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NESTING ECOLOGY OF LESSER PRAIRIE-CHICKENS IN SAND
SAGEBRUSH PRAIRIE OF SOUTHWESTERN KANSAS

JAMES C. PITMAN,'+# CHRISTIAN A. HAGEN,'> BRENT E. JAMISON,!¢
ROBERT J. ROBEL,! THOMAS M. LOUGHIN,> AND ROGER D. APPLEGATE?’

ABSTRACT.—Despite the fact that the Lesser Prairie-Chicken (Tympanuchus pallidicinctus) is a species of
conservation concern, little is known about its nesting ecology, particularly in sand sagebrush (Artemisia filifolia)
habitats. To find and monitor nests, we captured and equipped 227 female Lesser Prairie-Chickens with trans-
mitters (87 yearlings, 117 adults, and 23 of unknown age) from 1997 to 2002 in southwestern Kansas. Apparent
nest success was similar for yearlings (31%, n = 74) and adults (27%, n = 97) but differed marginally (P =
0.090) between first nests (29%) and renests (14%). An estimated 31% of females that were unsuccessful in
their first nesting attempt initiated a second nest. The probability that a female would initiate a second nest after
failure of the initial attempt was negatively influenced by the day of incubation on which the initial attempt
failed. Over 95% of all nests were initiated and completed between 5 May and 2 July. The primary cause of
nest failure was predation by coyotes (Canis latrans) and gopher snakes (Pituophis melanoleucus). Mean clutch
size, egg fertility, hatching success, nesting and renesting frequency, and incidence of interspecific parasitism
were all similar across years and between yearlings and adults. Distances between nest sites were used as an
index to nest-site fidelity between first nests and renests and for across-year nesting attempts. Mean distances
between first nests and renests were similar for yearlings (1,071 m) and adults (1,182 m). Mean distance between
nests constructed by the same female in subsequent years (918 m) did not differ between age classes or success
of the first year’s nest. Most females (80%) nested closer to a lek other than the lek where they were captured.
Received 24 January 2005, accepted 21 September 2005.
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METHODS

Study area.—From 1997 to 2002, we stud-
ied Lesser Prairie-Chickens inhabiting sand
sagebrush habitat south of the Arkansas River
in Finney County, Kansas (37°52' N, 100°
59’ W). We initiated field work on a 7,700-ha
area in 1997 and on a nearby 5,600-ha area in
2000; we continued work on both areas
through summer 2002. Vegetation was similar
in both areas; sand sagebrush was the most
conspicuous vegetation present and was inter-
spersed with grasses, including little bluestem
(Schizachyrium scoparium), needle-and-
thread (Stipa comata), sand lovegrass (Era-
grostis trichodes), sixweeks fescue (Vulpia
octoflora), blue grama (Bouteloua gracilis),
sand dropseed (Sporobolus cryptandrus),
sideoats grama (B. curtipendula), and western
wheatgrass (Agropyron smithii). The most
common forb species were Russian thistle
(Salsola kali), western ragweed (Ambrosia
psilostachya), sand lily (Leucocrinum montan-
um), and common sunflower (Helianthus an-
nuus). Each study area was bounded almost
entirely by center-pivot irrigated cropland and
grazed seasonally by livestock. Annual pre-
cipitation averaged 50 cm (U.S. Department
of Commerce 2003) and ranged from 42 cm
(2000) to 59 cm (1997) during our study.

Locating and monitoring nests.—Using
walk-in funnel traps, we captured female
Lesser Prairie-Chickens on leks from mid-
March through mid-April (Haukos et al.
1990). Except in 1997 (when age was not de-
termined), we classified captured birds as
yearlings (~10 months of age) or adults (=21
months of age) by examining the primaries
(Copelin 1963). We equipped birds with 11-g
necklace-style transmitters (life expectancy =
6—-12 months; models from AVM Instrument
Company, Colfax, California; Advanced Te-
lemetry Systems, Isanti, Minnesota; and Ho-
lohil Systems, Carp, Ontario) and released
them on-site immediately after capture. Each
day, we determined locations of transmitter-
equipped birds by triangulating bearings col-
lected from a truck-mounted, null-peak telem-
etry system. Bird locations were determined
until transmitter failure, emigration from the
primary study areas, or bird death. When birds
emigrated from our study area, we re-located
them by extensive ground searches or from

fixed-wing aircraft. We monitored females
that moved off our study area two to three
times per week throughout the nesting season.

Using a hand-held antenna, we found nests
by approaching transmitter-equipped females
when their locations had remained unchanged
=3 consecutive days. If the female was in-
cubating, she was flushed so the eggs could
be counted and the clutch examined for inter-
specific parasitism (Hagen et al. 2002). We
marked nest locations with flags (1997) or
transmitters (1998—1999) at a distance of 5 m
from the nest bowl (Jamison 2000), or we re-
corded locations with a global positioning sys-
tem (2000-2002). Nest sites were not visited
again until the female departed the site with a
brood or until the nest was depredated or
abandoned. This technique allowed us to es-
timate apparent nest success only. Because we
did not determine nest status throughout in-
cubation, we did not estimate daily survival
of eggs or nests according to the Mayfield
method (Mayfield 1975).

After the departure of each nesting female,
we classified nest fate as successful (produced
at least one chick), unsuccessful, or aban-
doned. Beginning in 2000, we opened un-
hatched eggs to determine whether embryos
had developed. If the nest was depredated, we
systematically searched the area within a 10-
m radius for tracks, scat, or eggshell frag-
ments to help determine the predator’s identity
(Sargeant et al. 1998).

Statistical analyses.—We recorded clutch
size and estimated the start of incubation for
yearling and adult nests. We defined the start
of incubation as the first day on which we
detected no changes in the female’s telemetry
locations—typically, 3-5 days before a nest
was located. We estimated the initiation date
of each nest by backdating from the start of
incubation by 1 day for each egg in the clutch
(Coats 1955). We also calculated apparent
nest success (the proportion of all known nests
producing at least one chick X 100), hatching
success, egg fertility, percentage of females
attempting a nest, percentage of females re-
nesting, and the incidence of interspecific par-
asitism—separately for yearlings and adults.
We defined hatching success as the number of
eggs hatched divided by initial clutch size
(Westemeier et al. 1998b). We defined percent
fertility as the number of eggs hatching or



Pitman et al. * NESTING ECOLOGY OF LESSER PRAIRIE-CHICKENS 25

containing a developed embryo divided by the
total number of eggs in the nest bowl at the
time of hatching. We estimated incubation
length as the time (days) between the start of
incubation and the date when a female left the
nest with a brood (as determined from telem-
etry locations). We estimated nesting frequen-
cy as the percentage of females that attempted
a nest. Females that did not attempt a nest and
died before 31 May were excluded from our
estimate of nesting frequency. Because we
documented some first nesting attempts after
31 May, it was uncertain whether birds dying
prior to this date would have subsequently at-
tempted a nest. Interspecific parasitism was
reported as the percentage of nests containing
eggs of both Lesser Prairie-Chickens and oth-
er bird species. Interspecific nest parasitism
was previously described for the 1997 to 1999
field seasons (Hagen et al. 2002); here, we
summarize all records of parasitism from
1997 to 2002. The percentage of females at-
tempting to renest was estimated as the per-
centage of females known to have incubated
and lost a first clutch and that subsequently
incubated a second. Because of some small
expected cell counts, we used a Fisher’s exact
test for all comparisons (Agresti 1996). In ad-
dition, we used two-tailed #-tests for unequal
variances (Zar 1999) to compare clutch size,
incubation date, hatch date, and incubation
length between yearlings and adults.

We used logistic regression to assess the re-
lationship between the likelihood of renesting
and (1) age class, (2) clutch size of the initial
nest attempt, and (3) day into incubation when
the initial attempt failed. We excluded data
from 1997 because we did not identify age
class of birds that year. Initially, we fit seven
a priori models to data associated with 59
failed first nest attempts recorded from 1998
to 2002. We considered all four additive mod-
els and main effect models for each of the
three independent terms. We used the mini-
mization of Akaike’s Information Criterion for
small sample sizes (AIC,) to rank the models
(Burnham and Anderson 1998). All models
where AAIC, = 2 were considered to be com-
peting models (Burnham and Anderson 1998).
Because age class was not included in any of
the competing models (all AAIC, > 2), we
excluded this variable and developed models
using an expanded data set (n = 69) that in-

cluded failed first nest attempts recorded from
1997 to 2002. We used the same model pro-
cedures previously described to fit three of our
a priori models that included the main effects
(1) clutch size and (2) day of incubation on
which the initial attempt failed.

We calculated distances between first nests
and renests, nesting attempts in multiple
years, and distances from nest sites to the lek
of capture and the nearest lek. We used anal-
ysis of variance (ANOVA) to determine
whether year or age class influenced the dis-
tance between an initial nest site and the re-
nest location and the affinity of nesting fe-
males to lek sites (capture lek and nearest lek).
We also used ANOVA to determine whether
age class or success of the first-year nest af-
fected distance between nest sites in subse-
quent years. For these analyses, we excluded
all data from 1997 because we did not identify
age class that year; however, we included
pooled age-class data from 1997 in the data
tables to provide an overview of nesting pa-
rameters for the duration of our study. We in-
terpreted simple effects with two-sample -
tests when significant interactions were found
(Zar 1999). We considered all differences sig-
nificant when P < 0.05 and marginally sig-
nificant when 0.05 < P < 0.10. We report
parameter estimates and means as * SE (or
SD as noted).

RESULTS

Nesting ecology.—We captured 227 female
Lesser Prairie-Chickens and fitted them with
transmitters (87 yearlings, 117 adults, and 23
of unknown age). We found 209 nests (77
yearling, 103 adult, and 29 unknown-age).
The percentage of females initiating a nest
was similar (P = 0.50) for yearlings (94%)
and adults (92%; Table 1). We determined fate
for 196 of 209 (94%) nests; apparent nest suc-
cess was 26 = 3% (51 of 196). The remaining
nests were either abandoned (2%, n = 5) or
success could not be determined from evi-
dence remaining at the nest site (4%, n = 8).
Nest success did not differ across years (x> =
6.95, df = 5, P = 0.22) or between age classes
for first nests (P = 0.60) or renests (P = 0.82;
Table 1). An estimated 31% of all females that
were unsuccessful in their first nesting attempt
initiated a second nest, and this percentage did
not differ (P = 0.85) between yearlings and
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adults (Table 1). However, success of renests
(14%) was marginally less than success of ini-
tial nests (29%; x> = 3.31,df = 1, P = 0.090).
No females were known to have initiated a
third nest in the same year. Mean hatch date
(all years combined) was 1 June for first nest-
ing attempts and 22 June for renests (Fig. 1),
with a mean incubation length of 26.7 days
(Table 1). More than 95% of all nests were
initiated and completed between 5 May and 2
July (Fig. 1).

Mean clutch size did not differ between
yearlings and adults for either first nesting or
renesting attempts (Table 1). Mean clutch size
was 7.6 = 0.4 eggs for renests, significantly
less (1,33 = 11.77, P < 0.001) than the mean
clutch size (12.0 £ 0.1 eggs) of first nests.
Overall hatching success was 74 * 2% and
did not differ between yearlings and adults.
Likewise, egg fertility was similar between
the two age classes, with 94 = 1% of all eggs
containing a developed embryo (Table 1).

Six of 209 (3%) Lesser Prairie-Chicken
nests were parasitized by other bird species.
Four of the six nests contained Lesser Prairie-
Chicken and Ring-necked Pheasant (Phasi-
anus colchicus) eggs, and eggs of both species
hatched in two of these nests. One nest was
parasitized by a Northern Bobwhite (Colinus
virginianus; 10 prairie-chicken eggs and 1
quail egg), and the remaining nest was para-
sitized by both Ring-necked Pheasant and
Northern Bobwhite (3 prairie-chicken eggs, 1
pheasant egg, and 1 quail egg). Both of these
latter nests were depredated before hatching.

Nest predators.—Most (>80%) known pre-
dation events occurred >3 days after our ini-
tial nest visit (mean = 10.2 days * 6.9 SD).
We assigned predator species to 112 of 161
(70%) unsuccessful Lesser Prairie-Chicken
nests. Coyotes (Canis latrans) depredated the
majority (64%) of the nests and were the pri-
mary cause of nest predation during most
years (Table 2). Snakes were responsible for
the loss of 31% and 42% of the unsuccessful
Lesser Prairie-Chicken nests in 2001 and
2002, respectively. Most of the snake preda-
tion was probably by Gopher snakes (Pituo-
phis melanoleucus) because they were the
most observed snake species on our study ar-
eas. Other causes of nest loss included pre-
dation by ground squirrels (Spermophilus
spp.) and trampling by cattle (Table 2).

Renesting probability.—The probability of
a Lesser Prairie-Chicken renesting was influ-
enced by both clutch size and the day of in-
cubation on which the initial attempt failed.
An additive model including both terms was
the highest-ranking (AAIC, = 0.00; AIC, =
80.90), but the model including only date of
failure also had considerable support (AAIC,
= 1.48). The model including only clutch size
was not supported (AAIC, = 15.24). Females
incubating initial nests later into incubation
tended to have a lower probability of renesting
Byge = —0.18, 95% CI = —0.28 to —0.08;
Fig. 2). Females laying a larger clutch in the
initial nest attempt tended to be more likely
to renest (B, = 0.31); however, the magni-
tude of this effect was not clear because the
confidence interval overlapped zero (95% CI
= —0.01 to 0.63). The odds of a female at-
tempting to renest decreased by 16.2% with
each day into incubation of the initial attempt
and increased 20.2% with each one-egg in-
crease in clutch size (Fig. 2).

Nest-site location.—Between 1997 and
2002, we found 28 renests (Table 3). Distance
between first nests and renests (1,271 m) was
not influenced by age class (F, ,; = 1.69, P =
0.21) or year (F,,; = 1.65, P = 0.21); there
was no interaction effect (F,,; = 1.82, P =
0.19; 1998-2002 data). Similarly, the distance
between nests initiated by the same female in
subsequent years (mean = 918 m, n = 15;
Table 3) was not influenced by age class (£ 4
= 0.16, P = 0.70) or success of the first-year
nest (F,;; = 0.05, P = 0.82); there was no
interaction effect (£, ;, = 0.00, P = 0.98).

The distance from a nest to the nearest lek
(mean = 691 m, n = 194; Table 4) was not
influenced by year (F, s = 1.11, P = 0.36)
or age class (F| ;.. = 0.00, P = 0.99), nor was
there an interaction effect (F, ¢y = 1.41, P =
0.23; 1998-2002 data). Of 184 nests, 147
(80%) were located closer to a lek other than
the lek where the female was last captured.
Ten nests (5%) were located >10 km from the
lek at which the incubating female was cap-
tured (median = 20.6 km, range = 10.6-56.5
km). The female nesting 56.5 km from her lek
of capture was successful in her nesting at-
tempt. The distance from nest site to the lek
where the female was captured (mean = 3,082
m, n = 184; Table 4) was not influenced by
age class (F 53 = 0.12, P = 0.73) or year
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TABLE 2.
southwestern Kansas, 1997-2002.

Probable causes of predation of Lesser Prairie-Chicken nests in the sand sagebrush prairie of

Depredation (%)

1997 1998 1999 2000 2001 2002 Total®
Predator (n = 24) (n=12) (n = 20) (n = 44) (n = 36) (n = 26) (n = 161)
Coyote 71 100 70 34 22 27 45
Ground squirrel® 4 0 0 11 0 0 4
Snake® 13 0 5 11 31 42 19
Cattle 0 0 5 2 3 0 2
Unknown 13 0 20 41 45 31 30

a Percentage of all nests destroyed by each predator.

b We did not differentiate between thirteen-lined ground squirrels and spotted ground squirrels.

€ Gopher snakes appeared to be the most abundant snake species.

1.25 P = 0.29), and there was no
1.33, P = 0.26;

(Fais8 =
interaction effect (Fjy;55 =
1998-2002 data).

DISCUSSION

Although rainfall during the primary 4-
month nesting period (April through July) var-

ied substantially during the 6 years of our
study (range = 22.3-38.3 cm), we document-
ed little annual variation in Lesser Prairie-
Chicken nesting activity. Our ability to detect
annual variation, however, may have been hin-
dered by relatively small sample sizes within
years, especially in the early years of the
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