lekking display behavior was documented. 

We detected the first female GRPC on 11 March 2015, and females were 
documented attending the lek during five consecutive observations through 01 April 
2015 (Figure 2). We did not detect females again until we documented them on four 
of seven observations between 22 April and 13 May 2015. During the final lek 
observation of this study on 20 May 2015, no female GRPCs were detected. We 
recorded an average of 10.8 males per survey (SD = 2.2; range = 6-14) and 0.5 
females per survey (SD = 0.7; range = 0-2; Table 1, Figure 2.). We documented the 
first signs of new green vegetation growth at the lek site on 22 March 2015 (Figure 
2).

 From 16 January through 30 January 2015, daily highs were approximately 10° 
C above average, daily average temperatures were 7.7° C above average, and daily 
lows were 5° C above average (Table 2), with temperatures reaching as high as 20.6° 
C (NOAA 2017).  However, after this warm spell, temperatures returned to levels 
more closely resembling historic daily averages for the month of February (observed: 
-3.5° C; historic: -1.1° C; Table 2). Temperatures collected in the field (Kestrel 3000 
weather meter) while observing active lekking behavior ranged from
-15.0° C on 5 March 2015, to 15.6° C on 7 May 2015 (mean: 3.5 ° C; Table 1). 

DISCUSSION

 The male GRPCs on Mormon Island began consistently lekking more than one 
month prior to the typical start of the lekking season in Nebraska and what has 
generally been published for the central Great Plains (Robb and Schroeder 2005; 
McNew et al. 2011; Johnsgard 2016; Figure 2). McNew et al. (2011) did not observe 
seasonal variation in lek attendance during their three-year study of three GRPC 

populations in Kansas, suggesting that the timing of lek attendance is relatively 
stable.  We recorded male GRPCs lekking across a span of 111 days beginning 30 
January 2015, 34 days longer than McNew et al. (2011) documented following a 2 
March start. However, Toeffer and Eng (1988) recorded radio tracked males 
beginning to return to the lekking grounds as early as 5 February (n = 1) and 10 
February (n = 2) in their study of GRPC movements within the Sheyenne National 
Grasslands in southeastern North Dakota. Additionally, experienced field biologists 
working with GRPCs in Kansas and Oklahoma have captured GRPCs on their 
lekking grounds throughout the winter months.  D. Wolfe (pers. comm., unpubl. 
data) indicated that from 1997-2000 during first capture events on lekking grounds 
they documented 19 individuals in February (one female, f); 43 in March (eight f), 
88 in April (45 f), 19 in November (three f), and 15 in December (five f).  Schroeder 
and Braun (1992) documented male lek attendance from late February to early 
June, with attendance being the most stable in March and April in their 6-year study 
of 80 leks across 301 square km of prairie in northeastern Colorado.
 
 McNew et al. (2011) found that 95% of all female lek visits were recorded within 
28 days between 20 March and 16 April. In 2015, per our observations, female 
GRPCs began consistently attending the lek on Mormon Island nine days ahead of 
this mark, from 11 March to 1 April (Figure 2). This time period likely coincided 
with mating activity prior to first clutch initiation (McNew et al. 2011; Robb and 
Schroeder 2005; Johnsgard 2016). However, female lek attendance in our study both 
predated and postdated those dates recorded by McNew et al. (2011), but are within 
the timeframe observed by D. Wolfe (pers. comm.) in Oklahoma. The female lek 
attendance dates we report herein also preceded and extended past those reported 
by Robel and Ballard (1974), which observed female GRPCs attending three separate 
leks from late March to early May on a 970 hectare prairie on the western edge of 
the Flint Hills in Kansas. Hamerstrom and Hamerstrom (1973) documented 
occasional female lek attendance beginning in late March and early April that came 
to a peak in the third to fourth week of April before dropping in the first week of 
May in their 22 year study in Wisconsin. We recorded female GRPCs attending the 
lek across a 64-day period, which is longer than most accounts of female lek 
attendance (Hamerstrom and Hamerstrom 1973; Robel and Ballard 1974; McNew 
et al. 2011). The late season female lek attendance we recorded from 22 April to 13 
May 2015 may have been prompted by significant nest failure following a controlled 
burn in the pasture immediately south of the lekking grounds (Figure 2). However, a 
second and smaller peak of female lek attendance is often documented a few weeks 
after the first as females which nested unsuccessfully return to the lekking grounds 
to remate (Hamerstrom and Hamerstrom 1973; Robb and Schroeder 2005). 

 Our documentation of consistent lek attendance for both sexes, as well as male 
display behavior, appear to be both early and extended in references to most 
published dates of GRPC activity. Research has documented periodic winter lek 
attendance and display behavior by GRPCs, however, these were often not “complete 
performances” including strutting, sparring, and booming (Hamerstrom 1939; 
Mohler 1952; Horak and Applegate 1998). Hamerstrom (1939) documented early 
lekking behavior during February thaws in Wisconsin in which GRPCs were 

physically acting out displays without vocalizing and first detected complete displays 
beginning between 2 March and 21 March during his three-year study from 1936 to 
1938 in Wisconsin. However, Schwartz (1945) documented periodic GRPC booming 
and strutting in Missouri during February of 1941 and 1942 that was interrupted by 
“periods of severe cold.” Schwartz (1945) also documented “regular” use of booming 
grounds in 1943 starting on 5 February, which represents one of the earliest records 
of consistent GRPC lekking behavior documented in the central Great Plains. We 
noted booming, strutting, and sparring consistently during our observations 
beginning on 30 January 2015. We documented six male GRPCs booming even 
under inclement cold weather conditions with temperatures as low as -14° C and 
winds reaching 24.1 kph on 18 February 2015. Our observations differ from the 
majority of accounts of winter GRPC lekking activity, with the exception of that 
reported herewith by Wolfe (see above) and those recorded by Schwartz (1945) in 
1943, as they indicate both consistent as well as complete lekking display behavior 
despite returns to cold temperatures following warm winter weather.
 
 Male GRPC lekking behavior may be cued, in part, by sustained periods of 
warm late winter and early spring weather.  Though hormonal processes triggered 
by photoperiod predominantly regulate the seasonal timing of reproductive 
behavior in birds, temperature and other environmental cues (forage, etc.) have 
been found to aid in the fine scale determination of these annual cycles (Wingfield et 
al. 2003; Dawson 2008). It is possible that early and consistent lekking behavior 
occasionally occurs throughout the GRPC’s range following extended periods of 
mild winter weather, and has not been sufficiently documented in the scientific 
literature (D. Wolfe pers. comm.). Moreover, it is likely that different geographical 
populations, even at the same latitude, exhibit significant temporal variation 
regarding the initiation of lekking behavior with some populations being more 
prone to consistent early display behavior than others (Sharpe et al. 2001; Conklin et 
al. 2013). Stable lekking grounds, which are regularly used across years as opposed 
to intermittently or ephemerally utilized sites, may be more likely to support 
periodic or sustained winter lekking behavior. Stable lekking grounds have 
comparatively high male lek attendance and are more likely to support some level of 
GRPC activity in all months of the year aside from August and July (Schroeder and 
Braun 1992; Horak and Applegate 1998). Our study lek was documented yearly 
from 2012 to 2017 within the same 250 m2 area of Mormon Island. Additionally, we 
recorded a male lek attendance per survey in 2015 (mean = 10.8) characteristic of 
stable lekking grounds (Schroeder and Braun 1992). This study marks the earliest 
record of consistent GRPC lekking behavior within the central Great Plains 
documented in the scientific literature to our knowledge. Our observations also 
suggest that an early start to male display behavior may not simply represent a 
temporal advance of the lekking season but also an extension of its duration. Further 
research is needed to determine if winter GRPC lekking behavior is a widespread 
phenomenon during unseasonably warm winter weather. If our observations 
represent a common occurrence throughout the GRPC’s range, increased warming 
trends may alter the lekking phenology of GRPCs with unknown impacts (Bradley et 
al. 1999; Charmantier and Gienapp 2014).

ACKNOWLEDGMENTS

 We would like to thank Chuck Cooper and Brice Krohn for supporting our 
Greater Prairie-Chicken research as well as the Nebraska Environmental Trust for 
providing grant funding through the REACH (Research Experience to Achieve 
Conservation of Habitat) program for this project. Additionally, we thank Hannah B. 
English for her help in gathering raw weather data, Donald H. Wolfe Jr. (Senior 
Biologist, George Miksch Sutton Center, Oklahoma) for his expert advice which 
helped us to make sense of our observations, and Eugene A. Young for the extra 
attention he showed this manuscript in his role as editor of the Bulletin.  Thanks to 
D. Wolfe, and two anonymous reviewers for their comments that greatly enhanced 
the manuscript. 

LITERATURE CITED

Altmann, J. 1974. Observational study of behavior: sampling methods. Behaviour 
49:227-267.

Baker, M. F. 1953. Greater Prairie-Chickens of Kansas. University of Kansas Museum 
of Natural History and State Biological Survey, Miscellaneous Publications, 5.

Bradley, N. L., A. C. Leopold, J. Ross, and W. Huffake. 1999. Phenological changes 
reflect climate change in Wisconsin. Proceedings of the National Academy of 
Sciences 96:9701–9704.

Conklin, J. R., P. F. Battley, and M.A. Potter. 2013. Absolute consistency: individual 
versus population variation in annual-cycle schedules of a long-distance migrant 
bird. PLoS One 8(1): e54535.

Currier, P. J. 1982. The floodplain vegetation of the Platte River: Phytosociology, 
forest development, and seedling establishment. Retrospective Theses and 
Dissertations, Iowa State University Digital Repository, Paper 8339, Ames, Iowa, 
USA.

Currier, P. J. 1989. Plant species composition and groundwater levels in a Platte 
River wet meadow. Pages 19–24 in Proceedings of the 11th North American Prairie 
Conference, 7-11 August 1988, Lincoln, Nebraska, USA.

Dawson, A. 2008. Control of the annual cycle in birds: endocrine constraints and 
plasticity in response to ecological variability. Philosophical Transactions of the Royal 
Society of London B: Biological Sciences 363(1497): 1621-1633.

Fuhlendorf, S. D., D. M. Engle, J. Kerby, and R. G. Hamilton. 2009. Pyric herbivory: 
rewilding landscapes through the recoupling of fire and grazing. Conservation 
Biology 23:588–598.

Hamerstrom, F. N. 1939. A study of Wisconsin prairie chicken and sharp-tailed 
grouse. The Wilson Bulletin 51(2): 105-120.

Hamerstrom, F. N. Jr., and F. Hamerstrom. 1973. The Greater Prairie-Chicken in 
Wisconsin – highlights of a 22 year study of counts, behavior, movements, turnover, 
and habitat. Wisconsin Department of Natural Resources. Technical Bulletin, 64.

Horak, G. J. 1985. Kansas prairie chickens. Kansas Fish and Game Commission, 
85(3).

Horak, G. J., and R. D. Applegate. 1998. Greater Prairie Chicken management. 
Emporia State University, 45(1).

Johnsgard, Paul A. 2016. The North American grouse: their biology and behavior. 
Zea E-Books. Book 41. < http://digitalcommons.unl.edu/zeabook/41/>.  Accessed 15 
December 2016. 

Lingle, G. R., and M. A. Hay. 1982. A checklist of the birds of Mormon Island Crane 
Meadows. Nebraska Bird Review 50:27–36.

Lingle, G. R., W. S. Whitney, and E. V. Ochsner. 1994. Birding Crane River: 
Nebraska's Platte. Harrier Publications, Grand Island, Nebraska, USA.

McNew, L. B., A. J. Gregory, S. M. Wisely, and B. K. Sandercock. 2011. 
Reproductive biology of a southern population of Greater Prairie-Chickens. Pages 
209–221 in B. K. Sandercock, K. Martin, and G. Segelbacher (editors). Ecology, 
conservation, and management of grouse. Studies in avian biology (no. 39), 
University of California Press, Berkeley, CA.

Mohler, L. L. 1952. Fall and winter habits of Prairie Chickens in southwest Nebraska. 
The Journal of Wildlife Management 16(1): 9-23.
 
NOAA (National Oceanic and Atmospheric Administration). 2017. Historic weather 
(15 January to 30 April 2015) for station KHSI Hastings Municipal Airport, 
Nebraska. http://w1.weather.gov/xml/current_obs/KHSI.xml. Accessed 20 September 
2017.

Robb, L. A., and M. A. Schroeder. 2005. Greater Prairie-Chicken (Tympanuchus 
cupido): a technical conservation assessment. [Online]. USDA Forest Service, Rocky 
Mountain Region. http://www.fs.fed.us/r2/projects/scp/assessments/ 
greaterprairiechicken.pdf. Accessed 10 September 2016.

Robel, R. J., and W. B. Ballard, Jr. 1974. Lek social organization and reproductive 
success in the Greater Prairie Chicken. American Zoologist 14(1):121-128.

Schwartz, C. W. 1945. The ecology of the prairie chicken in Missouri. University of 
Missouri, University Studies 20:1-99. 

Schroeder, M. A. and C. E. Braun. 1992. Greater Prairie-Chicken attendance at leks 
and stability of leks in Colorado.  Wilson Bulletin 104:273–284.

Sharpe, R. S., W. R. Silcock, and J. G. Jorgensen. 2001. Birds of Nebraska: Their 
distribution and temporal occurrence. University of Nebraska Press, Lincoln, 
Nebraska, USA.

Stubbendieck, J. L., S. L. Hatch, and C. H. Butterfield .1992. North American range 
plants. University of Nebraska Press, Lincoln, Nebraska, USA.

Svedarsky, W. D., R. L. Westemeier, R. J. Robel, S. Gough, and J. E. Toepfer. 2000. 
Status and management of the Greater Prairie-Chicken Tympanuchus cupido 
pinnatus in North America. Wildlife Biology 6:277–284.

Toepfer, J. E. and R. L. Eng. 1988. Winter ecology of the Greater Prairie-Chicken on 
the Sheyenne National Grasslands, North Dakota. Pages 32–48 in A. J. Bjugstad 
technical coordinator. Greater Prairie-Chickens on the Sheyenne National 
Grasslands. United States Department of Agriculture, Forest Service General 
Technical Report RM-159.

Thompson, M. C., C. A. Ely, B. Gress, C. Otte, S. T. Patti, D. Seibel, and E. A. Young. 
2011. Birds of Kansas. University Press of Kansas, Lawrence, Kansas, USA.

VanDerwalker, J.G. 1981. The Platte River Whooping Crane Critical Habitat 
Maintenance Trust. In J.C. Lewis, editor. Proceedings 1981 Crane Workshop. 
National Audubon Society, Tavemier, Florida, USA, 4-6.

Wingfield, J. C., T.P. Hahn, D.L. Maney, S.J. Schoech, M. Wada, and M.L. Morton. 
2003. Effects of temperature on photoperiodically induced reproductive 
development, circulating plasma luteinizing hormone and thyroid hormones, body 
mass, fat deposition and molt in mountain white-crowned sparrows, Zonotrichia 
leucophrys oriantha. General and comparative endocrinology 131(2): 143-158.

MANUSCRIPTS NEEDED

 The KOS Bulletin is the official peer-reviewed journal of the Kansas 
Ornithological Society, which is published quarterly. The KOS Bulletin is devoted to 
the field study of birds in Kansas, although other suitable materials can be published. 
Featured articles, and short notes of scientific or general interest are solicited; 
potential authors are encouraged to submit any materials that contribute to the 
understanding of birds in Kansas, including details for documentation of unusual or 
rare species.  Authors are encouraged to review the “Instructions to Authors” in the 
June 2007 issue of the KOS Bulletin (58[2]:24) or on the KOS webpage 
(http://ksbirds.org/kos/Bulletin_Instructions.htm) prior to submitting manuscripts for 
review, or contact: Eugene A. Young, Editor KOS Bulletin, Northern Oklahoma 
College, 1220 E. Grand, PO Box 310, Tonkawa, OK 74653-310; 580-628-6482 (work 
phone); Eugene.Young@noc.edu.



(1939) indicated that winter displays are often incomplete with limited vocalization 
and sparring, though active displaying has been observed in winter in Kansas and 
Oklahoma (E. A. Young and D. Wolfe pers. comm.).  There is a paucity of published 
data on display behavior beginning in the winter months (December to January) and 
persisting through the end of the normal breeding season (Hamerstrom 1939; 
Mohler 1952; Schwartz 1945; Baker 1953). Additionally, this observation was made in 
central Nebraska, in the center of the GRPC’s current latitudinal range where lekking 
usually begins later than in the GRPC’s southern range (Robb and Schroeder 2005; 
Johnsgard 2016). In a three-year study of GRPC breeding phenology in the Flint 
Hills of Kansas, McNew et al. (2011) found males attending leks from 2 March to 19 
May and females attending leks from 20 March to 16 April, with peak attendance of 
both sexes in early April. Robb and Schroeder (2005) reported that GRPC lekking 
activity is generally documented from early March to early June throughout their 
geographical range. However, Thompson et al. (2011) indicated up to 100 males 
gather on booming grounds in Kansas starting in February, and Young (pers. comm.) 
observed display behaviors in January-February in the southern Flint Hills region 
during the 1980’s and early 1990’s when populations were more robust. Our 
objective in monitoring this lek was to determine if early lekking behavior was a 
temporary phenomenon, or if this lekking behavior once initiated, would continue 
uninterrupted through the 2015 breeding season given the atypically mild winter 
temperatures recorded in January (NOAA 2017 ). 

STUDY AREA

 Mormon Island (40.797163° N, -98.417318° W; Figure 1) consists of 1100 
hectares of primarily relict lowland tallgrass prairie and wet meadow habitat 
containing scattered upland sandy ridges and riparian, cottonwood (Populus deltoides) 
dominated, woodlands bordered to both the north and south by channels of the 
Platte River (Currier 1982, 1989, Nagel and Kolstad 1987). Just to its west, 
Shoemaker Island consists of 850 hectares of upland tallgrass prairie, woodlands, and 
interspersed wet meadows and sloughs. The adjacent Mormon and Shoemaker 
islands are owned and managed by the Crane Trust, a small private non-profit 
conservation organization aimed at preserving habitat for Whooping Cranes (Grus 
americana) and other migratory birds along the Big Bend of the Platte River 
(VanDerwalker 1981). The landscape has been managed with rotational cattle grazing 
(rested every 3-4 yrs) and prescribed fire (burned every 4-5 yrs) to mimic historic 
disturbance regimes, maintain a variety of habitats in different successional stages, 
and promote native and endemic biodiversity (Currier 1982; Briggs et al. 2005; 
Fuhlendorf et al. 2009).  This area constitutes the largest contiguous expanse of 
riverine prairie remaining along the Big Bend of the Platte River, providing habitat 
for an isolated breeding population of GRPCs approximately 40 km from the nearest 
consistent booming grounds in northwest Hall County (Lingle et al. 1994; Svedarsky 
et al. 2000; Sharpe et al. 2001; Johnsgard 2016). 

 The study lek on Mormon Island was located approximately 60 m from a 
cattle-drinker in short, heavily grazed, upland vegetation on a sandy ridge rising 1 m 
to 1.25 m in elevation above the lowland tallgrass prairie to the south and about 1.5 m 
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ABSTRACT
 We detected 9 adult male Greater Prairie-Chickens (Tympanuchus cupido pinnatus) 
actively lekking on 30 January of 2015 and monitored the lek once per week to 
determine if lekking behavior would continue uninterrupted through the typical 
lekking season from early March through late May. We documented lekking 
behavior, male and female lek attendance, habitat information, and weather data 
from 30 January to 20 May 2015 (21 observations). Male lekking behavior was 
documented during every observation throughout the study period except for the 
final observation on 20 May. Additionally, female Greater Prairie-Chickens were 
documented attending the lek as early as 11 March. We provide evidence of an early 
and extended lekking season in Nebraska.

INTRODUCTION

 During the week of 19 January through 23 January 2015, biologists conducting 
land management work flushed three Greater Prairie-Chickens (Tympanuchus cupido 
pinnatus; GRPC) from the center of Mormon Island, Hall County, Nebraska (Figure 
1). Following the early detection of multiple GRPCs in an appropriate lekking 
location, we began monitoring the area on a weekly basis for potential lekking 
activity. On 30 January 2015, we detected nine male GRPCs vocalizing (booming), 
conducting breeding displays (strutting), and sparring with each other at a known 
lek site. GRPCs are known to gather intermittently at lek sites during the wintering 
months and periodic displays have been documented during mild winter weather 
throughout their range (Hamerstrom 1939; Schwartz 1945; Mohler 1952; Baker 
1953; Horak 1985; Horak and Applegate 1998; Thompson et al. 2011). Hamerstrom 

above the wet meadow north of the ridge. Vegetation on the lekking site was grazed 
the previous fall to less than 3 cm in height, leaving ample open ground. The lek was 
centered about 55 m west of a north-south oriented fence and 45 m north of an 
east-west positioned fence inside a 120 hectare pasture. This pasture had not been 
burned for three years as of 2015, but grazing had been intensive on the higher 
ridges in this pasture into the fall of 2014.  This was especially true regarding the 

eventual lekking area, as the cattle-drinker was nearby, and the upland ridge was 
dominated by vegetation species preferred by cattle including western wheatgrass 
(Pascopyrum smithii), big bluestem (Andropogon gerardii), and little bluestem 
(Schizachyrium scoparium) (Stubbendieck et al. 1992). Crane Trust biology staff found 
GRPCs in the same location in the spring of 2014; however, in 2012, 2013, and 2016 
the lek was not detected in this location, but 250 m to the northeast on a 
cattle-grazed sandy ridge in an adjacent pasture. On 22 April 2015, we conducted a 
controlled burn in the 125 hectare pasture directly south of the pasture containing 
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our study lek. On 30 April 2015, GRPCs were detected displaying at the actively 
monitored lek site as well as the newly burned area centered roughly 100 m south. 
The following week on 7 May, continuing through 20 May 2015, we observed the 
GRPCs predominantly gathering and lekking on the recently burned area. 
Year-round long term avian monitoring surveys conducted across Mormon and 
Shoemaker Islands indicate the general area described above, containing three 
separate lekking locations within 250 m, represents the only known lekking grounds 
on the Crane Trust’s property (Crane Trust unpubl. data). Lingle and Hay (1982) 
recorded wintering GRPCs during their two year (1980-1981) avian inventory of 
Mormon Island, but they did not detect GRPCs breeding in the area, suggesting that 
lekking and breeding activity may be a relatively recent phenomenon.

METHODS

 Observations began 30 January and continued until 20 May 2015. Prior to the 
initiation of our observational period, we erected a camouflaged pop-up blind 
adjacent to the fence 55 m east of the GRPC lek and observed the lek approximately 
once a week (mean = every 5.8 days; range = 2 to 10; SD = 3.1), for a minimum 
time period of one hour (mean = 1 hr 29 min; range = 1 hr to 2 hrs 5 min; SD = 28 
min), starting just before sunrise utilizing an 80 mm spotting scope. Observation 
starting times ranged from roughly 0615 hrs to 0730 hrs gradually becoming earlier 
advancing into the spring following the change in sunrise timing. Observation days 
were determined by staff availability and weather conditions were not a major factor 
in determining site visit days. One to two field personnel made a total of 21 
observations including 19 morning and two late afternoon observations. We 
employed a scan sampling method where we made passes of the lekking area and 
recorded the number of GRPCs present, their sex, and their general behavior at the 
time of our scan, including display, foraging, or loafing behavior (Altmann 1974). 
Lek attendance was determined by the maximum count of each sex recorded during 
any single scan per observation day. Display behavior based on Robb and Schroeder 
(2005) and Johnsgard (2016) were recorded. We also recorded narrative descriptions 
of the habitat conditions each week including plant regrowth as well as recent land 
management actions (controlled burning, etc.). We logged the temperature and wind 
speed at time of observation utilizing a Kestrel 3000 weather meter. Additionally, we 
summarized weather data from the nearest National Oceanic and Atmospheric 
Administration (NOAA) weather station (KHSI, 40.60056° N, -98.42583° W) located 
at the Hastings Municipal Airport, Hastings, Nebraska, approximately 21 km south 
of our research site to gauge how the winter weather in 2015 compared to historic 
averages (NOAA 2017). 

RESULTS

 We recorded a full range of male display behavior (e.g., booming, strutting, and 
sparring) during every observation from 30 January through 13 May 2015. During 
the final scheduled observation on 20 May 2015 seven male GRPCs were gathered at 
the lekking site loafing together but no lekking display behavior was documented. 

We detected the first female GRPC on 11 March 2015, and females were 
documented attending the lek during five consecutive observations through 01 April 
2015 (Figure 2). We did not detect females again until we documented them on four 
of seven observations between 22 April and 13 May 2015. During the final lek 
observation of this study on 20 May 2015, no female GRPCs were detected. We 
recorded an average of 10.8 males per survey (SD = 2.2; range = 6-14) and 0.5 
females per survey (SD = 0.7; range = 0-2; Table 1, Figure 2.). We documented the 
first signs of new green vegetation growth at the lek site on 22 March 2015 (Figure 
2).

 From 16 January through 30 January 2015, daily highs were approximately 10° 
C above average, daily average temperatures were 7.7° C above average, and daily 
lows were 5° C above average (Table 2), with temperatures reaching as high as 20.6° 
C (NOAA 2017).  However, after this warm spell, temperatures returned to levels 
more closely resembling historic daily averages for the month of February (observed: 
-3.5° C; historic: -1.1° C; Table 2). Temperatures collected in the field (Kestrel 3000 
weather meter) while observing active lekking behavior ranged from
-15.0° C on 5 March 2015, to 15.6° C on 7 May 2015 (mean: 3.5 ° C; Table 1). 

DISCUSSION

 The male GRPCs on Mormon Island began consistently lekking more than one 
month prior to the typical start of the lekking season in Nebraska and what has 
generally been published for the central Great Plains (Robb and Schroeder 2005; 
McNew et al. 2011; Johnsgard 2016; Figure 2). McNew et al. (2011) did not observe 
seasonal variation in lek attendance during their three-year study of three GRPC 

populations in Kansas, suggesting that the timing of lek attendance is relatively 
stable.  We recorded male GRPCs lekking across a span of 111 days beginning 30 
January 2015, 34 days longer than McNew et al. (2011) documented following a 2 
March start. However, Toeffer and Eng (1988) recorded radio tracked males 
beginning to return to the lekking grounds as early as 5 February (n = 1) and 10 
February (n = 2) in their study of GRPC movements within the Sheyenne National 
Grasslands in southeastern North Dakota. Additionally, experienced field biologists 
working with GRPCs in Kansas and Oklahoma have captured GRPCs on their 
lekking grounds throughout the winter months.  D. Wolfe (pers. comm., unpubl. 
data) indicated that from 1997-2000 during first capture events on lekking grounds 
they documented 19 individuals in February (one female, f); 43 in March (eight f), 
88 in April (45 f), 19 in November (three f), and 15 in December (five f).  Schroeder 
and Braun (1992) documented male lek attendance from late February to early 
June, with attendance being the most stable in March and April in their 6-year study 
of 80 leks across 301 square km of prairie in northeastern Colorado.
 
 McNew et al. (2011) found that 95% of all female lek visits were recorded within 
28 days between 20 March and 16 April. In 2015, per our observations, female 
GRPCs began consistently attending the lek on Mormon Island nine days ahead of 
this mark, from 11 March to 1 April (Figure 2). This time period likely coincided 
with mating activity prior to first clutch initiation (McNew et al. 2011; Robb and 
Schroeder 2005; Johnsgard 2016). However, female lek attendance in our study both 
predated and postdated those dates recorded by McNew et al. (2011), but are within 
the timeframe observed by D. Wolfe (pers. comm.) in Oklahoma. The female lek 
attendance dates we report herein also preceded and extended past those reported 
by Robel and Ballard (1974), which observed female GRPCs attending three separate 
leks from late March to early May on a 970 hectare prairie on the western edge of 
the Flint Hills in Kansas. Hamerstrom and Hamerstrom (1973) documented 
occasional female lek attendance beginning in late March and early April that came 
to a peak in the third to fourth week of April before dropping in the first week of 
May in their 22 year study in Wisconsin. We recorded female GRPCs attending the 
lek across a 64-day period, which is longer than most accounts of female lek 
attendance (Hamerstrom and Hamerstrom 1973; Robel and Ballard 1974; McNew 
et al. 2011). The late season female lek attendance we recorded from 22 April to 13 
May 2015 may have been prompted by significant nest failure following a controlled 
burn in the pasture immediately south of the lekking grounds (Figure 2). However, a 
second and smaller peak of female lek attendance is often documented a few weeks 
after the first as females which nested unsuccessfully return to the lekking grounds 
to remate (Hamerstrom and Hamerstrom 1973; Robb and Schroeder 2005). 

 Our documentation of consistent lek attendance for both sexes, as well as male 
display behavior, appear to be both early and extended in references to most 
published dates of GRPC activity. Research has documented periodic winter lek 
attendance and display behavior by GRPCs, however, these were often not “complete 
performances” including strutting, sparring, and booming (Hamerstrom 1939; 
Mohler 1952; Horak and Applegate 1998). Hamerstrom (1939) documented early 
lekking behavior during February thaws in Wisconsin in which GRPCs were 

physically acting out displays without vocalizing and first detected complete displays 
beginning between 2 March and 21 March during his three-year study from 1936 to 
1938 in Wisconsin. However, Schwartz (1945) documented periodic GRPC booming 
and strutting in Missouri during February of 1941 and 1942 that was interrupted by 
“periods of severe cold.” Schwartz (1945) also documented “regular” use of booming 
grounds in 1943 starting on 5 February, which represents one of the earliest records 
of consistent GRPC lekking behavior documented in the central Great Plains. We 
noted booming, strutting, and sparring consistently during our observations 
beginning on 30 January 2015. We documented six male GRPCs booming even 
under inclement cold weather conditions with temperatures as low as -14° C and 
winds reaching 24.1 kph on 18 February 2015. Our observations differ from the 
majority of accounts of winter GRPC lekking activity, with the exception of that 
reported herewith by Wolfe (see above) and those recorded by Schwartz (1945) in 
1943, as they indicate both consistent as well as complete lekking display behavior 
despite returns to cold temperatures following warm winter weather.
 
 Male GRPC lekking behavior may be cued, in part, by sustained periods of 
warm late winter and early spring weather.  Though hormonal processes triggered 
by photoperiod predominantly regulate the seasonal timing of reproductive 
behavior in birds, temperature and other environmental cues (forage, etc.) have 
been found to aid in the fine scale determination of these annual cycles (Wingfield et 
al. 2003; Dawson 2008). It is possible that early and consistent lekking behavior 
occasionally occurs throughout the GRPC’s range following extended periods of 
mild winter weather, and has not been sufficiently documented in the scientific 
literature (D. Wolfe pers. comm.). Moreover, it is likely that different geographical 
populations, even at the same latitude, exhibit significant temporal variation 
regarding the initiation of lekking behavior with some populations being more 
prone to consistent early display behavior than others (Sharpe et al. 2001; Conklin et 
al. 2013). Stable lekking grounds, which are regularly used across years as opposed 
to intermittently or ephemerally utilized sites, may be more likely to support 
periodic or sustained winter lekking behavior. Stable lekking grounds have 
comparatively high male lek attendance and are more likely to support some level of 
GRPC activity in all months of the year aside from August and July (Schroeder and 
Braun 1992; Horak and Applegate 1998). Our study lek was documented yearly 
from 2012 to 2017 within the same 250 m2 area of Mormon Island. Additionally, we 
recorded a male lek attendance per survey in 2015 (mean = 10.8) characteristic of 
stable lekking grounds (Schroeder and Braun 1992). This study marks the earliest 
record of consistent GRPC lekking behavior within the central Great Plains 
documented in the scientific literature to our knowledge. Our observations also 
suggest that an early start to male display behavior may not simply represent a 
temporal advance of the lekking season but also an extension of its duration. Further 
research is needed to determine if winter GRPC lekking behavior is a widespread 
phenomenon during unseasonably warm winter weather. If our observations 
represent a common occurrence throughout the GRPC’s range, increased warming 
trends may alter the lekking phenology of GRPCs with unknown impacts (Bradley et 
al. 1999; Charmantier and Gienapp 2014).
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(1939) indicated that winter displays are often incomplete with limited vocalization 
and sparring, though active displaying has been observed in winter in Kansas and 
Oklahoma (E. A. Young and D. Wolfe pers. comm.).  There is a paucity of published 
data on display behavior beginning in the winter months (December to January) and 
persisting through the end of the normal breeding season (Hamerstrom 1939; 
Mohler 1952; Schwartz 1945; Baker 1953). Additionally, this observation was made in 
central Nebraska, in the center of the GRPC’s current latitudinal range where lekking 
usually begins later than in the GRPC’s southern range (Robb and Schroeder 2005; 
Johnsgard 2016). In a three-year study of GRPC breeding phenology in the Flint 
Hills of Kansas, McNew et al. (2011) found males attending leks from 2 March to 19 
May and females attending leks from 20 March to 16 April, with peak attendance of 
both sexes in early April. Robb and Schroeder (2005) reported that GRPC lekking 
activity is generally documented from early March to early June throughout their 
geographical range. However, Thompson et al. (2011) indicated up to 100 males 
gather on booming grounds in Kansas starting in February, and Young (pers. comm.) 
observed display behaviors in January-February in the southern Flint Hills region 
during the 1980’s and early 1990’s when populations were more robust. Our 
objective in monitoring this lek was to determine if early lekking behavior was a 
temporary phenomenon, or if this lekking behavior once initiated, would continue 
uninterrupted through the 2015 breeding season given the atypically mild winter 
temperatures recorded in January (NOAA 2017 ). 

STUDY AREA

 Mormon Island (40.797163° N, -98.417318° W; Figure 1) consists of 1100 
hectares of primarily relict lowland tallgrass prairie and wet meadow habitat 
containing scattered upland sandy ridges and riparian, cottonwood (Populus deltoides) 
dominated, woodlands bordered to both the north and south by channels of the 
Platte River (Currier 1982, 1989, Nagel and Kolstad 1987). Just to its west, 
Shoemaker Island consists of 850 hectares of upland tallgrass prairie, woodlands, and 
interspersed wet meadows and sloughs. The adjacent Mormon and Shoemaker 
islands are owned and managed by the Crane Trust, a small private non-profit 
conservation organization aimed at preserving habitat for Whooping Cranes (Grus 
americana) and other migratory birds along the Big Bend of the Platte River 
(VanDerwalker 1981). The landscape has been managed with rotational cattle grazing 
(rested every 3-4 yrs) and prescribed fire (burned every 4-5 yrs) to mimic historic 
disturbance regimes, maintain a variety of habitats in different successional stages, 
and promote native and endemic biodiversity (Currier 1982; Briggs et al. 2005; 
Fuhlendorf et al. 2009).  This area constitutes the largest contiguous expanse of 
riverine prairie remaining along the Big Bend of the Platte River, providing habitat 
for an isolated breeding population of GRPCs approximately 40 km from the nearest 
consistent booming grounds in northwest Hall County (Lingle et al. 1994; Svedarsky 
et al. 2000; Sharpe et al. 2001; Johnsgard 2016). 

 The study lek on Mormon Island was located approximately 60 m from a 
cattle-drinker in short, heavily grazed, upland vegetation on a sandy ridge rising 1 m 
to 1.25 m in elevation above the lowland tallgrass prairie to the south and about 1.5 m 
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ABSTRACT
 We detected 9 adult male Greater Prairie-Chickens (Tympanuchus cupido pinnatus) 
actively lekking on 30 January of 2015 and monitored the lek once per week to 
determine if lekking behavior would continue uninterrupted through the typical 
lekking season from early March through late May. We documented lekking 
behavior, male and female lek attendance, habitat information, and weather data 
from 30 January to 20 May 2015 (21 observations). Male lekking behavior was 
documented during every observation throughout the study period except for the 
final observation on 20 May. Additionally, female Greater Prairie-Chickens were 
documented attending the lek as early as 11 March. We provide evidence of an early 
and extended lekking season in Nebraska.

INTRODUCTION

 During the week of 19 January through 23 January 2015, biologists conducting 
land management work flushed three Greater Prairie-Chickens (Tympanuchus cupido 
pinnatus; GRPC) from the center of Mormon Island, Hall County, Nebraska (Figure 
1). Following the early detection of multiple GRPCs in an appropriate lekking 
location, we began monitoring the area on a weekly basis for potential lekking 
activity. On 30 January 2015, we detected nine male GRPCs vocalizing (booming), 
conducting breeding displays (strutting), and sparring with each other at a known 
lek site. GRPCs are known to gather intermittently at lek sites during the wintering 
months and periodic displays have been documented during mild winter weather 
throughout their range (Hamerstrom 1939; Schwartz 1945; Mohler 1952; Baker 
1953; Horak 1985; Horak and Applegate 1998; Thompson et al. 2011). Hamerstrom 

above the wet meadow north of the ridge. Vegetation on the lekking site was grazed 
the previous fall to less than 3 cm in height, leaving ample open ground. The lek was 
centered about 55 m west of a north-south oriented fence and 45 m north of an 
east-west positioned fence inside a 120 hectare pasture. This pasture had not been 
burned for three years as of 2015, but grazing had been intensive on the higher 
ridges in this pasture into the fall of 2014.  This was especially true regarding the 

eventual lekking area, as the cattle-drinker was nearby, and the upland ridge was 
dominated by vegetation species preferred by cattle including western wheatgrass 
(Pascopyrum smithii), big bluestem (Andropogon gerardii), and little bluestem 
(Schizachyrium scoparium) (Stubbendieck et al. 1992). Crane Trust biology staff found 
GRPCs in the same location in the spring of 2014; however, in 2012, 2013, and 2016 
the lek was not detected in this location, but 250 m to the northeast on a 
cattle-grazed sandy ridge in an adjacent pasture. On 22 April 2015, we conducted a 
controlled burn in the 125 hectare pasture directly south of the pasture containing 
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our study lek. On 30 April 2015, GRPCs were detected displaying at the actively 
monitored lek site as well as the newly burned area centered roughly 100 m south. 
The following week on 7 May, continuing through 20 May 2015, we observed the 
GRPCs predominantly gathering and lekking on the recently burned area. 
Year-round long term avian monitoring surveys conducted across Mormon and 
Shoemaker Islands indicate the general area described above, containing three 
separate lekking locations within 250 m, represents the only known lekking grounds 
on the Crane Trust’s property (Crane Trust unpubl. data). Lingle and Hay (1982) 
recorded wintering GRPCs during their two year (1980-1981) avian inventory of 
Mormon Island, but they did not detect GRPCs breeding in the area, suggesting that 
lekking and breeding activity may be a relatively recent phenomenon.

METHODS

 Observations began 30 January and continued until 20 May 2015. Prior to the 
initiation of our observational period, we erected a camouflaged pop-up blind 
adjacent to the fence 55 m east of the GRPC lek and observed the lek approximately 
once a week (mean = every 5.8 days; range = 2 to 10; SD = 3.1), for a minimum 
time period of one hour (mean = 1 hr 29 min; range = 1 hr to 2 hrs 5 min; SD = 28 
min), starting just before sunrise utilizing an 80 mm spotting scope. Observation 
starting times ranged from roughly 0615 hrs to 0730 hrs gradually becoming earlier 
advancing into the spring following the change in sunrise timing. Observation days 
were determined by staff availability and weather conditions were not a major factor 
in determining site visit days. One to two field personnel made a total of 21 
observations including 19 morning and two late afternoon observations. We 
employed a scan sampling method where we made passes of the lekking area and 
recorded the number of GRPCs present, their sex, and their general behavior at the 
time of our scan, including display, foraging, or loafing behavior (Altmann 1974). 
Lek attendance was determined by the maximum count of each sex recorded during 
any single scan per observation day. Display behavior based on Robb and Schroeder 
(2005) and Johnsgard (2016) were recorded. We also recorded narrative descriptions 
of the habitat conditions each week including plant regrowth as well as recent land 
management actions (controlled burning, etc.). We logged the temperature and wind 
speed at time of observation utilizing a Kestrel 3000 weather meter. Additionally, we 
summarized weather data from the nearest National Oceanic and Atmospheric 
Administration (NOAA) weather station (KHSI, 40.60056° N, -98.42583° W) located 
at the Hastings Municipal Airport, Hastings, Nebraska, approximately 21 km south 
of our research site to gauge how the winter weather in 2015 compared to historic 
averages (NOAA 2017). 

RESULTS

 We recorded a full range of male display behavior (e.g., booming, strutting, and 
sparring) during every observation from 30 January through 13 May 2015. During 
the final scheduled observation on 20 May 2015 seven male GRPCs were gathered at 
the lekking site loafing together but no lekking display behavior was documented. 

We detected the first female GRPC on 11 March 2015, and females were 
documented attending the lek during five consecutive observations through 01 April 
2015 (Figure 2). We did not detect females again until we documented them on four 
of seven observations between 22 April and 13 May 2015. During the final lek 
observation of this study on 20 May 2015, no female GRPCs were detected. We 
recorded an average of 10.8 males per survey (SD = 2.2; range = 6-14) and 0.5 
females per survey (SD = 0.7; range = 0-2; Table 1, Figure 2.). We documented the 
first signs of new green vegetation growth at the lek site on 22 March 2015 (Figure 
2).

 From 16 January through 30 January 2015, daily highs were approximately 10° 
C above average, daily average temperatures were 7.7° C above average, and daily 
lows were 5° C above average (Table 2), with temperatures reaching as high as 20.6° 
C (NOAA 2017).  However, after this warm spell, temperatures returned to levels 
more closely resembling historic daily averages for the month of February (observed: 
-3.5° C; historic: -1.1° C; Table 2). Temperatures collected in the field (Kestrel 3000 
weather meter) while observing active lekking behavior ranged from
-15.0° C on 5 March 2015, to 15.6° C on 7 May 2015 (mean: 3.5 ° C; Table 1). 

DISCUSSION

 The male GRPCs on Mormon Island began consistently lekking more than one 
month prior to the typical start of the lekking season in Nebraska and what has 
generally been published for the central Great Plains (Robb and Schroeder 2005; 
McNew et al. 2011; Johnsgard 2016; Figure 2). McNew et al. (2011) did not observe 
seasonal variation in lek attendance during their three-year study of three GRPC 

populations in Kansas, suggesting that the timing of lek attendance is relatively 
stable.  We recorded male GRPCs lekking across a span of 111 days beginning 30 
January 2015, 34 days longer than McNew et al. (2011) documented following a 2 
March start. However, Toeffer and Eng (1988) recorded radio tracked males 
beginning to return to the lekking grounds as early as 5 February (n = 1) and 10 
February (n = 2) in their study of GRPC movements within the Sheyenne National 
Grasslands in southeastern North Dakota. Additionally, experienced field biologists 
working with GRPCs in Kansas and Oklahoma have captured GRPCs on their 
lekking grounds throughout the winter months.  D. Wolfe (pers. comm., unpubl. 
data) indicated that from 1997-2000 during first capture events on lekking grounds 
they documented 19 individuals in February (one female, f); 43 in March (eight f), 
88 in April (45 f), 19 in November (three f), and 15 in December (five f).  Schroeder 
and Braun (1992) documented male lek attendance from late February to early 
June, with attendance being the most stable in March and April in their 6-year study 
of 80 leks across 301 square km of prairie in northeastern Colorado.
 
 McNew et al. (2011) found that 95% of all female lek visits were recorded within 
28 days between 20 March and 16 April. In 2015, per our observations, female 
GRPCs began consistently attending the lek on Mormon Island nine days ahead of 
this mark, from 11 March to 1 April (Figure 2). This time period likely coincided 
with mating activity prior to first clutch initiation (McNew et al. 2011; Robb and 
Schroeder 2005; Johnsgard 2016). However, female lek attendance in our study both 
predated and postdated those dates recorded by McNew et al. (2011), but are within 
the timeframe observed by D. Wolfe (pers. comm.) in Oklahoma. The female lek 
attendance dates we report herein also preceded and extended past those reported 
by Robel and Ballard (1974), which observed female GRPCs attending three separate 
leks from late March to early May on a 970 hectare prairie on the western edge of 
the Flint Hills in Kansas. Hamerstrom and Hamerstrom (1973) documented 
occasional female lek attendance beginning in late March and early April that came 
to a peak in the third to fourth week of April before dropping in the first week of 
May in their 22 year study in Wisconsin. We recorded female GRPCs attending the 
lek across a 64-day period, which is longer than most accounts of female lek 
attendance (Hamerstrom and Hamerstrom 1973; Robel and Ballard 1974; McNew 
et al. 2011). The late season female lek attendance we recorded from 22 April to 13 
May 2015 may have been prompted by significant nest failure following a controlled 
burn in the pasture immediately south of the lekking grounds (Figure 2). However, a 
second and smaller peak of female lek attendance is often documented a few weeks 
after the first as females which nested unsuccessfully return to the lekking grounds 
to remate (Hamerstrom and Hamerstrom 1973; Robb and Schroeder 2005). 

 Our documentation of consistent lek attendance for both sexes, as well as male 
display behavior, appear to be both early and extended in references to most 
published dates of GRPC activity. Research has documented periodic winter lek 
attendance and display behavior by GRPCs, however, these were often not “complete 
performances” including strutting, sparring, and booming (Hamerstrom 1939; 
Mohler 1952; Horak and Applegate 1998). Hamerstrom (1939) documented early 
lekking behavior during February thaws in Wisconsin in which GRPCs were 

physically acting out displays without vocalizing and first detected complete displays 
beginning between 2 March and 21 March during his three-year study from 1936 to 
1938 in Wisconsin. However, Schwartz (1945) documented periodic GRPC booming 
and strutting in Missouri during February of 1941 and 1942 that was interrupted by 
“periods of severe cold.” Schwartz (1945) also documented “regular” use of booming 
grounds in 1943 starting on 5 February, which represents one of the earliest records 
of consistent GRPC lekking behavior documented in the central Great Plains. We 
noted booming, strutting, and sparring consistently during our observations 
beginning on 30 January 2015. We documented six male GRPCs booming even 
under inclement cold weather conditions with temperatures as low as -14° C and 
winds reaching 24.1 kph on 18 February 2015. Our observations differ from the 
majority of accounts of winter GRPC lekking activity, with the exception of that 
reported herewith by Wolfe (see above) and those recorded by Schwartz (1945) in 
1943, as they indicate both consistent as well as complete lekking display behavior 
despite returns to cold temperatures following warm winter weather.
 
 Male GRPC lekking behavior may be cued, in part, by sustained periods of 
warm late winter and early spring weather.  Though hormonal processes triggered 
by photoperiod predominantly regulate the seasonal timing of reproductive 
behavior in birds, temperature and other environmental cues (forage, etc.) have 
been found to aid in the fine scale determination of these annual cycles (Wingfield et 
al. 2003; Dawson 2008). It is possible that early and consistent lekking behavior 
occasionally occurs throughout the GRPC’s range following extended periods of 
mild winter weather, and has not been sufficiently documented in the scientific 
literature (D. Wolfe pers. comm.). Moreover, it is likely that different geographical 
populations, even at the same latitude, exhibit significant temporal variation 
regarding the initiation of lekking behavior with some populations being more 
prone to consistent early display behavior than others (Sharpe et al. 2001; Conklin et 
al. 2013). Stable lekking grounds, which are regularly used across years as opposed 
to intermittently or ephemerally utilized sites, may be more likely to support 
periodic or sustained winter lekking behavior. Stable lekking grounds have 
comparatively high male lek attendance and are more likely to support some level of 
GRPC activity in all months of the year aside from August and July (Schroeder and 
Braun 1992; Horak and Applegate 1998). Our study lek was documented yearly 
from 2012 to 2017 within the same 250 m2 area of Mormon Island. Additionally, we 
recorded a male lek attendance per survey in 2015 (mean = 10.8) characteristic of 
stable lekking grounds (Schroeder and Braun 1992). This study marks the earliest 
record of consistent GRPC lekking behavior within the central Great Plains 
documented in the scientific literature to our knowledge. Our observations also 
suggest that an early start to male display behavior may not simply represent a 
temporal advance of the lekking season but also an extension of its duration. Further 
research is needed to determine if winter GRPC lekking behavior is a widespread 
phenomenon during unseasonably warm winter weather. If our observations 
represent a common occurrence throughout the GRPC’s range, increased warming 
trends may alter the lekking phenology of GRPCs with unknown impacts (Bradley et 
al. 1999; Charmantier and Gienapp 2014).
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(1939) indicated that winter displays are often incomplete with limited vocalization 
and sparring, though active displaying has been observed in winter in Kansas and 
Oklahoma (E. A. Young and D. Wolfe pers. comm.).  There is a paucity of published 
data on display behavior beginning in the winter months (December to January) and 
persisting through the end of the normal breeding season (Hamerstrom 1939; 
Mohler 1952; Schwartz 1945; Baker 1953). Additionally, this observation was made in 
central Nebraska, in the center of the GRPC’s current latitudinal range where lekking 
usually begins later than in the GRPC’s southern range (Robb and Schroeder 2005; 
Johnsgard 2016). In a three-year study of GRPC breeding phenology in the Flint 
Hills of Kansas, McNew et al. (2011) found males attending leks from 2 March to 19 
May and females attending leks from 20 March to 16 April, with peak attendance of 
both sexes in early April. Robb and Schroeder (2005) reported that GRPC lekking 
activity is generally documented from early March to early June throughout their 
geographical range. However, Thompson et al. (2011) indicated up to 100 males 
gather on booming grounds in Kansas starting in February, and Young (pers. comm.) 
observed display behaviors in January-February in the southern Flint Hills region 
during the 1980’s and early 1990’s when populations were more robust. Our 
objective in monitoring this lek was to determine if early lekking behavior was a 
temporary phenomenon, or if this lekking behavior once initiated, would continue 
uninterrupted through the 2015 breeding season given the atypically mild winter 
temperatures recorded in January (NOAA 2017 ). 

STUDY AREA

 Mormon Island (40.797163° N, -98.417318° W; Figure 1) consists of 1100 
hectares of primarily relict lowland tallgrass prairie and wet meadow habitat 
containing scattered upland sandy ridges and riparian, cottonwood (Populus deltoides) 
dominated, woodlands bordered to both the north and south by channels of the 
Platte River (Currier 1982, 1989, Nagel and Kolstad 1987). Just to its west, 
Shoemaker Island consists of 850 hectares of upland tallgrass prairie, woodlands, and 
interspersed wet meadows and sloughs. The adjacent Mormon and Shoemaker 
islands are owned and managed by the Crane Trust, a small private non-profit 
conservation organization aimed at preserving habitat for Whooping Cranes (Grus 
americana) and other migratory birds along the Big Bend of the Platte River 
(VanDerwalker 1981). The landscape has been managed with rotational cattle grazing 
(rested every 3-4 yrs) and prescribed fire (burned every 4-5 yrs) to mimic historic 
disturbance regimes, maintain a variety of habitats in different successional stages, 
and promote native and endemic biodiversity (Currier 1982; Briggs et al. 2005; 
Fuhlendorf et al. 2009).  This area constitutes the largest contiguous expanse of 
riverine prairie remaining along the Big Bend of the Platte River, providing habitat 
for an isolated breeding population of GRPCs approximately 40 km from the nearest 
consistent booming grounds in northwest Hall County (Lingle et al. 1994; Svedarsky 
et al. 2000; Sharpe et al. 2001; Johnsgard 2016). 

 The study lek on Mormon Island was located approximately 60 m from a 
cattle-drinker in short, heavily grazed, upland vegetation on a sandy ridge rising 1 m 
to 1.25 m in elevation above the lowland tallgrass prairie to the south and about 1.5 m 
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ABSTRACT
 We detected 9 adult male Greater Prairie-Chickens (Tympanuchus cupido pinnatus) 
actively lekking on 30 January of 2015 and monitored the lek once per week to 
determine if lekking behavior would continue uninterrupted through the typical 
lekking season from early March through late May. We documented lekking 
behavior, male and female lek attendance, habitat information, and weather data 
from 30 January to 20 May 2015 (21 observations). Male lekking behavior was 
documented during every observation throughout the study period except for the 
final observation on 20 May. Additionally, female Greater Prairie-Chickens were 
documented attending the lek as early as 11 March. We provide evidence of an early 
and extended lekking season in Nebraska.

INTRODUCTION

 During the week of 19 January through 23 January 2015, biologists conducting 
land management work flushed three Greater Prairie-Chickens (Tympanuchus cupido 
pinnatus; GRPC) from the center of Mormon Island, Hall County, Nebraska (Figure 
1). Following the early detection of multiple GRPCs in an appropriate lekking 
location, we began monitoring the area on a weekly basis for potential lekking 
activity. On 30 January 2015, we detected nine male GRPCs vocalizing (booming), 
conducting breeding displays (strutting), and sparring with each other at a known 
lek site. GRPCs are known to gather intermittently at lek sites during the wintering 
months and periodic displays have been documented during mild winter weather 
throughout their range (Hamerstrom 1939; Schwartz 1945; Mohler 1952; Baker 
1953; Horak 1985; Horak and Applegate 1998; Thompson et al. 2011). Hamerstrom 

above the wet meadow north of the ridge. Vegetation on the lekking site was grazed 
the previous fall to less than 3 cm in height, leaving ample open ground. The lek was 
centered about 55 m west of a north-south oriented fence and 45 m north of an 
east-west positioned fence inside a 120 hectare pasture. This pasture had not been 
burned for three years as of 2015, but grazing had been intensive on the higher 
ridges in this pasture into the fall of 2014.  This was especially true regarding the 

eventual lekking area, as the cattle-drinker was nearby, and the upland ridge was 
dominated by vegetation species preferred by cattle including western wheatgrass 
(Pascopyrum smithii), big bluestem (Andropogon gerardii), and little bluestem 
(Schizachyrium scoparium) (Stubbendieck et al. 1992). Crane Trust biology staff found 
GRPCs in the same location in the spring of 2014; however, in 2012, 2013, and 2016 
the lek was not detected in this location, but 250 m to the northeast on a 
cattle-grazed sandy ridge in an adjacent pasture. On 22 April 2015, we conducted a 
controlled burn in the 125 hectare pasture directly south of the pasture containing 
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our study lek. On 30 April 2015, GRPCs were detected displaying at the actively 
monitored lek site as well as the newly burned area centered roughly 100 m south. 
The following week on 7 May, continuing through 20 May 2015, we observed the 
GRPCs predominantly gathering and lekking on the recently burned area. 
Year-round long term avian monitoring surveys conducted across Mormon and 
Shoemaker Islands indicate the general area described above, containing three 
separate lekking locations within 250 m, represents the only known lekking grounds 
on the Crane Trust’s property (Crane Trust unpubl. data). Lingle and Hay (1982) 
recorded wintering GRPCs during their two year (1980-1981) avian inventory of 
Mormon Island, but they did not detect GRPCs breeding in the area, suggesting that 
lekking and breeding activity may be a relatively recent phenomenon.

METHODS

 Observations began 30 January and continued until 20 May 2015. Prior to the 
initiation of our observational period, we erected a camouflaged pop-up blind 
adjacent to the fence 55 m east of the GRPC lek and observed the lek approximately 
once a week (mean = every 5.8 days; range = 2 to 10; SD = 3.1), for a minimum 
time period of one hour (mean = 1 hr 29 min; range = 1 hr to 2 hrs 5 min; SD = 28 
min), starting just before sunrise utilizing an 80 mm spotting scope. Observation 
starting times ranged from roughly 0615 hrs to 0730 hrs gradually becoming earlier 
advancing into the spring following the change in sunrise timing. Observation days 
were determined by staff availability and weather conditions were not a major factor 
in determining site visit days. One to two field personnel made a total of 21 
observations including 19 morning and two late afternoon observations. We 
employed a scan sampling method where we made passes of the lekking area and 
recorded the number of GRPCs present, their sex, and their general behavior at the 
time of our scan, including display, foraging, or loafing behavior (Altmann 1974). 
Lek attendance was determined by the maximum count of each sex recorded during 
any single scan per observation day. Display behavior based on Robb and Schroeder 
(2005) and Johnsgard (2016) were recorded. We also recorded narrative descriptions 
of the habitat conditions each week including plant regrowth as well as recent land 
management actions (controlled burning, etc.). We logged the temperature and wind 
speed at time of observation utilizing a Kestrel 3000 weather meter. Additionally, we 
summarized weather data from the nearest National Oceanic and Atmospheric 
Administration (NOAA) weather station (KHSI, 40.60056° N, -98.42583° W) located 
at the Hastings Municipal Airport, Hastings, Nebraska, approximately 21 km south 
of our research site to gauge how the winter weather in 2015 compared to historic 
averages (NOAA 2017). 

RESULTS

 We recorded a full range of male display behavior (e.g., booming, strutting, and 
sparring) during every observation from 30 January through 13 May 2015. During 
the final scheduled observation on 20 May 2015 seven male GRPCs were gathered at 
the lekking site loafing together but no lekking display behavior was documented. 

We detected the first female GRPC on 11 March 2015, and females were 
documented attending the lek during five consecutive observations through 01 April 
2015 (Figure 2). We did not detect females again until we documented them on four 
of seven observations between 22 April and 13 May 2015. During the final lek 
observation of this study on 20 May 2015, no female GRPCs were detected. We 
recorded an average of 10.8 males per survey (SD = 2.2; range = 6-14) and 0.5 
females per survey (SD = 0.7; range = 0-2; Table 1, Figure 2.). We documented the 
first signs of new green vegetation growth at the lek site on 22 March 2015 (Figure 
2).

 From 16 January through 30 January 2015, daily highs were approximately 10° 
C above average, daily average temperatures were 7.7° C above average, and daily 
lows were 5° C above average (Table 2), with temperatures reaching as high as 20.6° 
C (NOAA 2017).  However, after this warm spell, temperatures returned to levels 
more closely resembling historic daily averages for the month of February (observed: 
-3.5° C; historic: -1.1° C; Table 2). Temperatures collected in the field (Kestrel 3000 
weather meter) while observing active lekking behavior ranged from
-15.0° C on 5 March 2015, to 15.6° C on 7 May 2015 (mean: 3.5 ° C; Table 1). 

DISCUSSION

 The male GRPCs on Mormon Island began consistently lekking more than one 
month prior to the typical start of the lekking season in Nebraska and what has 
generally been published for the central Great Plains (Robb and Schroeder 2005; 
McNew et al. 2011; Johnsgard 2016; Figure 2). McNew et al. (2011) did not observe 
seasonal variation in lek attendance during their three-year study of three GRPC 

populations in Kansas, suggesting that the timing of lek attendance is relatively 
stable.  We recorded male GRPCs lekking across a span of 111 days beginning 30 
January 2015, 34 days longer than McNew et al. (2011) documented following a 2 
March start. However, Toeffer and Eng (1988) recorded radio tracked males 
beginning to return to the lekking grounds as early as 5 February (n = 1) and 10 
February (n = 2) in their study of GRPC movements within the Sheyenne National 
Grasslands in southeastern North Dakota. Additionally, experienced field biologists 
working with GRPCs in Kansas and Oklahoma have captured GRPCs on their 
lekking grounds throughout the winter months.  D. Wolfe (pers. comm., unpubl. 
data) indicated that from 1997-2000 during first capture events on lekking grounds 
they documented 19 individuals in February (one female, f); 43 in March (eight f), 
88 in April (45 f), 19 in November (three f), and 15 in December (five f).  Schroeder 
and Braun (1992) documented male lek attendance from late February to early 
June, with attendance being the most stable in March and April in their 6-year study 
of 80 leks across 301 square km of prairie in northeastern Colorado.
 
 McNew et al. (2011) found that 95% of all female lek visits were recorded within 
28 days between 20 March and 16 April. In 2015, per our observations, female 
GRPCs began consistently attending the lek on Mormon Island nine days ahead of 
this mark, from 11 March to 1 April (Figure 2). This time period likely coincided 
with mating activity prior to first clutch initiation (McNew et al. 2011; Robb and 
Schroeder 2005; Johnsgard 2016). However, female lek attendance in our study both 
predated and postdated those dates recorded by McNew et al. (2011), but are within 
the timeframe observed by D. Wolfe (pers. comm.) in Oklahoma. The female lek 
attendance dates we report herein also preceded and extended past those reported 
by Robel and Ballard (1974), which observed female GRPCs attending three separate 
leks from late March to early May on a 970 hectare prairie on the western edge of 
the Flint Hills in Kansas. Hamerstrom and Hamerstrom (1973) documented 
occasional female lek attendance beginning in late March and early April that came 
to a peak in the third to fourth week of April before dropping in the first week of 
May in their 22 year study in Wisconsin. We recorded female GRPCs attending the 
lek across a 64-day period, which is longer than most accounts of female lek 
attendance (Hamerstrom and Hamerstrom 1973; Robel and Ballard 1974; McNew 
et al. 2011). The late season female lek attendance we recorded from 22 April to 13 
May 2015 may have been prompted by significant nest failure following a controlled 
burn in the pasture immediately south of the lekking grounds (Figure 2). However, a 
second and smaller peak of female lek attendance is often documented a few weeks 
after the first as females which nested unsuccessfully return to the lekking grounds 
to remate (Hamerstrom and Hamerstrom 1973; Robb and Schroeder 2005). 

 Our documentation of consistent lek attendance for both sexes, as well as male 
display behavior, appear to be both early and extended in references to most 
published dates of GRPC activity. Research has documented periodic winter lek 
attendance and display behavior by GRPCs, however, these were often not “complete 
performances” including strutting, sparring, and booming (Hamerstrom 1939; 
Mohler 1952; Horak and Applegate 1998). Hamerstrom (1939) documented early 
lekking behavior during February thaws in Wisconsin in which GRPCs were 

physically acting out displays without vocalizing and first detected complete displays 
beginning between 2 March and 21 March during his three-year study from 1936 to 
1938 in Wisconsin. However, Schwartz (1945) documented periodic GRPC booming 
and strutting in Missouri during February of 1941 and 1942 that was interrupted by 
“periods of severe cold.” Schwartz (1945) also documented “regular” use of booming 
grounds in 1943 starting on 5 February, which represents one of the earliest records 
of consistent GRPC lekking behavior documented in the central Great Plains. We 
noted booming, strutting, and sparring consistently during our observations 
beginning on 30 January 2015. We documented six male GRPCs booming even 
under inclement cold weather conditions with temperatures as low as -14° C and 
winds reaching 24.1 kph on 18 February 2015. Our observations differ from the 
majority of accounts of winter GRPC lekking activity, with the exception of that 
reported herewith by Wolfe (see above) and those recorded by Schwartz (1945) in 
1943, as they indicate both consistent as well as complete lekking display behavior 
despite returns to cold temperatures following warm winter weather.
 
 Male GRPC lekking behavior may be cued, in part, by sustained periods of 
warm late winter and early spring weather.  Though hormonal processes triggered 
by photoperiod predominantly regulate the seasonal timing of reproductive 
behavior in birds, temperature and other environmental cues (forage, etc.) have 
been found to aid in the fine scale determination of these annual cycles (Wingfield et 
al. 2003; Dawson 2008). It is possible that early and consistent lekking behavior 
occasionally occurs throughout the GRPC’s range following extended periods of 
mild winter weather, and has not been sufficiently documented in the scientific 
literature (D. Wolfe pers. comm.). Moreover, it is likely that different geographical 
populations, even at the same latitude, exhibit significant temporal variation 
regarding the initiation of lekking behavior with some populations being more 
prone to consistent early display behavior than others (Sharpe et al. 2001; Conklin et 
al. 2013). Stable lekking grounds, which are regularly used across years as opposed 
to intermittently or ephemerally utilized sites, may be more likely to support 
periodic or sustained winter lekking behavior. Stable lekking grounds have 
comparatively high male lek attendance and are more likely to support some level of 
GRPC activity in all months of the year aside from August and July (Schroeder and 
Braun 1992; Horak and Applegate 1998). Our study lek was documented yearly 
from 2012 to 2017 within the same 250 m2 area of Mormon Island. Additionally, we 
recorded a male lek attendance per survey in 2015 (mean = 10.8) characteristic of 
stable lekking grounds (Schroeder and Braun 1992). This study marks the earliest 
record of consistent GRPC lekking behavior within the central Great Plains 
documented in the scientific literature to our knowledge. Our observations also 
suggest that an early start to male display behavior may not simply represent a 
temporal advance of the lekking season but also an extension of its duration. Further 
research is needed to determine if winter GRPC lekking behavior is a widespread 
phenomenon during unseasonably warm winter weather. If our observations 
represent a common occurrence throughout the GRPC’s range, increased warming 
trends may alter the lekking phenology of GRPCs with unknown impacts (Bradley et 
al. 1999; Charmantier and Gienapp 2014).
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(1939) indicated that winter displays are often incomplete with limited vocalization 
and sparring, though active displaying has been observed in winter in Kansas and 
Oklahoma (E. A. Young and D. Wolfe pers. comm.).  There is a paucity of published 
data on display behavior beginning in the winter months (December to January) and 
persisting through the end of the normal breeding season (Hamerstrom 1939; 
Mohler 1952; Schwartz 1945; Baker 1953). Additionally, this observation was made in 
central Nebraska, in the center of the GRPC’s current latitudinal range where lekking 
usually begins later than in the GRPC’s southern range (Robb and Schroeder 2005; 
Johnsgard 2016). In a three-year study of GRPC breeding phenology in the Flint 
Hills of Kansas, McNew et al. (2011) found males attending leks from 2 March to 19 
May and females attending leks from 20 March to 16 April, with peak attendance of 
both sexes in early April. Robb and Schroeder (2005) reported that GRPC lekking 
activity is generally documented from early March to early June throughout their 
geographical range. However, Thompson et al. (2011) indicated up to 100 males 
gather on booming grounds in Kansas starting in February, and Young (pers. comm.) 
observed display behaviors in January-February in the southern Flint Hills region 
during the 1980’s and early 1990’s when populations were more robust. Our 
objective in monitoring this lek was to determine if early lekking behavior was a 
temporary phenomenon, or if this lekking behavior once initiated, would continue 
uninterrupted through the 2015 breeding season given the atypically mild winter 
temperatures recorded in January (NOAA 2017 ). 

STUDY AREA

 Mormon Island (40.797163° N, -98.417318° W; Figure 1) consists of 1100 
hectares of primarily relict lowland tallgrass prairie and wet meadow habitat 
containing scattered upland sandy ridges and riparian, cottonwood (Populus deltoides) 
dominated, woodlands bordered to both the north and south by channels of the 
Platte River (Currier 1982, 1989, Nagel and Kolstad 1987). Just to its west, 
Shoemaker Island consists of 850 hectares of upland tallgrass prairie, woodlands, and 
interspersed wet meadows and sloughs. The adjacent Mormon and Shoemaker 
islands are owned and managed by the Crane Trust, a small private non-profit 
conservation organization aimed at preserving habitat for Whooping Cranes (Grus 
americana) and other migratory birds along the Big Bend of the Platte River 
(VanDerwalker 1981). The landscape has been managed with rotational cattle grazing 
(rested every 3-4 yrs) and prescribed fire (burned every 4-5 yrs) to mimic historic 
disturbance regimes, maintain a variety of habitats in different successional stages, 
and promote native and endemic biodiversity (Currier 1982; Briggs et al. 2005; 
Fuhlendorf et al. 2009).  This area constitutes the largest contiguous expanse of 
riverine prairie remaining along the Big Bend of the Platte River, providing habitat 
for an isolated breeding population of GRPCs approximately 40 km from the nearest 
consistent booming grounds in northwest Hall County (Lingle et al. 1994; Svedarsky 
et al. 2000; Sharpe et al. 2001; Johnsgard 2016). 

 The study lek on Mormon Island was located approximately 60 m from a 
cattle-drinker in short, heavily grazed, upland vegetation on a sandy ridge rising 1 m 
to 1.25 m in elevation above the lowland tallgrass prairie to the south and about 1.5 m 
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ABSTRACT
 We detected 9 adult male Greater Prairie-Chickens (Tympanuchus cupido pinnatus) 
actively lekking on 30 January of 2015 and monitored the lek once per week to 
determine if lekking behavior would continue uninterrupted through the typical 
lekking season from early March through late May. We documented lekking 
behavior, male and female lek attendance, habitat information, and weather data 
from 30 January to 20 May 2015 (21 observations). Male lekking behavior was 
documented during every observation throughout the study period except for the 
final observation on 20 May. Additionally, female Greater Prairie-Chickens were 
documented attending the lek as early as 11 March. We provide evidence of an early 
and extended lekking season in Nebraska.

INTRODUCTION

 During the week of 19 January through 23 January 2015, biologists conducting 
land management work flushed three Greater Prairie-Chickens (Tympanuchus cupido 
pinnatus; GRPC) from the center of Mormon Island, Hall County, Nebraska (Figure 
1). Following the early detection of multiple GRPCs in an appropriate lekking 
location, we began monitoring the area on a weekly basis for potential lekking 
activity. On 30 January 2015, we detected nine male GRPCs vocalizing (booming), 
conducting breeding displays (strutting), and sparring with each other at a known 
lek site. GRPCs are known to gather intermittently at lek sites during the wintering 
months and periodic displays have been documented during mild winter weather 
throughout their range (Hamerstrom 1939; Schwartz 1945; Mohler 1952; Baker 
1953; Horak 1985; Horak and Applegate 1998; Thompson et al. 2011). Hamerstrom 

above the wet meadow north of the ridge. Vegetation on the lekking site was grazed 
the previous fall to less than 3 cm in height, leaving ample open ground. The lek was 
centered about 55 m west of a north-south oriented fence and 45 m north of an 
east-west positioned fence inside a 120 hectare pasture. This pasture had not been 
burned for three years as of 2015, but grazing had been intensive on the higher 
ridges in this pasture into the fall of 2014.  This was especially true regarding the 

eventual lekking area, as the cattle-drinker was nearby, and the upland ridge was 
dominated by vegetation species preferred by cattle including western wheatgrass 
(Pascopyrum smithii), big bluestem (Andropogon gerardii), and little bluestem 
(Schizachyrium scoparium) (Stubbendieck et al. 1992). Crane Trust biology staff found 
GRPCs in the same location in the spring of 2014; however, in 2012, 2013, and 2016 
the lek was not detected in this location, but 250 m to the northeast on a 
cattle-grazed sandy ridge in an adjacent pasture. On 22 April 2015, we conducted a 
controlled burn in the 125 hectare pasture directly south of the pasture containing 
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our study lek. On 30 April 2015, GRPCs were detected displaying at the actively 
monitored lek site as well as the newly burned area centered roughly 100 m south. 
The following week on 7 May, continuing through 20 May 2015, we observed the 
GRPCs predominantly gathering and lekking on the recently burned area. 
Year-round long term avian monitoring surveys conducted across Mormon and 
Shoemaker Islands indicate the general area described above, containing three 
separate lekking locations within 250 m, represents the only known lekking grounds 
on the Crane Trust’s property (Crane Trust unpubl. data). Lingle and Hay (1982) 
recorded wintering GRPCs during their two year (1980-1981) avian inventory of 
Mormon Island, but they did not detect GRPCs breeding in the area, suggesting that 
lekking and breeding activity may be a relatively recent phenomenon.

METHODS

 Observations began 30 January and continued until 20 May 2015. Prior to the 
initiation of our observational period, we erected a camouflaged pop-up blind 
adjacent to the fence 55 m east of the GRPC lek and observed the lek approximately 
once a week (mean = every 5.8 days; range = 2 to 10; SD = 3.1), for a minimum 
time period of one hour (mean = 1 hr 29 min; range = 1 hr to 2 hrs 5 min; SD = 28 
min), starting just before sunrise utilizing an 80 mm spotting scope. Observation 
starting times ranged from roughly 0615 hrs to 0730 hrs gradually becoming earlier 
advancing into the spring following the change in sunrise timing. Observation days 
were determined by staff availability and weather conditions were not a major factor 
in determining site visit days. One to two field personnel made a total of 21 
observations including 19 morning and two late afternoon observations. We 
employed a scan sampling method where we made passes of the lekking area and 
recorded the number of GRPCs present, their sex, and their general behavior at the 
time of our scan, including display, foraging, or loafing behavior (Altmann 1974). 
Lek attendance was determined by the maximum count of each sex recorded during 
any single scan per observation day. Display behavior based on Robb and Schroeder 
(2005) and Johnsgard (2016) were recorded. We also recorded narrative descriptions 
of the habitat conditions each week including plant regrowth as well as recent land 
management actions (controlled burning, etc.). We logged the temperature and wind 
speed at time of observation utilizing a Kestrel 3000 weather meter. Additionally, we 
summarized weather data from the nearest National Oceanic and Atmospheric 
Administration (NOAA) weather station (KHSI, 40.60056° N, -98.42583° W) located 
at the Hastings Municipal Airport, Hastings, Nebraska, approximately 21 km south 
of our research site to gauge how the winter weather in 2015 compared to historic 
averages (NOAA 2017). 

RESULTS

 We recorded a full range of male display behavior (e.g., booming, strutting, and 
sparring) during every observation from 30 January through 13 May 2015. During 
the final scheduled observation on 20 May 2015 seven male GRPCs were gathered at 
the lekking site loafing together but no lekking display behavior was documented. 

We detected the first female GRPC on 11 March 2015, and females were 
documented attending the lek during five consecutive observations through 01 April 
2015 (Figure 2). We did not detect females again until we documented them on four 
of seven observations between 22 April and 13 May 2015. During the final lek 
observation of this study on 20 May 2015, no female GRPCs were detected. We 
recorded an average of 10.8 males per survey (SD = 2.2; range = 6-14) and 0.5 
females per survey (SD = 0.7; range = 0-2; Table 1, Figure 2.). We documented the 
first signs of new green vegetation growth at the lek site on 22 March 2015 (Figure 
2).
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 From 16 January through 30 January 2015, daily highs were approximately 10° 
C above average, daily average temperatures were 7.7° C above average, and daily 
lows were 5° C above average (Table 2), with temperatures reaching as high as 20.6° 
C (NOAA 2017).  However, after this warm spell, temperatures returned to levels 
more closely resembling historic daily averages for the month of February (observed: 
-3.5° C; historic: -1.1° C; Table 2). Temperatures collected in the field (Kestrel 3000 
weather meter) while observing active lekking behavior ranged from
-15.0° C on 5 March 2015, to 15.6° C on 7 May 2015 (mean: 3.5 ° C; Table 1). 

DISCUSSION

 The male GRPCs on Mormon Island began consistently lekking more than one 
month prior to the typical start of the lekking season in Nebraska and what has 
generally been published for the central Great Plains (Robb and Schroeder 2005; 
McNew et al. 2011; Johnsgard 2016; Figure 2). McNew et al. (2011) did not observe 
seasonal variation in lek attendance during their three-year study of three GRPC 

populations in Kansas, suggesting that the timing of lek attendance is relatively 
stable.  We recorded male GRPCs lekking across a span of 111 days beginning 30 
January 2015, 34 days longer than McNew et al. (2011) documented following a 2 
March start. However, Toeffer and Eng (1988) recorded radio tracked males 
beginning to return to the lekking grounds as early as 5 February (n = 1) and 10 
February (n = 2) in their study of GRPC movements within the Sheyenne National 
Grasslands in southeastern North Dakota. Additionally, experienced field biologists 
working with GRPCs in Kansas and Oklahoma have captured GRPCs on their 
lekking grounds throughout the winter months.  D. Wolfe (pers. comm., unpubl. 
data) indicated that from 1997-2000 during first capture events on lekking grounds 
they documented 19 individuals in February (one female, f); 43 in March (eight f), 
88 in April (45 f), 19 in November (three f), and 15 in December (five f).  Schroeder 
and Braun (1992) documented male lek attendance from late February to early 
June, with attendance being the most stable in March and April in their 6-year study 
of 80 leks across 301 square km of prairie in northeastern Colorado.
 
 McNew et al. (2011) found that 95% of all female lek visits were recorded within 
28 days between 20 March and 16 April. In 2015, per our observations, female 
GRPCs began consistently attending the lek on Mormon Island nine days ahead of 
this mark, from 11 March to 1 April (Figure 2). This time period likely coincided 
with mating activity prior to first clutch initiation (McNew et al. 2011; Robb and 
Schroeder 2005; Johnsgard 2016). However, female lek attendance in our study both 
predated and postdated those dates recorded by McNew et al. (2011), but are within 
the timeframe observed by D. Wolfe (pers. comm.) in Oklahoma. The female lek 
attendance dates we report herein also preceded and extended past those reported 
by Robel and Ballard (1974), which observed female GRPCs attending three separate 
leks from late March to early May on a 970 hectare prairie on the western edge of 
the Flint Hills in Kansas. Hamerstrom and Hamerstrom (1973) documented 
occasional female lek attendance beginning in late March and early April that came 
to a peak in the third to fourth week of April before dropping in the first week of 
May in their 22 year study in Wisconsin. We recorded female GRPCs attending the 
lek across a 64-day period, which is longer than most accounts of female lek 
attendance (Hamerstrom and Hamerstrom 1973; Robel and Ballard 1974; McNew 
et al. 2011). The late season female lek attendance we recorded from 22 April to 13 
May 2015 may have been prompted by significant nest failure following a controlled 
burn in the pasture immediately south of the lekking grounds (Figure 2). However, a 
second and smaller peak of female lek attendance is often documented a few weeks 
after the first as females which nested unsuccessfully return to the lekking grounds 
to remate (Hamerstrom and Hamerstrom 1973; Robb and Schroeder 2005). 

 Our documentation of consistent lek attendance for both sexes, as well as male 
display behavior, appear to be both early and extended in references to most 
published dates of GRPC activity. Research has documented periodic winter lek 
attendance and display behavior by GRPCs, however, these were often not “complete 
performances” including strutting, sparring, and booming (Hamerstrom 1939; 
Mohler 1952; Horak and Applegate 1998). Hamerstrom (1939) documented early 
lekking behavior during February thaws in Wisconsin in which GRPCs were 

physically acting out displays without vocalizing and first detected complete displays 
beginning between 2 March and 21 March during his three-year study from 1936 to 
1938 in Wisconsin. However, Schwartz (1945) documented periodic GRPC booming 
and strutting in Missouri during February of 1941 and 1942 that was interrupted by 
“periods of severe cold.” Schwartz (1945) also documented “regular” use of booming 
grounds in 1943 starting on 5 February, which represents one of the earliest records 
of consistent GRPC lekking behavior documented in the central Great Plains. We 
noted booming, strutting, and sparring consistently during our observations 
beginning on 30 January 2015. We documented six male GRPCs booming even 
under inclement cold weather conditions with temperatures as low as -14° C and 
winds reaching 24.1 kph on 18 February 2015. Our observations differ from the 
majority of accounts of winter GRPC lekking activity, with the exception of that 
reported herewith by Wolfe (see above) and those recorded by Schwartz (1945) in 
1943, as they indicate both consistent as well as complete lekking display behavior 
despite returns to cold temperatures following warm winter weather.
 
 Male GRPC lekking behavior may be cued, in part, by sustained periods of 
warm late winter and early spring weather.  Though hormonal processes triggered 
by photoperiod predominantly regulate the seasonal timing of reproductive 
behavior in birds, temperature and other environmental cues (forage, etc.) have 
been found to aid in the fine scale determination of these annual cycles (Wingfield et 
al. 2003; Dawson 2008). It is possible that early and consistent lekking behavior 
occasionally occurs throughout the GRPC’s range following extended periods of 
mild winter weather, and has not been sufficiently documented in the scientific 
literature (D. Wolfe pers. comm.). Moreover, it is likely that different geographical 
populations, even at the same latitude, exhibit significant temporal variation 
regarding the initiation of lekking behavior with some populations being more 
prone to consistent early display behavior than others (Sharpe et al. 2001; Conklin et 
al. 2013). Stable lekking grounds, which are regularly used across years as opposed 
to intermittently or ephemerally utilized sites, may be more likely to support 
periodic or sustained winter lekking behavior. Stable lekking grounds have 
comparatively high male lek attendance and are more likely to support some level of 
GRPC activity in all months of the year aside from August and July (Schroeder and 
Braun 1992; Horak and Applegate 1998). Our study lek was documented yearly 
from 2012 to 2017 within the same 250 m2 area of Mormon Island. Additionally, we 
recorded a male lek attendance per survey in 2015 (mean = 10.8) characteristic of 
stable lekking grounds (Schroeder and Braun 1992). This study marks the earliest 
record of consistent GRPC lekking behavior within the central Great Plains 
documented in the scientific literature to our knowledge. Our observations also 
suggest that an early start to male display behavior may not simply represent a 
temporal advance of the lekking season but also an extension of its duration. Further 
research is needed to determine if winter GRPC lekking behavior is a widespread 
phenomenon during unseasonably warm winter weather. If our observations 
represent a common occurrence throughout the GRPC’s range, increased warming 
trends may alter the lekking phenology of GRPCs with unknown impacts (Bradley et 
al. 1999; Charmantier and Gienapp 2014).
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