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ABSTRACT We recorded telemetry locations from 1,129 radiotagged turkeys (Meleagris gallopavo intermedia) on 4 study areas in the Texas

Panhandle and southwestern Kansas, USA, from 2000 to 2004. Analyses of telemetry locations indicated both sexes selected riparian vegetative

zones. Females did not select grazed or nongrazed pastures for daily movements. However, females did select nongrazed pastures for nest sites on

2 study areas and males selected for grazed pastures at one study area during the breeding season. We compared nest sites (n¼ 351) to random

sites using logistic regression, which indicated height of visual obstruction, percent canopy cover, and percent bare ground provided the highest

predictive power (P � 0.003) for characteristics describing nest-site selection. Nest-site vegetative characteristics between vegetative zones

differed primarily in composition: upland zone nest sites had more (P � 0.001) shrubs and riparian zone nest sites had more (P � 0.001) grass.

There were no differences in measured nest-site vegetative characteristics between pasture types, but there were differences between available

nesting cover in grazed and nongrazed pastures. Random plots in grazed pastures had less grass cover (P � 0.001) and more bare ground (P¼
0.002). Because of cattle impacts on average grass height and availability, grazing would likely have the highest impact on nesting in riparian

zones due to turkey use of grass as nesting cover. An appropriate grazing plan to promote Rio Grande turkey nesting habitat would include

grazing upland zones in the spring, when it likely has little impact on nesting-site selection, and grazing riparian zones following breeding season

completion. Grazing at light to moderate intensities with periods of rest did not affect male turkey pasture use and may have continued to

maintain open areas used by male turkeys for displaying purposes. ( JOURNAL OF WILDLIFE MANAGEMENT 71(8):2583–2591; 2007)
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Interactions between cattle and wild turkeys (Meleagris

gallopavo) varied depending on local habitat and grazing

conditions. Previous studies indicated grazing altered

structure and composition of the ground layer (Wilkins

and Swank 1992) and reduced vegetative screening (Schulz

and Guthery 1987). Bareiss et al. (1986) found that grazing

treatment had no effect on available nesting ground cover.

However, in both Texas and South Dakota, USA, low,

thorny brush may have protected residual cover from

grazing, neutralizing the effects of different stocking

intensities on nesting wild turkeys (Bareiss et al. 1986,

Wertz and Flake 1988). In Colorado, USA, Schulz and

Leininger (1990) found that shrub canopy cover and grass

cover were greater in grazing exclosures and bare ground was

4 times greater in grazed areas. Cattle preferred stream
riparian zones to upland range sites; likely because of water
availability and forage quality (Roath and Krueger 1982,
Smith et al. 1992) and riparian zone use by cattle was linked
to decreases in riparian vegetation (Szaro and Pase 1983,
Sedgwick and Knopf 1991).

Based on inconsistent relationships between livestock
grazing and ground-nesting birds, we investigated relation-
ships between grazing and Rio Grande wild turkey (M. g.
intermedia; hereafter, turkeys unless stated otherwise)
pasture use, habitat selection and nesting ecology in the
Southern Great Plains. Our objectives were to investigate
third- and fourth-order habitat selection (Johnson 1980).
We hypothesized female turkeys would select nongrazed
pastures due to increased availability of nesting cover and
male turkeys would select grazed pastures due to the
increased availability of favorable display site characteristics
as a result of cattle grazing. We also predicted female
turkeys would select riparian over other vegetative zones for
nest sites because of the increased vegetative cover, which
has been related to increased nest success. Finally, we
hypothesized that composition of visual obstruction at nests
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might vary but overall vegetative structure associated with
nests would be similar regardless of pasture or vegetative
zone.

STUDY AREA

We studied turkeys on 4 study areas: 3 in the Texas
Panhandle and 1 in the southwestern corner of Kansas,
USA. We used turkey movements to determine study area
boundaries. The southernmost site was the Matador study
area in Cottle County, Texas. It was located in the lower
Rolling Plains and consisted of 11,370 ha of public land
(Matador Wildlife Management Area [MWMA]) with an
additional 16,133 ha of adjacent private lands. The
confluence of the South Pease River and the Middle Pease
River occurred on the study area. The MWMA had a rest-
rotation, cow–calf operation grazing program from January
2000 through September 2002, and cattle were removed
from MWMA October 2002 through September 2004.
Cattle stocking densities ranged from 1.82 ha per animal
unit (AU) to 13.37 ha/AU. Adjacent lands also had cow–
calf operations that used rotational or continuous grazing,
basing the timing of cattle movement on available standing
forage and supplemental feed. Densities on adjacent lands
ranged from 2.09 ha/AU to 31.54 ha/AU. On both the
MWMA and adjacent lands, each pasture was grazed for �1
month before the cattle were moved.

The Salt Fork study area was located in Collingsworth and
Donley counties and was bisected by the Salt Fork of the
Red River. This Rolling Plains 17,000-ha site was below the
Caprock escarpment and was centered on private ranches.
All of the private lands were exposed to cattle grazing at
various intervals and densities, but grazing information was
not available. Analyses of turkey locations or nests in
relation to vegetative zone include data from the Salt Fork,
but all analyses of turkey response to grazing excluded this
site.

The Gene Howe study area was located in Hemphill
County, near Canadian, Texas, and was bisected by the
Canadian River. This Rolling Plains site was centered on
2,180 ha of public land (Gene Howe Wildlife Management
Area [GHWMA]) with access to 11,000 ha of adjacent
private lands. The GHWMA had a rest-rotation, cow–calf
operation grazing program from September 2001 through
September 2004. Cattle stocking densities ranged from 4.39
ha/AU to 11.52 ha/AU. Pastures were grazed for 6-month
periods and then rested for 6 months before being grazed
again. We did not collect cattle grazing information from
adjacent lands.

The Cimarron study area was in the southwestern corner
of Kansas near Elkhart, Kansas in Morton County on
29,648 ha of public land (Cimarron National Grasslands
[CNG]) and 15,000 ha of adjacent private land. The
Cimarron River bisected the study area. The CNG had a
rest-rotation, cow–calf operation grazing program from
January 2000 to September 2004. Cattle stocking densities
ranged from 2.52 ha/AU to 10.1 ha/AU. Pastures were
grazed for 1–2 months per rotation period and then rested

for up to 1 year. We did not collect cattle information from
adjacent lands.

METHODS

We trapped turkeys using rocket-nets (Bailey et al. 1980)
and drop nets (Glazener et al. 1964) on sites baited with
corn or grain sorghum from January through March of each
year. Upon capture, we recorded age and sex of each bird
(Pelham and Dickson 1992) and placed 110-g backpack-
style radiotransmitters from Advanced Telemetry Systems
(Isanti, MN) or AVM Instruments (Livermore, CA) on
selected individuals. We relocated each radiotagged turkey
�2 times per week during the breeding season (1 Apr to 31
Aug) and once per week throughout autumn and winter (1
Sep to 31 Mar). We collected both visual observations of
radiotagged birds and radiotelemetry triangulation locations
using a hand-held 3-element yagi antenna or a truck-
mounted null-peak system (Balkenbush and Hallett 1988,
Samuel and Fuller 1996). We collected Universal Transverse
Mercator (UTM) coordinates on visual sightings using a
Trimble Geoexplorer 2 or Geoexplorer 3 Global Positioning
System. The goal of triangulation was to obtain �3 compass
bearings, separated by .458 within 30 minutes elapsed time
from first bearing taken (White and Garrott 1990). We
stratified locations into 4 time periods based on turkey
behavior: roosting (from dusk until dawn), morning (AM)
feeding (first one-third of daylight hr), midday (second one-
third of daylight hr), and afternoon (PM) feeding (third
one-third of daylight hr). We used the computer program
Location of a Signal (Ecological Software Solutions,
Sacramento, CA) to generate UTM positions of the
triangulated turkeys. We determined study area–specific
telemetry error �1 time per year by triangulating known
location transmitters (Wallingford and Lancia 1991). We
also used known location transmitters to adjust for system
biases and to calibrate the truck mounted null-peak system
(White and Garrott 1990, Samuel and Fuller 1996).

We defined a pasture as grazed whenever cattle grazing
occurred between initiation of current year plant growth and
date of telemetry relocation. We determined cattle use and
timing of rotations in pastures on 3 study areas (Matador,
Gene Howe, and Cimarron) by interviewing landowners
and agency personnel (state and federal). We recalculated
the available areas of grazed and nongrazed pastures each
time cattle were moved from one pasture to another. We
investigated turkey responses to the presence of cattle
grazing, as defined above. We did not evaluate specific
grazing systems because each study area, and often
individual landowners, used different grazing rotations.

We identified vegetative zones using aerial photos and
vegetation maps at all 4 study areas. We converted the
resulting data into a vegetative coverage layer in a
Geographic Information System (GIS) database. For this
analysis, we combined the 28 vegetative types defined in the
GIS database (Brunjes 2005) into 3 zones: urban–agricul-
ture–Conservation Reserve Program lands (UACRP), up-
land–nonriparian brush-land and trees (UP), and riparian
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grassland and trees (RP). Phillips (2004) estimated average
dispersal distances for turkeys in this population to be 7 km.
Therefore, we created a buffer of 7 km around 95% of all
known turkey locations and calculated the area of each
vegetative zone within that buffered area.

We determined onset of nest incubation once we recorded
�2 locations of a hen in the same place during the nesting
season (Miller et al. 1998, Keegan and Crawford 1999).
Once we believed birds were incubating, the site was circled
at a radius of approximately 50 m to locate the nest (Everett
et al. 1980). We monitored the nest at least once every 3
days, until the hen vacated the nest area to determine hatch
date and nest success. Once vacated, we located the actual
nest bowl and determined nest outcome based on shell
remains (Schmutz and Braun 1989). We considered a nest
successful if �1 egg hatched (Badyaev 1995). We censored
nests that were abandoned due to likely human-induced
causes.

We used ArcGIS to clip and categorize each turkey
telemetry location for each turkey into a pasture type (grazed
or nongrazed) and vegetative zone. We censored locations
falling in a pasture of unknown type or vegetative zone. We
deleted all roost locations and repeat locations of known
nests from the dataset to prevent oversampling. We ensured
each location was separated by �24 hours to maintain
sampling independence (White and Garrott 1990). We
investigated turkey use of pasture types and vegetative zones
using a design II model (Thomas and Taylor 2006) for
individual birds at each study site using all locations of each
bird and within each annual breeding season for males and
females. We restricted all locations analyses to birds with
�15 locations for pasture type analysis and �20 locations for
vegetative zone analysis. We limited breeding season
analyses to birds with �10 locations for pasture type
analysis and �15 locations for vegetative zone analysis.
Selection occurred where percent availability fell outside the
bounds of 95% confidence intervals on use (McCorquodale
et al. 1986).

We specifically investigated nesting-site selection for
female turkeys. Manly et al. (2002) note that design II
studies (Thomas and Taylor 2006) with only one inde-
pendent observation of use (e.g., nest- or bed-site selection)
are a special case of design I. Thus, we classified each known
nest site into a pasture type and vegetative zone and
compared used to available pasture types and vegetative
zones using chi-square tests with Bailey confidence intervals.
Selection occurred where percent availability fell outside the
bounds of Bailey confidence intervals on use (Neu et al.
1974, Bailey 1980, Byers et al. 1984).

We measured vegetation structure and composition at sites
where we observed randomly selected turkeys within 2
weeks of the observation date. We measured paired random
(PR) plots concurrently at 50 m in a random cardinal
direction from each observed turkey location. We measured
vegetation structure and composition at nests after the hen
vacated the nest site. We also measured a paired nesting-site
random (PNR) plot located 50 m in a randomly chosen

cardinal direction. At each plot, we established a 10-m 3

20-m plot oriented north to south around the center point.
We measured canopy cover using an ocular tube (i.e., 2–4
cm in diam with crosshairs at one end) at 20 evenly spaced
points around the plot perimeter (Dueser and Shugart 1978)
or a spherical densiometer held at 1 m height above plot
center point (Lemmon 1956). We measured height of visual
obstruction using a visual obstruction pole (Robel et al.
1970) placed at 10 points (2000–2002) or 5 points (2003–
2004) along the plot centerline and observed from a distance
of 4 m and a height of 1 m. We recorded the lowest Robel
pole (dm) segment completely visible at each measurement
point. We classified ground cover in the plot area into 5
categories: grass, shrub, bare ground, forb, and litter. We
estimated ground cover measuring frequencies of occurrence
with the ocular tube at 10 points along the 4-m chain
between the Robel and sighting pole at each point where
visual obstruction was measured. If the point on the ground
revealed a shrub, we recorded species and height class of the
shrub. To assess vegetative availability at the study area
scale, we measured 200 additional randomly located
vegetation plots at each study area per year (2003–2004).

Huffman et al. (2006) found that nest-site vegetative
characteristics on our study areas were not statistically
different. We, therefore, pooled vegetation plot data for all
study areas and years. We compared nest success in each
pasture type and vegetative zone using Bonferroni con-
fidence intervals (Neu et al. 1974, Byers et al. 1984). We
compared vegetative characteristics between nesting sites
and PNR locations (with yr and study sites pooled) using
complete model and forward stepwise logistic regression
(P , 0.20 to enter or remove a variable; Hosmer and
Lemeshow 1989) to determine the best predictor of nesting
sites relative to PNR locations.

We classified all vegetation plots into a pasture type and
vegetative zone. We compared measured nesting-site
vegetative characteristics between grazed and nongrazed
pastures using Mann–Whitney U-tests (Zar 1999) and in
each of the 3 vegetative zones using Kruskal–Wallis H-tests
(Zar 1999) corrected for ties, so we reported the chi-square
value and means for comparison to the literature. We
further classified nest sites into 4 categories: upland grazed
(UG), upland nongrazed (UN), riparian grazed (RG), and
riparian nongrazed (RN). We used Mann–Whitney U-tests
(Zar 1999) to compare the nest-site vegetative character-
istics in both grazing situations for UP and for RP zones to
determine if differences in nest-site vegetative structure or
composition existed between each pair of categories (UG,
UN; RG, RN) and to determine if turkeys used different
structural components when cattle were present (Holechek
et al. 1982, Bareiss et al. 1986, Wertz and Flake 1988). We
did not compare all 4 categories together because we wanted
to investigate differences due to grazing rather than those
accounted for by vegetative zones. We compared nest
success of all nests among categories using Bonferroni
confidence intervals (Neu et al. 1974, Byers et al. 1984).

We investigated differences in available nesting habitat
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between vegetative zones and pasture types by comparing

random plots (including PR, PNR). We compared grazed

and nongrazed random plots, within vegetative zones using

Mann–Whitney U-tests (Zar 1999). To compare availability

of habitat characteristics between pasture types and

vegetative zones, we grouped each vegetative characteristic

(% canopy cover, visual obstruction, % grass cover, %

shrub cover, % bare ground, % forb cover, and % litter

cover) into classes, adhering to Cochran’s rules regarding

chi-square analyses (Cochran 1952). We used a chi-square

goodness-of-fit test (Conover 1999) to investigate differ-

ences in distribution and used Bonferroni intervals to

compare individual classes within each measured vegetative

characteristic if the goodness of fit test was significant (Neu

et al. 1974, Byers et al. 1984).

We used SPSS for Windows (Chicago, IL) for all

statistical calculations. This research was approved by the

Texas Tech University Animal Care and Use Committee

(Protocol No. 99917 and 01173B).

RESULTS

Telemetry accuracy, calculated among all sites and seasons

using known location transmitters (n¼ 182) was within 118

m of the true location with an associated error polygon of

4.40 ha. Due to the large average pasture size (x̄¼ 836 ha),

telemetry error was ,1% of average pasture size and ,1%

of vegetative zone sizes.

We recorded 12,409 telemetry locations from 1,129

radiotagged turkeys on 4 study sites from January 2000 to

August 2004. Female turkeys showed no selection (P .

0.05) for pasture type in daily movement locations for either

all locations (n¼ 163) or annual breeding season (n¼ 160).

Females selected nongrazed pastures for nest sites on

Matador and Cimmaron areas (v2 ¼ 13.77, P , 0.001;

Table 1). Male turkeys at Gene Howe (n¼ 4) selected (P ,

0.05) grazed pastures at all locations and annual breeding

season scales; only 21% of the area was grazed and 89–91%

of each turkey’s locations occurred in grazed pastures. Male

turkeys on the Matador and Cimmaron areas showed no

Table 1. Design I selection of pasture types for nesting sites by female Rio Grande wild turkeys from January 2000 through August 2004 on 3 study areas in
the southern Great Plains, USA.

Pasture type Area (ha) Relative area
No. exp

nests
No. obs

nests
Obs

proportion Bailey interval Sel.a

Nongrazed
Matador 85,736 0.404 34.7 56 0.651 0.612 � P � 0.694 F
Gene Howe 6,851 0.786 20.4 17 0.654 0.609 � P � 0.717 A
Cimarron 270,442 0.506 35.0 39 0.565 0.525 � P � 0.612 F

Grazed
Matador 126,612 0.596 51.3 30 0.349 0.312 � P � 0.394 A
Gene Howe 1,870 0.214 5.6 9 0.346 0.305 � P � 0.413 F
Cimarron 263,231 0.493 34.0 30 0.435 0.395 � P � 0.483 A

a Selection: F denotes selection for a pasture type, A denotes selection against a pasture type.

Table 2. Design II selection of vegetative zones during annual breeding seasons by female and male Rio Grande wild turkeys from January 2000 through
August 2004 on 4 study areas in the southern Great Plains, USA.

Vegetative
zone

Relative
area

F M

N
Proportion of

locationsa 95% CI Sel.b N
Proportion of

locations 95% CI Sel.b

UACRPc

Matador 0.313 71 0.018 0.009 � P � 0.027 A 48 0.056 0.032 � P � 0.081 A
Salt Fork 0.249 50 0.160 0.105 � P � 0.215 A 36 0.079 0.032 � P � 0.126 A
Gene Howe 0.045 69 0.128 0.096 � P � 0.161 F 36 0.165 0.117 � P � 0.213 F
Cimarron 0.380 70 0.002 0.001 � P � 0.004 A 14 –0– –0– A

UPd

Matador 0.625 71 0.731 0.694 � P � 0.768 F 48 0.745 0.704 � P � 0.786 F
Salt Fork 0.700 50 0.661 0.595 � P � 0.728 NS 36 0.653 0.607 � P � 0.698 A
Gene Howe 0.842 69 0.455 0.404 � P � 0.505 A 36 0.499 0.441 � P � 0.559 A
Cimarron 0.525 70 0.058 0.046 � P � 0.071 A 14 0.059 0.029 � P � 0.091 A

RPe

Matador 0.061 71 0.251 0.214 � P � 0.287 F 48 0.199 0.155 � P � 0.243 F
Salt Fork 0.051 50 0.179 0.124 � P � 0.235 F 36 0.269 0.231 � P � 0.307 F
Gene Howe 0.113 69 0.417 0.354 � P � 0.480 F 36 0.335 0.261 � P � 0.409 F
Cimarron 0.095 70 0.939 0.927 � P � 0.952 F 14 0.940 0.909 � P � 0.972 F

a x̄ proportion of locations for each bird averaged over all N.
b Selection: F denotes selection for, A denotes selection against, NS denotes no selection.
c Urban areas, agriculture, Conservation Reserve Program lands.
d Upland zones, nonriparian brushland and trees.
e Riparian zones.
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selection for pasture type (P . 0.05). Both females and
males selected (P . 0.05) riparian zones at both all locations
and annual breeding season scales (Table 2). Females also
selected riparian zone for nesting (v2¼ 527.86, P , 0.001;
Table 3).

We measured vegetative characteristics at 351 nest sites.
We also measured 345 PNR plots between January 2000
and August 2004. The complete logistic regression model
and forward stepwise logistic regression indicated the height
of visual obstruction (0.510, P � 0.001), percent bare
ground (�0.545, P � 0.015), and percent canopy cover
(0.012, P � 0.002) were the best variables for differentiating
between nest locations and nearby random locations. The
resulting complete model correctly predicted 67.8% of plots
and the step-wise model correctly predicted 67.2% of plots.
The stepwise model was included because the 3 variables
selected predicted the same percentage of plots correctly as
when all variables were entered. The order of variables
selected in the stepwise logistic regression were height of
visual obstruction, percent canopy cover, and percent bare

ground. The average nest site was characterized by 15%
(61.5%) canopy cover, 39 cm (61.0 cm) of visual
obstruction, 43% (61.4%) grass cover, 19% (61.1%)
shrub cover, 7% (60.5%) bare ground, 17% (61.0%) forb
cover, and 12% (60.7%) litter cover in the nest area.

We classified 345 nesting sites (Table 4) into vegetative
zones. We detected 21 nests in the UACRP zone and nest
success was higher (P , 0.05) in UACRP (45.0%) than in
UP (29.3%) or RP (30.3%) zones. Nests in the RP zone
had .12% more canopy cover and .16% more grass cover
than UACRP and UP (Table 4). Nests in UP zones had
.13% more shrub cover than the other 2 zones (Table 4).
Nests in UACRP had .8% more bare ground than the
other 2 zones and .8% more litter cover and .8 cm higher
visual obstruction than the RP zone (Table 4). We removed
the UACRP zone from further analyses comparing nest-site
vegetative characteristics because of small number of nests
(relative to UP and RP) in UACRP zones and the influence
of agricultural activities on vegetative characteristics.

We classified 181 nests into pasture types. However, nest

Table 3. Design I selection of vegetative zones for nesting sites by female Rio Grande wild turkeys from January 2000 through August 2004 on 4 study areas
in the southern Great Plains, USA.

Vegetative
zone Area (ha) Relative area

No. exp
nests

No. obs
nests

Obs
proportion Bailey interval Sel.a

UACRPb

Matador 20,928 0.313 28.5 2 0.022 0.011 � P � 0.046 A
Salt Fork 20,140 0.249 21.1 12 0.141 0.115 � P � 0.178 A
Gene Howe 3,093 0.045 4.3 6 0.063 0.045 � P � 0.092 NS
Cimarron 29,609 0.380 28.1 2 0.027 0.015 � P � 0.054 A

UPc

Matador 41,744 0.625 56.9 68 0.747 0.711 � P � 0.786 F
Salt Fork 56,734 0.700 59.5 58 0.682 0.644 � P � 0.724 NS
Gene Howe 57,600 0.842 80.0 58 0.610 0.571 � P � 0.654 A
Cimarron 40,974 0.525 38.9 7 0.095 0.072 � P � 0.130 A

RPd

Matador 4,087 0.061 5.6 21 0.231 0.199 � P � 0.272 F
Salt Fork 4,166 0.051 4.4 15 0.177 0.147 � P � 0.216 F
Gene Howe 7,712 0.113 10.7 31 0.326 0.290 � P � 0.370 F
Cimarron 7,417 0.095 7.0 65 0.878 0.849 � P � 0.910 F

a Selection: F denotes selection for, A denotes selection against, NS denotes no selection.
b Urban areas, agriculture, Conservation Reserve Program lands.
c Upland zones, nonriparian brushland and trees.
d Riparian zones.

Table 4. Comparison of Rio Grande wild turkey habitat characteristics measured at nesting sites in each vegetative zone from January 2000 through August
2004 on 4 study areas in the southern Great Plains, USA (pooled over yr and study areas).

Variable

UACRPa UPb RPc x̄ Rankd Kruskal–Wallis

x̄ SE x̄ SE x̄ SE UACRP UP RP v2 P

% canopy cover 4.3 2.3 10.4 1.8 23.1 2.7 139.61A 156.36A 205.48B 29.07 �0.001
Visual obstruction (cm) 44.7 5.0 40.0 1.3 36.3 1.5 200.27A 183.56AB 157.68B 6.79 0.034
% grass cover 35.5 5.2 36.4 1.8 52. 8 2.2 145.89A 150.27A 212.97B 32.70 �0.001
% shrub cover 11.0 4.9 25.1 1.5 12.0 1.4 103.32A 209.88B 136.59A 54.39 �0.001
% bare ground 16.0 4.3 7.5 0.6 5.9 0.7 217.48A 181.98B 157.10BC 9.32 0.009
% forb cover 16.7 4.0 16.0 1.2 17.7 1.8 172.59A 174.12A 175.33A 0.02 0.990
% litter cover 18.4 3.8 13.5 1.0 10.2 0.9 201.75A 182.31AB 159.18B 5.94 0.051

a Urban areas, agriculture, Conservation Reserve Program lands (n¼ 21 nests).
b Upland zones, nonriparian brushland and trees (n¼ 192 nests).
c Riparian zones (n ¼ 138 nests).
d x̄ ranks within rows, followed by the same letter, are not different at a ¼ 0.05.
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success did not differ (P . 0.05) between grazed (29.9%)
and nongrazed (29.2%) pastures. Vegetative characteristics
measured at the nest site did not differ (U � 3,517, P �
0.311) between nests in grazed and nongrazed pastures.
Nest-site characteristics (U � 693, P � 0.169) and nest
success (P . 0.05) within vegetative zones did not differ
between grazed and nongrazed pastures; upland grazed (n¼
31 nests) versus upland nongrazed (n ¼ 56 nests), and
riparian grazed (n¼ 38 nests) versus riparian nongrazed (n¼
56 nests).

However, comparison of random plots indicated non-
grazed pastures had 3.5% more canopy cover, 4.2% more
grass cover, 2.4% more litter cover and 1.9% less bare
ground, and 5% less forb cover than random plots in grazed
pastures (Table 5). Random plots in RP zones had 7.2%
more canopy cover, 5.5% more grass cover, 3.3 cm less
visual obstruction, 5% less shrub cover, and 2.2% less forb
cover than random plots in UP zones (Table 5). Random
plots in RN had 5.5% more grass cover and 2.8% less bare
ground than random plots in RG. Random plots in UN had
4.3% more canopy cover, 3.2% more grass cover, 3% more
litter cover and 1.3% less bare ground, and 6.5% less forb
cover than random plots in UG (Table 5).

Availability of vegetative characteristics differed (v2 �
5.41, P , 0.025) in all comparisons and indicated distinct

crossover points. Grazed pastures had a larger proportion of
plots with 0–9% grass cover (v2¼ 20.4, P , 0.005; Fig. 1),
30–39% forb cover (v2¼ 44.1, P , 0.005), and 0–9% litter
cover (v2 ¼ 27.2, P , 0.005). Nongrazed pastures had a
larger (P , 0.05) proportion of plots with 0–9% forb cover
and 30–39% litter cover. Riparian zones had a larger (P ,

0.05) proportion of plots with .10% canopy cover (v2 ¼
113.7, P , 0.001) and 0–10 cm visual obstruction (v2 ¼
34.6, P , 0.005). Upland zones had a larger (P , 0.05)
proportion of plots with 10–19% grass cover (v2 ¼ 63.1, P

, 0.005) and riparian zones had a larger (P , 0.05)
proportion of plots �70% grass cover. The proportion of
plots with �10% shrub cover (v2 ¼ 89.8, P , 0.001) was
higher (P , 0.05) in upland zones.

DISCUSSION

Previous studies indicated turkeys selected lightly grazed or
deferred pastures (Walker 1948) or turkeys exhibited no
preference (Jones 1981). Our results supported the concept
of no evident pasture selection for either nonnesting females
or males with the exception of male turkeys at the Gene
Howe. However, the small sample size (n ¼ 4) at Gene
Howe may not have been a representative sample of the
population. Simulation results of Alldredge and Ratti (1986)
required �20 animals for adequate power hypothesis

Table 5. Comparison of Rio Grande wild turkey habitat characteristic availability measured at random plots in each pasture type and vegetative zone from
January 2000 through August 2004 on the southern Great Plains, USA (pooled over yr and study areas).

Variable

Grazeda Nongrazedb x̄ Rank Mann–Whitney

x̄ SE x̄ SE Grazed Nongrazed U P

% canopy cover 8.5 0.8 11.9 0.8 736.56 826.97 267,528.0 �0.001
% grass cover 40.4 0.9 44.6 0.8 740.76 823.99 270,275.0 �0.001
% bare ground 16.8 0.6 14.9 0.5 831.96 759.45 274,382.0 0.002
% forb cover 20.7 0.7 15.7 0.5 872.75 730.58 247,701.5 �0.001
% litter cover 10.7 0.5 13.1 0.5 738.24 825.78 268,626.5 �0.001

Riparianc Uplandd Riparian Upland

% canopy cover 13.5 0.9 6.3 0.5 1,402.25 1,123.11 505,425.0 �0.001
Visual obstruction (cm) 21.3 0.5 24.6 0.4 1,082.05 1,282.81 547,736.5 �0.001
% grass cover 46.2 0.9 40.7 0.6 1,317.52 1,165.36 573,966.5 �0.001
% shrub cover 6.6 0.4 11.6 0.3 985.20 1,331.11 469,385.0 �0.001
% forb cover 16.2 0.6 18.4 0.4 1,136.18 1,255.81 591,524.0 �0.001

RGe RNf RG RN

% grass cover 44.0 1.7 49.5 1.3 271.27 308.54 35,785.0 0.009
% bare ground 16.3 1.1 13.5 0.8 312.40 282.23 36,778.5 0.035

UGg UNh UG UN

% canopy cover 6.3 0.9 10.6 0.9 444.97 523.30 98,523.0 �0.001
% grass cover 38.6 1.1 41.8 0.9 464.95 508.13 106,957.0 0.018
% bare ground 16.9 0.7 15.6 0.6 510.41 473.63 108,493.5 0.043
% forb cover 22.3 0.9 15.8 0.7 553.27 441.10 90,406.5 �0.001
% litter cover 9.9 0.6 12.9 0.6 443.83 524.16 98,045.5 �0.001

a n ¼ 654 random plots.
b n ¼ 924 random plots.
c n ¼ 809 random plots.
d n ¼ 1,622 random plots.
e Riparian grazed (n ¼ 229 random plots).
f Riparian nongrazed (n ¼ 358 random plots).
g Upland grazed (n¼ 422 random plots).
h Upland nongrazed (n ¼ 556 random plots).
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testing. Nesting females selected nongrazed pastures at
Matador and Cimarron. Once again, Gene Howe was the
exception which may also be due to the small number (n ¼
26) of nesting sites located in known pasture types (Table 1).
Males and females (including nesting F) selected for riparian
zones in all analyses. Brunjes (2005) reported 96% of all
turkey locations occurred within �400 m of riparian
corridors on these study areas.

The height of visual obstruction was the best vegetative
characteristic to differentiate nest sites from PNR sites. The
remaining variables selected by logistic regression analysis
were secondary to the visual obstruction component. The
mean height (39 cm) of visual obstruction used for nesting
sites supported the assertions of previous studies (Ransom et
al. 1987, Day et al. 1991, Wakeling et al. 1998).

In riparian zone nests, grass composition was higher
(52.8%, P � 0.001; Table 4) and there was a greater
percentage of canopy cover (23.1%, P � 0.001; Table 4). In
the upland zones, there were more shrubs at the nest site
(25.1%, P � 0.001; Table 4). These trends also held true
for random points in both vegetative zones, suggesting birds
did not select shrubs in upland and grass in riparian zones;
they simply used the components available after selection of
a vegetative zone. Day et al. (1991) found that in South
Dakota structure of nest cover was not species-specific and
turkeys utilized the best features of what was available.
Although nesting cover between vegetative zones differed in

composition, success was not different, which indicated
structure was more important than species composition in
nesting-site selection, assuming visual obstruction was
present.

We expected visual obstruction and nest success to differ
between nests in grazed and nongrazed pastures, but our
results did not support that prediction. This indicated
females selected the same nesting-site structure regardless of
cattle presence. As long as there was herbaceous or shrub
cover that provided 35–45 cm of visual obstruction, grazing
activity did not affect selection of nesting cover. Even when
pastures were grazed, some sites still provided sufficient
cover for nests (Holechek et al. 1982, Bareiss et al. 1986,
Wertz and Flake 1988).

Given the grazing intensities during our study, cattle
directly reduced the availability of one nesting-site compo-
nent, grass cover. Our data indicated a distinct crossover
point of grazing effects on grass availability (Fig. 1). This
effect on grass availability impacted the nesting character-
istics in riparian zones the most due to the high association
of riparian zone nests with grass cover. If desired nesting
habitat features are not easily accessible, female turkeys will
have to spend more time and travel greater distance to find
appropriate cover, increasing mortality risks.

Display sites used by male turkeys consisted of open areas
with little visual obstruction and fewer shrubs than
neighboring areas (Holdstock et al. 2005). We expected
males to select grazed pastures during the breeding season,
but they used both pasture types in proportion to their
availability even though grazed pastures had higher
proportions of display-site characteristics. No selection was
evident, but grazing may have served as a tool to maintain
open areas important for breeding, feeding, and brood-
rearing activities (Spears 2002).

MANAGEMENT IMPLICATIONS

Relationships of livestock grazing and turkey ecology can be
used to benefit nesting turkeys and maintain grazing
practices. Land managers that want to maintain turkey
production, as well as maintain a profitable livestock
enterprise, can balance both with some practical solutions.
Efforts directed at ensuring visual obstruction via shrubs in
upland zones and via herbaceous vegetation in riparian
zones, may be more efficient and beneficial for establish-
ment and maintenance of wild turkey nesting habitat. An
appropriate grazing plan to promote turkey nesting habitat
would include grazing upland zones from 1 April to 31
August, because turkeys use shrub cover for nesting sites in
upland zones, followed by controlled riparian zone grazing
after nesting season is completed (1 Sep to 31 Mar). This
would provide areas with increased forb production,
important for turkey brood-rearing (Spears 2002), while
maintaining herbaceous cover availability for turkey nesting
sites in riparian zones, and would maintain open areas used
by male turkeys during the breeding season for displaying
purposes.

Figure 1. Differences in Rio Grande wild turkey proportion of random
vegetation plots containing each class of percent grass cover between grazed
and nongrazed pastures from January 2000 through August 2004 on 3 study
areas in the Southern Great Plains, USA (pooled over yr and study areas).
Bonferroni intervals that overlap are not significant.
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