
CHAPTER SIXTEEN

Regional Variation in Nesting Success of Lesser Prairie-Chickens

Eddie K. Lyons, Ryan S. Jones, John P. Leonard, Benjamin E. 
Toole, Robert A. McCleery, Roel R. Lopez, Markus J. Peterson, 

Stephen J. DeMaso, and Nova J. Silvy

Abstract. Declines in Lesser Prairie-Chicken 
( Tympanuchus pallidicinctus) populations have 
been attributed to loss or fragmentation of habi-
tat and conversion of native prairie to agricultural 
cropland, and have been exacerbated by improper 
grazing practices and drought. Loss of adequate 
vegetation for nesting and brooding of Lesser 
 Prairie-Chickens have accelerated  population 
declines observed in the Texas Panhandle. We 
monitored 114 female radio-marked Lesser 
 Prairie-Chickens in the Texas Panhandle from 
2001 to 2007 to determine if nest success differed 
in two regions (northeastern and southwestern) 
of the Texas Panhandle. We used an information-
 theoretic approach to test hypotheses explain-
ing  differences in nest success of Lesser Prairie-
 Chickens in each region. To evaluate differences 
between successful and unsuccessful nests, we 
measured vegetative height, plant species at nest, 
and visual obstruction readings (VOR) at each nest 
and at random points. Nest success was significantly 
(P � 0.040) lower in the southwestern region 
(38%) compared to the northeastern region (67%). 
Evaluating factors influencing nest success, we 
found that parameters examined did not explain 

differences in nesting success. However, we 
found nest locations had higher VOR then ran-
dom sites in both the northeastern (x− � 35 cm, 
SE � 2.3 vs. 21 cm, SE � 2.4) and southwestern 
(x− � 18 cm, SE � 2.4 vs. 10 cm, SE � 1.1) regions. 
Height at nest locations (x− � 44 cm, SE � 1.7) was 
greater than at random sites (x− � 32 cm, SE � 1.8) 
for the southwestern region, but not the north-
eastern region (x− � 52 cm, SE � 3.9; x− � 60 cm, 
SE � 8.2, respectively). Height and VOR at both 
nest sites and random locations were higher in 
the northeastern region than in the southwest-
ern region, indicating more cover and possibly 
explaining the greater nest success in the north-
eastern region. The effects of drought appeared to 
affect nesting attempts, nest success, and renest-
ing in both regions during our study. To increase 
populations of Lesser Prairie-Chickens in Texas, 
we recommend managers focus on providing veg-
etation with adequate height and visual structure 
for successful nesting. 
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 Pinnated grouse (Tympanuchus spp.) popula-
tions have declined throughout their range, 
and many are considered species of concern 

(Storch 2007). Declines in distribution and abun-
dance of Sharp-tailed Grouse (T. phasianellus), 
Greater Prairie-Chicken (T. cupido), and Lesser 
Prairie-Chicken (T. pallidicinctus) populations have 
been extensively documented (Taylor and Guthery 
1980, Johnsgard 1983, Schroeder and Robb 1993, 
Connelly et al. 1998, Silvy et al. 2004). Given their 
historically small range, relatively small population 
sizes, and continued declines in abundance, Lesser 
Prairie-Chickens were listed as a candidate spe-
cies in 1998 by the U.S. Fish and Wildlife Service 
( Federal Register 1998, Hagen and Giesen 2005) 
and placed on the International Union for Conser-
vation of Nature and Natural Resources (IUCN) red 
list in 2004 (IUCN 2004, Storch 2007). Declines in 
Lesser Prairie-Chicken abundance have been attrib-
uted to habitat fragmentation, improper livestock 
grazing, and land conversion from rangelands to 
agricultural cropland (Crawford 1980, Taylor and 
Guthery 1980, Hagen et al. 2004).
 Historically, Lesser Prairie-Chickens occu-
pied rangelands throughout the Texas panhandle 
( Oberholser 1974, Litton et al. 1994). Changing 
land-use practices have left Lesser Prairie- Chickens 
in ranges dominated by woody species such as shin-
nery oak (Quercus havardii),  resulting in small, iso-
lated populations (McCleery et al. 2007). The extant 
range, in Texas, consists of two disjunct meta-
 populations in portions of �11 counties (Taylor and 
Guthery 1980, Sullivan et al. 2000, Silvy et al. 2004). 
The majority of birds are located in the  northeastern 

portion of the Texas Panhandle in native prairie 
dominated by bunchgrasses with small amounts 
of sand sagebrush (Artemisia filifolia), and a second 
smaller population inhabiting shinnery oak range-
lands of the southwestern Panhandle.
 Although the mechanisms responsible for 
declining Lesser Prairie-Chicken abundance are 
not completely understood, previous research on 
other prairie grouse has found nest success and 
brood survival to be significant factors influenc-
ing grouse numbers (Bergerud and Gratson 1988, 
Peterson and Silvy 1996). Numerous studies 
have documented nest success of Lesser Prairie-
 Chickens across their range in varying habi-
tats (Sell 1979, Haukos 1988, Hagen et al. 2004, 
Hagen and Giesen 2005), but no recent studies 
have evaluated nest success in the two remaining 
Lesser Prairie-Chicken populations in Texas. 
 Because of uncertainty surrounding recovery 
efforts, we initiated field studies to determine 
whether Lesser Prairie-Chicken nest success 
differed between two populations in separate 
regions of the Texas Panhandle. The objectives of 
our study were to (1) investigate spatial variation 
in the nest success of Lesser Prairie-Chickens, 
and (2) determine what vegetation components 
may influence nest success in two Lesser Prairie-
Chicken populations in different habitats.

STUDY AREAS

We conducted our study from April 2001 through 
August 2007 in two areas in the Texas Panhandle 
(Fig. 16.1). In 2001, trapping sites were located in 

Figure 16.1. Current distribu-
tion (black) of Lesser Prairie-
Chickens in 11 counties of 
Texas (after Silvy et al. 2004). 
Gray areas indicate counties 
where our study areas were 
located, 2001–2007. 
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portions of Hemphill (36�01� N, 100�11� W) and 
Wheeler (35�33� N, 100�06� W) counties (north-
eastern region). In 2002, we expanded trapping to 
include the southern portion of Lipscomb County 
(36�07� N, 100�03� W), Texas, and added Yoakum 
and southern Cochran counties (33�23� N, 102�
50� W) (southwestern region) in 2003. 
 The northeastern region was dominated by 
native prairie with sand sagebrush as the domi-
nant woody species, with lesser amounts of 
Chickasaw plum (Prunus angustifolia) and fra-
grant sumac (Rhus aromatica). The southwest-
ern region was dominated by shinnery oak with 
small amounts of sand sagebrush. Both regions 
contained similar grass and forb associations, 
as described by Jackson and DeArment (1963). 
However, the southwestern region had vegeta-
tive cover of 50% woody vegetation (83% shin-
nery oak and 17% sand sagebrush), 11% grass, 
2% forbs, and 37% bare ground ( Leonard 2008), 
whereas the northeastern region had 2% woody 
vegetation, 44% grass, 4% forbs, 35% bare 
ground, and 15% litter (Toole 2005).  Common 
herbaceous species in both regions included 
little bluestem ( Schizachyrium scoparium), big 
bluestem ( Andropogon gerardii), sand bluestem 
(A. hallii), sand lovegrass ( Eragrostis tichodes), sand 
dropseed (Sporobolus cryptandrus), and three awn 
(Aristida spp.).  Common forbs included camphor-
weed (Heterotheca pilosa), Texas croton (Croton 
 texensis), western ragweed ( Ambrosia psilostachya), 
and queensdelight ( Stillingia sylvatica). Taxonomic 
nomenclature follows Gould (1962).
 Our study areas ranged from 5,000 to 18,000 ha 
and were bordered by center-pivot irrigated crop-
land, Conservation Reserve Program lands (CRP), 
and grazed rangelands. Primary land uses were 
ranching and natural gas and oil extraction. Envi-
ronmental conditions were similar across both 
study regions. Average precipitation across the 
regions was approximately 48 cm/year during our 
study (NOAA 2009). A severe drought occurred at 
both sites in 2003 (NOAA 2009). 

METHODS

Data Collection

We captured female Lesser Prairie-Chickens using 
non-explosive Silvy drop nets (Silvy et al. 1990) 
on leks prior to and during the breeding season 
from late March to 1 June during 2001 through 

2007. At capture, we identified birds as yearling or 
adult based on shape, wear, and coloration of the 
ninth and tenth primaries (Amman 1944, Cope-
lin 1963). We equipped each female with a num-
bered leg band, and a 12–15-g battery-powered, 
mortality-sensitive radio transmitter. We used 
two models of necklace-style radio transmitters: 
non-adjustable collar-style radio transmitters with 
fixed-loop antennas (Telemetry Solutions, Walnut 
Creek, CA) and adjustable collar-style transmit-
ters with whip antennas (Wildlife Materials Inc., 
Carbondale, IL).
 We monitored Lesser Prairie-Chickens a mini-
mum of three days per week throughout the study 
using vehicle-mounted five-element Yagi anten-
nas. Observations were increased to �5 times 
per week during the spring and early summer to 
allow better monitoring of nesting activity. Nests 
were located on foot using three-element hand-
held Yagi antennas after hen locations remained 
unchanged for approximately three days. We 
recorded clutch size if the hen flushed off the 
nest, but did not intentionally flush hens to obtain 
these data. We marked each nest with a handheld 
global positioning system unit, and nest sites were 
not visited again until the hen left the nest or was 
depredated. At that time, we relocated nests and 
identified their fate as abandoned, destroyed, or 
hatched.
 After nest fate was identified, we measured 
nest site characteristics to evaluate differences 
between vegetation characteristics at success-
ful and unsuccessful nests. At each nest site, we 
recorded vegetative height (of tallest material) in 
centimeters and species of plant providing cover 
to the nest bowl. We also used a range pole (Robel 
et al. 1970), demarked at 10-cm (1-dm) intervals, 
to estimate visual obstruction readings (VOR) 
placed in the center of the nest bowl and viewed 
from a height of 1 m and a distance of 4 m in 
four cardinal directions. We also collected VOR 
measurements from random points by determin-
ing a random direction (1 of 8 cardinal directions) 
and random distance (200–800 m in 100-m incre-
ments) to evaluate differences in vegetation at the 
nest compared to random locations.

Statistical Analysis

We evaluated vegetation differences between suc-
cessful (incubating females with �1 egg hatched) 
and unsuccessful nests for each region separately 
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before they nested, tw0 radios stopped transmit-
ting (may have been destroyed during predation) 
before nests were located, and 12 did not nest 
(7 during the 2003 drought) or had nests destroyed 
during laying. Twenty hens incubated 21 first 
nests and one renest, of which 14 hatched, 2 were 
abandoned, 5 were destroyed by predators, and 
one hen was killed near presumed hatch date but 
the nest could not be relocated to determine nest 
fate. Mean hatching date for first nests (n � 11) 
in the northeastern region was 24 May (95% CI � 
18–30 May). Apparent nesting rate for the north-
eastern Texas Panhandle was 63% and apparent 
nest success was 67%. Maximum likelihood daily 
nest survival was 0.983 (SE � 0.006) and calculated 
laying–incubation period (36 days) survival was 
54% (95% CI � 31–78%) for the northeastern 
region. Of the eight females that were unsuc-
cessful, five were killed while nesting, and of the 
three available to renest (number starting second 
nest after first nest failed), two had first nests 
destroyed late in incubation and only one renested 
during the study. All nests in the northeastern 
Texas Panhandle were located in clumps of little 
bluestem. 
 In the southwestern Texas Panhandle, we 
trapped and radio-monitored 65 female Lesser 
Prairie-Chickens from 2003 through 2007. Of 
these 65 females, four lost radios before nests 
were located, five were killed by predators before 
they nested, four radios stopped transmitting 
(may have been destroyed during predation) 
before nests were located, and 20 did not nest 
or had nests destroyed during laying. A total of 
32 incubated first nests and three renests (one 
hen was captured late in breeding season with 
brood patch; therefore, the nest was considered a 
renest), of which 13 hatched, 2 were abandoned, 
and 19 were destroyed by predators. Mean date 
of hatch for first nests in the southeastern region 
was 25 May (95% CI � 20–30 May). Two renests 
in the southwestern region hatched on 5 and 
7 July. Overall nesting rate for the southwestern 
Texas  Panhandle was 62% and nest success was 
38%. Maximum likelihood daily nest survival 
was 0.965 (SE � 0.007) and calculated laying– 
incubation period (36 days) survival was 29% 
(95% CI � 16–46%) for the southwestern region. 
The majority of nests (31) were established under 
woody shrubs. Twenty-two hens used sand sage-
brush for nest cover, while nine nests were estab-
lished under shinnery oak plants. Five of the 

using logistic regression (PROC GENMOD, 
SAS version 9.1; SAS Institute, Inc., Cary, NC; 
dependent variable � nest success, independ-
ent variables � candidate models). We compared 
candidate models using an information-theoretic 
approach (Burnham and Anderson 2002). We 
used this approach to evaluate the influence of 
temporal factors (Year) as well as characteristics of 
the nest, including VOR, height of plants at nest 
bowl (Height), and the species of plant providing 
cover to the nest bowl (Species). These four vari-
ables were combined into eight candidate models: 
(1) Global (all four variables considered without 
interactions), (2) Null (intercept only model), 
(3) Year, (4) Height, (5) VOR, (6) Species covering 
the nest, (7) VOR � Height, and (8) Species cov-
ering the nest * Height (the interactive effects of 
these two variables). We evaluated the fit of each 
model using Akaike weights (wi) and Akaike’s 
Information Criterion corrected for small sam-
ple size (AICc; Simonoff 2003), and considered 
models with a ΔAICc �2 as equally parsimonious 
 models (Burnham and Anderson 2002). 
 We calculated apparent nesting rate (hens for 
which we found nests divided by number of hens 
available to nest), apparent nest success (of nests 
found, percent hatching at least 1 egg), and daily 
nest survival using a maximum likelihood esti-
mator of the survival rate (Bart and Robson 1982) 
using the software routines of Krebs (1999). We 
used the mean laying period (11 days, assuming 
mean clutch size of 11 eggs with 1 egg laid/day) 
and mean incubation period (25 days) to esti-
mate nest survival across the laying–incubation 
period (36 days). Variances were approximated for 
daily nest survival (36-day period) using the delta 
method (Powell 2007). Additionally, we used a 
chi-square test to determine if differences existed 
in frequency of successful and unsuccessful nests 
between regions and t-tests to determine whether 
differences existed in the VOR and height of veg-
etation between nest bowls and random sites and 
between regions. 

RESULTS

We trapped 114 female Lesser Prairie-Chickens 
over the course of the study; 52 hens produced 57 
nests of which 27 (47%) were successful. Of 40 
females trapped in the northeastern region (2001–
2003), four lost their radio transmitters before 
nests were located, two were killed by predators 
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nests under woody shrubs also had bunchgrasses 
(little bluestem and threeawn) associated with 
the nest bowl. The remaining three nests were 
established in grass and other vegetation (one in 
weeping lovegrass,  Eragrostis curvula, CRP; one in 
little bluestem; and one under a Buckley’s yucca, 
Yucca constricta). 
 Apparent nest success in the northeastern 
region (67%, 95% CI � 43–85%) differed sig-
nificantly (χ2 � 4.199, df � 1, P � 0.040) from 
that in the southwestern region (38%, 95% CI � 
22–56%); however, maximum likelihood daily 
survival estimates (0.983 and 0.965, respectively, 
for northeastern and southwestern regions) did 
not differ (χ2 � 3.288, df � 1, P � 0.070) between 
regions. Evaluating factors influencing nest suc-
cess for each region, we found the Null model had 
the lowest AIC value among the candidate mod-
els, indicating that it was the best fit for the data. 
Additionally, the 95% CIs of parameter estimates 
for all parameters in both regions contained zero. 
These combined findings indicated that parame-
ters examined did not explain differences in nest-
ing success. Models including the species of plant 
providing cover to the nest bowl were eliminated 
from the analysis of the northeastern region 
because all nests were covered by little bluestem. 
 In the northeastern region, VOR was signifi-
cantly (t � 5.49, P � 0.001) higher at nest sites 
(x− � 35 cm) than at random sites (x− � 21 cm; 
Table 16.1). Similarly, VOR also was significantly 
(t � 3.55, P � 0.001) higher at nest sites (x− � 18 cm)
than at random sites (x− � 10 cm) in the south-
western region. However, VOR at the nest bowl 
and at random points in the northeastern region 
was significantly higher than at the nest bowl and 

 random sites in the southwestern region (t � –5.19, 
P � 0.001 and t � –4.00, P � 0.001, respectively). 
 Vegetation height (x− � 44 cm) at the nest bowl 
in the southwestern region (Table 16.1) was sig-
nificantly (t � 4.28, P � 0.001) higher than at ran-
dom sites (x− � 36 cm), whereas vegetation height 
(x− � 52 cm) at the nest bowl in the northeastern 
region was not significantly (t � –0.93, P � 0.360) 
different than at random sites (x− � 60 cm). 
 Vegetation height at the nest bowl in the north-
eastern region was not significantly (t � –1.77, 
P � 0.089) different than in the southwestern 
region, but vegetation height at random points in 
the  northeastern region was significantly (t � 2.90, 
P � 0.009) higher than at random points in the 
southwestern region (Table 16.1).

DISCUSSION

Nest success of Lesser Prairie-Chickens dur-
ing our study was higher (47%) than some esti-
mates from other portions of this species’ range 
(27%,  Merchant 1982; 28%, Riley et al. 1992; 
26%,  Pitman et al. 2006). Riley (1978), Patten 
et al. (2005), and Fields et al. (2006), however, 
 documented quite similar apparent nest success 
(47%, 41%, and 48%, respectively), and Copelin 
(1963) and Davis (2009) reported higher values 
(67% and 76%, respectively). Merchant (1982) 
documented 54% nest success during a year of 
average precipitation, whereas no nests were suc-
cessful during a severe drought year. Hagen and 
Giesen (2005) estimated nest success of Lesser 
Prairie-Chickens at 28% based on ten studies con-
ducted throughout this species’ range, although 
they cautioned that these results may have been 

TABLE 16.1
Means and 95% confi dence limits (in parentheses) for height and visual obstruction readings (VOR) at nest bowl and random 

sites at successful and unsuccessful Lesser Prairie-Chicken nests by region, Texas Panhandle, 2001–2007.

Region/Fate n VOR at Nests VOR at Random Height at Nests Height at Random

Northeastern 21 35 (31–39) 21 (16–26) 52 (44–60) 60 (44–76)

 Successful 14 36 (31–41) 19 (14–25) 51 (43–59) 68 (53–84)

 Unsuccessful  7 35 (24–45) 24 (23–25) 53 (34–72) 50 (38–61)

Southwestern 32 18 (13–23) 10 (8–12) 44 (41–47) 36 (32–40)

 Successful 12 20 (14–26) 10 (7–13) 45 (42–48) 38 (27–48)

 Unsuccessful 20 17 (10–24) 10 (7–13) 43 (38–49) 31 (26–36)
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 At a regional scale, we found that Lesser Prairie-
Chicken nests in the northeastern Texas Panhan-
dle were more successful than those in the south-
eastern Panhandle. The southwestern region was 
dominated by woody vegetation (shinnery oak), 
whereas the northeastern region was dominated 
by grass (bunchgrasses). The southwestern region 
also had less grass groundcover (11%) than did the 
northeastern region (44%), where all nests were 
located in little bluestem clumps, even though 
woody plants (e.g., sand sagebrush, shinnery oak, 
and plum) as tall or taller than the little bluestem 
clumps were observed in 69% of 153 (m2) vegeta-
tion plots (Toole 2005, Leonard 2008). It appears 
that in areas where sufficient bunchgrasses are 
present, Lesser Prairie-Chickens prefer to nest in 
bunchgrasses (Jones 2009). Cannon and Knopf 
(1981) found that Lesser Prairie-Chicken densi-
ties were positively correlated with percent grass 
cover and negatively correlated with brush fre-
quency and density in shinnery oak grassland. 
Lesser Prairie-Chicken populations in Kansas are 
known to inhabit grass prairies generally devoid 
of brush (Fields et al. 2006, Pitman et al. 2006). 
 Although there were no differences in VOR at 
successful and unsuccessful nests within either 
the northeastern and southwestern regions, 
the mean VOR from random points in the 
 southwestern region was 10 cm, whereas the 
mean in the northeastern region was 21 cm. It 
appears that females in both regions selected 
nest sites in areas where VOR was maximized. 
However, because mean VOR was higher at nest 
sites in the northeastern region (35 cm) than at 
nest sites in the southwestern region (18 cm), it is 
not surprising that nest success was higher in the 
northeastern region. Nests in the  southwestern 
region placed under shinnery oak or sand sage-
brush had little grass cover, whereas those in the 
northwestern region placed within little bluestem 
clumps, which provided greater VOR, appar-
ently resulted in greater nest success.  Vegetation 
height at nest sites did not appear to contribute to 
the difference in nest success between regions, 
as it did not differ by region. Nonetheless, height 
at nest sites in the  southwestern region was 
greater than height at random sites, which may 
have helped predators find nests by searching 
taller vegetation areas.
 Adequate vegetation structure for nesting is 
probably the most important factor determining 
nest success of Lesser Prairie-Chickens (Kirsch 

negatively influenced by observer disturbance. 
We did not consider disturbance to be a factor in 
our study, as most birds were not flushed from 
their nests and nests were not visited a second 
time until nest fate was  determined. 
 Our apparent low nest initiation rate com-
bined with relatively high nest success may be 
biased as we did not locate nests for 20 hens 
in the southwestern region and 12 hens in the 
northeastern region. These hens may have initi-
ated laying but had their nests destroyed before 
incubation began. With our maximum  likelihood 
daily nest survival estimate being lower than the 
apparent nest  survival estimate, this could be 
a partial explanation. However, we also deter-
mined through back-dating from hatch date the 
date when incubation began and found for both 
regions that we located nests during the first 
week of incubation for both regions. Thus, it also 
is likely that some hens did not nest or aban-
doned nests early in incubation because of the 
droughts of 2003 and 2006. Precipitation during 
the five months prior to the 2003 nesting season 
was 23% and 88% below the 30-year normal in 
the northeastern (7 hens not nesting) and south-
western regions, respectively. During 2006, pre-
cipitation during the five months prior to nest-
ing was 84% below the 30-year normal in the 
southwestern region, and only 10 of 24 females
were known to nest. Two of 10 nests were aban-
doned early in incubation, and for the first time 
during our study, both males and females left the 
study area. We located radio-tagged birds up to 
8 km from the display grounds where they were 
trapped earlier in 2006. During 2007, only four 
females were observed on display grounds in the 
southwestern region, indicating females either 
died (7 deaths documented) during 2006 or did 
not return to the study area. Patten et al. (this vol-
ume, chapter 4) found that greater movements 
of Greater Prairie-Chickens led to higher mortal-
ity, especially among females. Drought appeared 
to play a major role in lack of nesting attempts, 
nest success, and renesting during our study. 
Similarly, Wolfe et al. (2007) maintained that 
low Lesser Prairie-Chicken nest success, smaller 
clutch sizes, and no documented renesting were 
due primarily to severe 2006 drought conditions 
on their study areas in Oklahoma. They also 
reported that effects of the drought carried into 
the 2007 nesting season, when only three nests 
were located and no renesting was observed. 

Sandercock_6480004_ch16.indd   228Sandercock_6480004_ch16.indd   228 7/18/11   11:54:43 AM7/18/11   11:54:43 AM



REGIONAL VARIATION IN NESTING SUCCESS 229

grass (little bluestem), it is suitable habitat for 
Lesser Prairie-Chicken. However, as shinnery oak 
matures and concomitantly increases in density 
(�50% coverage) and height (�1.5 m), it often 
totally dominates an area. Mature oaks lead to the 
exclusion of important grasses and forbs through 
competition for space and limited moisture, espe-
cially during drought years that support inverte-
brates needed by Lesser Prairie-Chicken chicks. 
 To increase Lesser Prairie-Chicken numbers 
in Texas, we recommend that managers focus on 
providing conditions that maximize vegetative 
diversity and structure for successful nesting. To 
improve nesting success in nearby New Mexico 
habitats, Riley et al. (1992) recommended that 
managers increase grass cover at the expense 
of shinnery oak cover. A better understanding 
of how components of the maturation of shin-
nery oak including height, density, and structure 
influence dynamics of Lesser Prairie-Chicken 
populations is imperative to the recovery of the 
species. 

ACKNOWLEDGMENTS

We are grateful to the land owners and land managers 
who allowed us access to their properties over the course 
of this study. We also are grateful to Duane Lucia (Texas 
Parks and Wildlife Department) and John Hughes (U.S. 
Fish and Wildlife Service) for logistical support. This 
project was funded by Texas Parks and Wildlife Depart-
ment and Texas A&M University System.

LITERATURE CITED

Amman, G. A. 1944. Determining age of pinnated 
and Sharp-tailed Grouse. Journal of Wildlife 
 Management 8:170–171.

Bart, J., and D. S. Robson. 1982. Estimating survi-
vorship when the subjects are visited periodically. 
 Ecology 63:1078–1090. 

Bergerud, A. T., and M. W. Gratson. 1988.  Adaptive 
strategies and population ecology of northern 
grouse, Vol. II: Theory and synthesis. University of 
Minnesota Press, St. Paul, MN.

Burnham, K. P., and D. R. Anderson. 2002. Model 
selection and multi-model inference: a practical 
information-theoretic approach. 2nd Ed. Springer 
Science � Business Media, New York, NY.

Cannon, R. W., and F. L. Knopf. 1981. Lek numbers as 
a trend index to prairie grouse populations. Journal 
of Wildlife Management 45:776–778.

Connelly, J. W., M. W. Gratson, and K. P. Reese. 1998. 
Sharp-tailed Grouse (Tympanuchus phasianellus). 

1974). Lutz and Silvy (1980), for example, found 
that predation of Attwater’s Prairie-Chicken 
(T. c. attwateri) nests was greater in areas with 
lower VOR. Our findings are similar to previous 
research documenting the importance of veg-
etative structure to the success of Lesser Prairie-
Chicken nests (Haukos and Smith 1989, Fields 
et al. 2006, Pitman et al. 2006). Improvements 
in habitat quality and quantity are needed to pro-
vide sufficient cover to reduce nest predation for 
Lesser Prairie-Chickens in Texas. 
 Within the northeastern region, we found 
Lesser Prairie-Chickens nested exclusively in  little 
bluestem clumps, even through woody  vegetation 
was found in 69% of all m2 quadrats, with mean 
height of 67 cm (Toole 2005). However, within the 
shinnery oak vegetation type (height �0.1–2 m),
we found that Lesser Prairie-Chickens nested 
more often under sand sagebrush plants (22 nests) 
than under shinnery oak plants (9 nests), where 
shinnery oak and sand sagebrush comprised 83% 
and 17%, respectively, of woody plants (Leonard 
2008). Sell (1979), working in Yoakum County, 
Texas (shinnery oak vegetation type), found Lesser 
Prairie-Chickens preferred sand sagebrush for 
nest concealment and recommended that nesting 
cover in the form of sand sagebrush and residual 
grass cover be provided. Conversely, Crawford 
and Bolen (1975) reported a mix of native shin-
nery oak–dominated rangeland and grain farm-
ing provided better habitat than 100% native 
rangeland. The authors suggested landscapes 
with �63% native rangeland were incapable of 
supporting Lesser Prairie-Chicken populations. 
More recently, Haukos and Smith (1989) reported 
that rangelands with �50% shinnery oak over-
head cover were ideal for Lesser Prairie-Chickens. 
Shinnery oak also competes with food and cover 
plant species that are beneficial to Lesser Prairie-
Chickens, and can comprise 90% of vegetation on 
heavily grazed rangelands (Pettit 1979). 
 Microhabitat use of shinnery oak rangelands by 
Lesser Prairie-Chickens is poorly understood; the 
presence of shinnery oak is cited as both benefi-
cial (Sell 1979, Haukos and Smith 1989) and det-
rimental (Donaldson 1969, Martin 1990). Changes 
in shinnery oak age, composition, and structure 
may account for these conflicting results, and may 
also explain declining Lesser Prairie-Chicken abun-
dance in the southwestern Texas Panhandle. When 
shinnery oak comprises �50% coverage of the area 
with a height shorter than that of the  dominant 

Sandercock_6480004_ch16.indd   229Sandercock_6480004_ch16.indd   229 7/18/11   11:54:43 AM7/18/11   11:54:43 AM



STUDIES IN AVIAN BIOLOGY NO. 39 Sandercock, Martin, and Segelbacher230

Johnsgard, P. A. 1983. The grouse of the world. Uni-
versity of Nebraska, Lincoln, NE.

Jones, R. S. 2009. Seasonal survival, reproduction, and 
use of wildfire areas by Lesser Prairie Chickens in 
the northeastern Texas Panhandle. M. S. thesis, 
Texas A&M University, College Station, TX.

Kirsch, L. M. 1974. Habitat management considera-
tions for prairie chickens. Wildlife Society Bulletin 
2:124–129.

Krebs, C. J. 1999. Ecological methodology. 2nd ed. 
Benjamin/Cummings, New York, NY.

Leonard, J. P. 2008. The effects of shinnery oak removal 
on Lesser Prairie Chicken survival,  movement, and 
reproduction. M. S. thesis, Texas A&M University, 
 College Station, TX.

Litton, G. W., R. L. West, D. F. Dvorak, and G. T. Miller. 
1994. The Lesser Prairie Chicken and its manage-
ment in Texas. Booklet 7100-025. Texas Parks and 
Wildlife Department, Austin, TX.

Lutz, R. S., and N. J. Silvy. 1980. Predator response to 
artificial nests in Attwater’s Prairie Chicken habi-
tat. North American Prairie Grouse Conference 
1:48–51.

Martin, B. H. 1990. Avian and vegetation research in 
the shinnery oak ecosystem of southeastern New 
Mexico. Thesis, New Mexico State University, Las 
Cruces, NM.

McCleery, R. A., R. R. Lopez, and N. J. Silvy. 2007. 
Transferring research to endangered species 
management. Journal of Wildlife Management 
71:2134–2141.

Merchant, S. S. 1982. Habitat-use, reproductive suc-
cess, and survival of female Lesser Prairie Chickens 
in two years of contrasting weather. M. S. thesis, 
New Mexico State University, Las Cruces, NM.

National Oceanic and Atmospheric Administration 
(NOAA). 2009. �http://www.noaa.gov/> (1 September 
2009).

Oberholser, H. C. 1974. The bird life of Texas. Univer-
sity of Texas Press, Austin, TX.

Patten, M. A., D. H. Wolfe, E. Shochat, and S. K.  Sherrod. 
2005. Effects of microhabitat and microclimate on 
adult survivorship of the Lesser Prairie-Chicken. 
Journal of Wildlife Management 36:1270–1278.

Peterson, M. J., and N. J. Silvy. 1996. Reproductive 
stages limiting productivity of the endangered 
Attwater’s Prairie Chicken. Conservation Biology 
4:1264–1276.

Pettit, R. D. 1979. Effects of picloram and tebuthiuron 
pellets on sand shinnery oak communities. Journal 
of Range Management 32:196–200.

Pitman, J. C., C. A. Hagen, B. E. Jamison, R. J. Robel, 
T. M. Loughin, and R. D. Applegate. 2006. Nesting 
ecology of Lesser Prairie-Chickens in sand sage-
brush prairie of southwestern Kansas. Wilson Jour-
nal of Ornithology 118:23–35.

A. Poole and F. Gill (editors), The birds of North 
America No. 354. Academy of Natural Science, 
Philadelphia, PA.

Copelin, F. F. 1963. The Lesser Prairie Chicken in 
Oklahoma. Technical Bulletin 6. Oklahoma Wildlife 
Conservation Department, Oklahoma City, OK.

Crawford, J. A. 1980. Status, problems, and research 
needs of the Lesser Prairie Chickens. Pp. 1–7 in 
P. A. Vohs, Jr., and F. L. Knopf (editors),  Proceedings 
of the Prairie Grouse Symposium, Oklahoma State 
University, Stillwater, OK.

Crawford, J. A., and E. G. Bolen. 1975. Spring lek 
activity of the Lesser Prairie Chicken in west Texas. 
Auk 92:808–810. 

Davis, D. M. 2009. Nesting ecology and reproduc-
tive success of Lesser Prairie-Chickens in shin-
nery  oak-dominated rangelands. Wilson Journal of 
 Ornithology 121:322–327.

Donaldson, D. D. 1969. Effect on Lesser Prairie 
Chickens of brush control in western Oklahoma. 
Ph.D. dissertation, Oklahoma State University, 
Stillwater, OK.

Federal Register. 1998. Endangered and threatened 
wildlife and plants: 12-month finding for a peti-
tion to list the Lesser Prairie-Chicken as threatened 
and designate critical habitat. Federal Register 
63:31400–31406.

Fields, T. L., G. C. White, W. C. Gilbert, and R. D. 
Rodgers. 2006. Nest and brood survival of Lesser 
Prairie-Chickens in west central Kansas. Journal of 
Wildlife Management 70:931–938.

Gould, F. W. 1962. Texas plants: a checklist and eco-
logical summary. Bulletin MS-585. Texas Agricul-
tural Experiment Station, College Station, TX.

Hagen, C. A., and K. M. Giesen. 2005. The Lesser 
Prairie-Chicken (Tympanuchus pallidicinctus). Rev. 
ed. A. Poole and F. Gill (editors), The birds of North 
America No. 364. Academy of Natural Science, 
Philadelphia, PA.

Hagen, C. A., B. E. Jamison, K. M. Fiesen, and 
T. Z. Riley. 2004. Guidelines for managing Lesser 
 Prairie-Chicken populations and their habitats. 
Wildlife Society Bulletin 32:69–82. 

Haukos, D. A. 1988. Reproductive ecology of Lesser 
Prairie Chickens in west Texas. M. S. thesis, Texas 
Tech University, Lubbock, TX.

Haukos, D. A., and L. M. Smith. 1989. Lesser Prairie 
Chicken nest site selection and vegetation char-
acteristics in tebuthiuron-treated and untreated 
sand shinnery oak in Texas. Great Basin Naturalist 
49:624–626.

IUCN. 2004. 2004 Red list of threatened species. 
�http://www.redlist.org>.

Jackson, A. S., and R. DeArment. 1963. The Lesser 
Prairie Chicken in the Texas Panhandle. Journal of 
Wildlife Management 27:733–737.

Sandercock_6480004_ch16.indd   230Sandercock_6480004_ch16.indd   230 7/18/11   11:54:44 AM7/18/11   11:54:44 AM



REGIONAL VARIATION IN NESTING SUCCESS 231

Silvy, N. J., M. J. Peterson, and R. R. Lopez. 2004. The 
cause of the decline of pinnated grouse: the Texas 
example. Wildlife Society Bulletin 32:16–21.

Simonoff, J. S. 2003. Analyzing categorical statistics. 
Springer-Verlag, New York, NY.

Storch, I. 2007. Conservation status of grouse world-
wide: an update. Wildlife Biology 13(Suppl. 1):5–12.

Sullivan, R. M., J. P. Hughes, and J. E. Lionberger. 
2000. Review of the historical and present status 
of the Lesser Prairie-Chicken (Tympanuchus pallid-
icinctus) in Texas. Prairie Naturalist 32:177–188.

Taylor, M. A., and F. S. Guthery. 1980. Status, ecology, 
and management of the Lesser Prairie Chicken. U.S. 
Department of Agriculture Forest Service  General 
Technical Report RM77. Rocky Mountain Forest and 
Range Experiment Station, Fort Collins, CO.

Toole, B. E. 2005. Seasonal movements and cover use 
by Lesser Prairie Chickens in the Texas Panhan-
dle. M. S. thesis, Texas A&M University, College 
 Station, TX.

Wolfe, D. H., M. A. Patten, and S. K. Sherrod. 2007. 
A study of factors affecting nesting success and 
mortality of Lesser Prairie-Chickens in Oklahoma 
and removal and marking of fences to reduce col-
lisions. Performance Reports. George M. Sutton 
Avian Research Center, University of Oklahoma, 
 Bartlesville, OK. 

Powell, L. A. 2007. Approximating variance of demo-
graphic parameters using the delta-method: a refer-
ence for avian biologists. Condor 109:950–955.

Riley, T. Z., 1978. Nesting and brood-rearing habitat of 
Lesser Prairie Chickens. M. S. thesis, New Mexico 
State University. Las Cruces, NM.

Riley, T. Z., C. A. Davis, M. Ortiz, and M. J. Wisdom. 
1992. Vegetative characteristics of successful and 
unsuccessful nests of Lesser Prairie Chickens. Jour-
nal of Wildlife Management 56:383–387.

Robel, R. J., J. N. Briggs, A. D. Dayton, and L. C.  Hulbert. 
1970. Relationships between visual  obstruction 
measurements and weight of grassland vegetation. 
Journal of Range Management 23:295–297.

Schroeder, M. A., and L. A. Robb. 1993. Greater 
 Prairie-Chicken (Tympanuchus cupido). A. Poole and 
F. Gill (editors), The Birds of North America No. 36. 
Academy of Natural Science, Philadelphia, PA.

Sell, D. L. 1979. Spring and summer movements 
and habitat use by Lesser Prairie Chicken females 
in Yoakum County, Texas. M. S. thesis, Texas Tech 
University, Lubbock, TX.

Silvy, N. J., M. E. Morrow, E. Shanley, Jr., and R. D. 
Slack. 1990. An improved drop net for capturing 
wildlife. Proceedings of the Annual Conference of 
the Southeastern Association of Fish and Wildlife 
Agencies 44:374–378.

Sandercock_6480004_ch16.indd   231Sandercock_6480004_ch16.indd   231 7/18/11   11:54:44 AM7/18/11   11:54:44 AM



Sandercock_6480004_ch16.indd   232Sandercock_6480004_ch16.indd   232 7/18/11   11:54:44 AM7/18/11   11:54:44 AM


