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ABSTRACT Traditional index-based techniques have indicated declines in Rio Grande wild turkey (Meleagris gallopavo intermedia;

hereafter, wild turkey) populations across much of Texas, USA. However, population indices can be unreliable. Research has indicated that

road-based surveys may be an efficacious technique for monitoring wild turkey populations on an ecoregion level. Therefore, our goal was to

evaluate applicability of road-based distance sampling in the Cross Timbers, Edwards Plateau, Rolling Plains, and South Texas ecoregions of

Texas. We conducted road-based surveys in each ecoregion during December 2007–March 2008 to estimate wild turkey flock encounter rates

and to determine survey effort (i.e., km of roads) required to obtain adequate sample sizes for distance sampling in each ecoregion. With

simulations using inflatable turkey decoys, we also evaluated effects of distance to a flock, flock size, and vegetative cover on turkey flock

detectability. Encounter rates of wild turkey flocks from road-based surveys varied from 0.1 (95% CI 5 0.0–0.6) to 2.2 (95% CI 5 0.8–6.0)

flocks/100 km surveyed. Encounter rates from surveys restricted to riparian communities (i.e., areas M1 km from a river or stream) varied from

0.2 (95% CI 5 0.1–0.6) to 2.9 (95% CI 5 1.5–6.7) flocks/100 km surveyed. Flock detection probabilities from field simulations ranged from

22.5% (95% CI 5 16.3–29.8%) to 25.0% (95% CI 5 13.6–39.6%). Flock detection probabilities were lower than expected in all 4 ecoregions,

which resulted in low encounter rates. Estimated survey effort required to obtain adequate sample sizes for distance sampling ranged from

2,765 km (95% CI 5 2,597–2,956 km) in the Edwards Plateau to 37,153 km (95% CI 5 12,861–107,329 km) in South Texas. When we

restricted road-based surveys to riparian communities, estimated survey effort ranged from 2,222 km (95% CI 5 2,092–2,370 km) in the

Edwards Plateau to 22,222 km (95% CI 5 19,782–25,349 km) in South Texas.

KEY WORDS decoy, detectability, distance sampling, encounter rate, line transect, roads, simulation, survey effort, Texas, wild
turkey.

Wild turkey (Meleagris gallopavo) populations were increas-
ing for most of the 20th century and, therefore, few studies
have focused on developing rigorous techniques for
estimating abundance, density, and trends in populations
(Butler 2006, Butler et al. 2007a). Recently however,
biologists in Texas, USA, became concerned that Rio
Grande wild turkey (M. g. intermedia; hereafter, wild turkey)
populations had declined across much of the state (Brunjes
2005). In the past, Texas Parks and Wildlife Department
(TPWD) personnel have conducted brood counts (Schwert-
ner et al. 2003, Butler et al. 2007c), winter roost counts
(Thomas et al. 1966, Butler et al. 2006), and harvest surveys
(Cook 1973) to monitor population trends. However, these
index-based techniques lack power to detect anything but
drastic changes in populations (Schwertner et al. 2003,
Butler et al. 2007a). For example, brood counts had ,0.50
power to detect long term changes of ,0.20% (Schwertner
et al. 2003). Also, brood counts can index reproduction and
recruitment on localized levels, but they do not indicate
actual abundance (Weinstein et al. 1999, Butler et al.
2007c). Finally, winter roost counts can estimate abundance

on a localized level (Butler et al. 2006), but effort needed at
an ecoregion scale is prohibitive.

Road-based distance sampling is a common technique
used to survey avian species such as mountain quail (Oreortyx

pictus), red-legged partridge (Alectoris rufa), ring-necked
pheasants (Phasianus colchicus), wild turkeys, and red-tailed
hawks (Buteo jamaicensis; Brennan and Block 1986,
DeYoung and Priebe 1987, Millsap and LeFranc 1988,
Borralho et al. 1996, Venturato et al. 2009). Distance
sampling is popular because it alleviates problems associated
with indices by accounting for incomplete detectability
(Anderson 2001, Rosenstock et al. 2002, Butler 2006).
Butler et al. (2007a) evaluated distance sampling as a
method to survey wild turkeys in the Texas Rolling Plains
and found that road-based surveys provide sufficient power
(

L

0.80) to detect a 10–25% change in turkey populations
over an 8–12-year period; more drastic changes (35–50%)
were detectable in shorter periods (

M

3 yr). That study
suggested road-based distance sampling may effectively
monitor wild turkey populations on ecoregion scales at a
lower cost than other methods (e.g., aerial surveys, mark–
resight; Butler 2006; Butler et al. 2007b, 2008).

To avoid bias and obtain reliable density estimates of wild
turkeys, transects should not be positioned along roads unless
the target population is randomly distributed across the
landscape in relation to roads (Verner 1985, Thompson et al.

1 Present address: Texas Parks and Wildlife Department, 114 Center
Avenue, Suite 300, Brownwood, TX 76801, USA
2 E-mail: warren.ballard@ttu.edu
3 Present address: Gulf Coast Joint Venture, National Wetlands Research
Center, 700 Cajundome Boulevard, Lafayette, LA 70506, USA

Journal of Wildlife Management 74(5):1134–1140; 2010; DOI: 10.2193/2009-288

1134 The Journal of Wildlife Management N 74(5)



1998, Anderson 2001, Buckland et al. 2001, Marques 2007).
Butler et al. (2005) examined the relationship of wild turkey
distributions to roads in the Southern Great Plains during
2000–2003 and found areas ,100 m from roads were used in
proportion to availability during autumn–midday and winter–
morning. Similarly, in the Edwards Plateau, Rolling Plains,
and South Texas, Erxleben (2008) found wild turkeys tended
to use areas ,200 m from roads in proportion to availability
during 1 December–15 March, suggesting road-based surveys
conducted during that period should yield generally unbiased
results. These results suggested that sampling wild turkeys
from roads is not convenience sampling (Anderson 2001)
because wild turkey use of roads appears representative of the
wider landscape.

Due to concerns over possible declining trends in wild
turkey populations and because road-based distance sampling
is likely a more rigorous technique than the traditional index-
based techniques and more cost-effective than aerial surveys
and mark–resighting, we evaluated use of road-based surveys
to examine trends in wild turkey populations in the Cross
Timbers, Edwards Plateau, southern portion of the Rolling
Plains (hereafter, Rolling Plains), and South Texas eco-
regions of Texas, USA (Gould 1962). Our goal was to
evaluate line-transect–based distance sampling from roads
and determine flock encounter rates by each ecoregion and
time of day. Additionally, we compared encounter rates
obtained from surveys conducted in both riparian and
nonriparian communities to encounter rates obtained from
surveys conducted solely in riparian communities. We used
those encounter rates to determine effort (i.e., km of roads)
required to obtain adequate sample sizes for distance
sampling. We also conducted field simulations using inflatable
wild turkey decoys to determine wild turkey flock detectability
and factors influencing their detectability in each ecoregion.

STUDY AREA

The Cross Timbers ecoregion (Fig. 1) separated the plains
in the west from the forested hills of eastern Texas (Griffith
et al. 2004). Elevation ranged from 366 m to 596 m above
sea level (ASL) and average rainfall was 73 cm/year
(Hohensee 1999). Common grasses included little bluestem
(Schizachyrium scoparium), sideoats grama (Bouteloua curti-
pendula), and Texas wintergrass (Nassella leucotricha).
Common woody species included honey mesquite (Prosopis
glandulosa) and post oak (Quercus stellata; Hohensee 1999,
Griffith et al. 2004).

The Edwards Plateau ecoregion (Fig. 1) was a limestone
plateau primarily vegetated by juniper–oak ( Juniperus–
Quercus spp.) savannah and mesquite–oak savannah (Griffith
et al. 2004). The area contained many perennial streams and
received approximately 38–84 cm of rainfall/year (Griffith et
al. 2004). Elevation ranged from approximately 305 m to
915 m ASL (Randel 2003, Texas Economic Development
and Tourism, Office of the Governor 2003). Common
grasses included switchgrass (Panicum virgatum), indiangrass
(Sorghastrum nutans), and buffalograss (Buchloe dactyloides).
Common woody species included Ashe juniper ( J. ashei), live
oak (Q. fusiformis), and honey mesquite (Randel 2003).

The Rolling Plains ecoregion (Fig. 1) encompassed mostly
smooth to irregular plains with a large percentage of
cropland and oil and gas production (Griffith et al. 2004).
The region had many small stream valleys that flowed east
to southeast (Spears et al. 2002). Elevation ranged from
approximately 240 m to 910 m ASL and average rainfall was
55–76 cm/year (Spears 2002). Vegetation was mostly honey
mesquite–dominated grasslands with presence of sand
sagebrush (Artemisia filifolia), sand shinnery oak (Q.

havardii), and sand plum (Prunus angustifolia; Spears et al.
2007). Bluestems (Schizachyrium spp.) and gramas (Boute-

loua spp.) were dominant grasses (Spears 2002).
The South Texas ecoregion (Fig. 1) was once a rolling

grassland but due to extensive cattle grazing, vegetation
became primarily honey mesquite–scrub oak (Quercus spp.)
shrubland (Griffith et al. 2004). Elevation ranged from 0 m
to 305 m ASL and average precipitation was 65 cm/year
(Texas Economic Development and Tourism, Office of the
Governor 2003; Hernandez et al. 2005). Common woody
species included honey mesquite, huisache (Acacia farnesi-

ana), granjeno (Celtis pallida), and live oak (Hernandez et al.
2005). Some common grasses and forbs included doveweed
(Croton spp.), annual sunflower (Helianthus annuus), little
bluestem, and three-awns (Aristida spp.; Hernandez et al.
2005). Cattle grazing, hunting, and oil production were
widespread across the ecoregion (Griffith et al. 2004).

METHODS

We randomly established

L

100 16-km transects on county
roads or farm to market highways in rural areas of each

Figure 1. Map of Texas, USA, depicting 4 ecoregions (Gould 1962, Texas
Parks and Wildlife Department, Geographic Information Systems Lab 2008)
where we conducted Rio Grande wild turkey surveys during 2007–2008.
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ecoregion as suggested by Butler et al. (2007a). We excluded
all state and federal highways due to traffic volume and we
excluded all private roads because of land access limitations.
There were 40,562 km of available roads in the Cross
Timbers, 22,340 km of roads in the Edwards Plateau,
29,955 km of roads in the Rolling Plains, and 23,670 km of
roads in South Texas. We used ArcMapTM version 9.2 and
Hawth’s Analysis Tools (Beyer 2004) to generate random
transect start points on roads in each ecoregion. We used a
Global Positioning System to record each transect (Univer-
sal Transverse Mercator [UTM], North American Datum
1983). We drove each transect until we mapped a 16-km
route. If we came to a road intersection, we randomly chose
the path that allowed us to complete a 16-km transect
without intersecting the same or any other transects. If we
arrived at an intersection and more than one possible route
met those conditions, we flipped a coin to determine which
direction to proceed.

Road-Based Distance Sampling Surveys
With the help of TPWD personnel, we conducted road-
based surveys during 1 December 2007–15 March 2008 in
each ecoregion. Prior to conducting surveys, we trained each
observer to follow survey protocols. We surveyed all
transects at least once and surveyed some transects again if
time permitted. We did not treat additional surveys of a
transect as independent surveys. Instead, we pooled data
from repeat visits of a transect and treated it as one transect
with its associated effort as twice its line length (Buckland et
al. 2001). To ensure we did not conduct surveys during wild
turkey roosting activities, we began surveys 30 minutes after
sunrise and finished surveys 1 hour before sunset. We
conducted all surveys on days with no precipitation or fog,
which could reduce flock detectability. We conducted
surveys from a 4-wheel drive pickup truck with one observer
traveling at 16–32 km/hour. The observer was also the
driver of the pickup truck. To maintain independence of
sighting events, we recorded each flock, rather than each
bird, as an individual observation (Buckland et al. 2001).
When we detected a flock, we used a BushnellH Yardage Pro
Scout rangefinder (Bushnell Performance Optics, Bausch &
Lomb, Inc., Overland Parks, KS) to estimate sighting
distance to the center of the flock. For each observation, we
collected a sighting distance, a sighting bearing, and the
UTM coordinate on the transect at the point where we
collected the measurements. We used these measures to
estimate perpendicular distance (m) to the center of each
observed flock. We recorded all measurements to the
location of the flock prior to flushing. Observers usually
recorded measurements perpendicular to the flock or from a
location that provided the least obstructed view. We also
recorded flock size, flock composition (i.e., no. by gender
and age), and any flushing responses (i.e., none, walked
away, ran away, or flew away) for each observation. To assess
vegetative cover for each observation that could potentially
obscure flocks from detection, we classified vegetation as
grassland, low-density understory (,50% visual obstruc-
tion), or high-density understory (.50% visual obstruction).

To determine flock encounter rates, we divided data into
surveys conducted during the first half of daylight hours
(AM) and surveys conducted during the last half of daylight
hours (PM), and then used DISTANCE 5.0 (Thomas et al.
2005) to calculate AM, PM, and combined encounter rates
for each ecoregion to determine when road-based surveys
would be most appropriate. Butler et al. (2007a) found a
sample size of

L

60–70 flock detections was necessary to
detect a 10–25% change in population density in 8–12 years
or a 35–50% change in

M

3 years. Therefore, we used
estimated encounter rates to determine kilometers of road
needed to detect 60 flocks within each ecoregion. We did
not use DISTANCE 5.0 to estimate wild turkey densities
due to low encounter rates.

Butler et al. (2007a) used a similar methodology to
evaluate road-based surveys in the Texas Rolling Plains but
restricted their survey transects to areas

M

1 km from
riparian vegetative communities because wild turkeys are
dependent on riparian communities in the Rolling Plains
(Brunjes 2005). We compared encounter rates obtained
from surveys conducted in both riparian and nonriparian
communities to encounter rates from surveys conducted
solely in riparian communities (hereafter, riparian surveys).
Using ArcMapTM version 9.2 and Hawth’s Analysis Tools
(Beyer 2004), we created a 1-km buffer around rivers and
streams (Texas Commission on Environmental Quality
2008). To determine the appropriate riparian buffer, we
calculated distances from radiotelemetry locations of wild
turkeys in the Edwards Plateau (n 5 4,979) and Rolling
Plains (n 5 47,472) to the nearest river or stream. In the
Edwards Plateau, 90% of locations were

M

998 m from a
river or stream and in the Rolling Plains, 90% of locations
were

M

824 m from a river or stream. Using the riparian
buffers and data from road-based surveys of both riparian
and nonriparian communities, we determined encounter
rates from those portions of surveys conducted in riparian
communities. We then used riparian encounter rates to
determine length (km) of roads needed to detect 60 flocks
within each ecoregion if we restricted surveys to riparian
communities (i.e., within 1 km of rivers and streams).

Decoy Simulation Surveys
To evaluate flock detectability, we conducted field simula-
tions using inflatable turkey decoys (Sceery Outdoors, Ltd.,
Santa Fe, NM) during the same period as road-based
distance sampling surveys for live birds. Butler et al. (2007a)
evaluated use of inflatable decoys to simulate live wild turkey
flocks in the Rolling Plains and found detection probabil-
ities similar to that of wild turkey flocks (decoy flock, 69.3 6

6.2% [x̄ 6 95% CI]; wild turkey flock, 62.2 6 18.3%). We
conducted simulation surveys on private and public roads
and set up decoy flocks on both sides of the road. For each
simulation, we placed 12–18 decoy flocks at random
distances from 0–200 m on either side of the transect. We
did not place flocks .200 m from the transect because
previous research indicated flock detection was unlikely at
distances .200 m from roads (Butler et al. 2007a). We
randomly varied flock size from 1 decoy to 50 decoys. We
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used 3–5 observers to survey each simulation; each observer
conducted the survey independent of the other observers.
When conducting decoy simulation surveys, the observer
followed the same protocol as described for the road-based
surveys of live birds.

We used paired t-tests (Zar 1999, Butler et al. 2007a) to
determine accuracy of observers’ estimates of distances (m)
to decoy flock center and decoy flock size. We used t-tests
(Zar 1999) to compare distances (m) and flock sizes of
detected and undetected decoy flocks. To evaluate decoy
flock detectability, we analyzed the simulation survey data
using logistic regression (Hosmer and Lemeshow 2000,
Butler et al. 2007a) in SPSSH 16 (SPSS Inc., Chicago, IL).
We created 9 a priori logistic regression models and then
used the quasi-likelihood second-order Akaike’s Informa-
tion Criterion (QAICc; Burnham and Anderson 2002) to
evaluate effects of distance to a flock, flock size, and
vegetative cover on flock detection. To adjust for over-
dispersed data, we estimated a variance inflation factor (ĉ)
from the global model and then used QAICc weights for
model selection (Burnham and Anderson 2002).

RESULTS

Road-Based Distance Sampling Surveys
We established 100 16-km transects in the Cross Timbers
(1,680 km; 4.1% of available roads in the ecoregion; 152
surveys totaling 2,566 km), 100 in the Edwards Plateau
(1,648 km; 7.4% of available roads in the ecoregion; 106
surveys totaling 1,751 km), 102 in the Rolling Plains
(1,709 km; 5.7% of available roads in the ecoregion; 106
surveys totaling 1,774 km), and 100 in South Texas
(1,670 km; 7.1% of available roads in the ecoregion; 111
surveys totaling 1,858 km). We conducted 2 surveys on 52
transects (886 km) in the Cross Timbers, 6 transects

(102 km) in the Edwards Plateau, 4 transects (65 km) in the
Rolling Plains, and 11 transects (188 km) in South Texas.
Number of flocks we detected in each ecoregion ranged
from 3 in South Texas to 38 in the Edwards Plateau
(Table 1). Encounter rates varied from 0.1 (95% CI 5 0.0–
0.6) flocks/100 km during AM surveys in South Texas to
2.2 (95% CI 5 0.8–6.0) flocks/100 km during PM surveys
in Edwards Plateau (Table 1). In the Cross Timbers,
Edwards Plateau, and South Texas ecoregions, we observed
more flocks during PM surveys (Table 1). We observed
more flocks during AM surveys in the Rolling Plains
(Table 1). Amount of survey effort required to obtain 60
flock observations was 13,994 km (95% CI 5 6,734–
29,079 km) in the Cross Timbers, 2,765 km (95% CI 5

2,597–2,956 km) in the Edwards Plateau, 6,250 km (95%
CI 5 5,941–6,593 km) in the Rolling Plains, and 37,153 km
(95% CI 5 12,861–107,329 km) in South Texas (Table 1).

We surveyed 1,971 km in riparian communities (i.e.,
within 1 km of rivers and streams) in the Cross Timbers,
1,297 km in riparian communities in the Edwards Plateau,
1,086 km in riparian communities in the Rolling Plains, and
1,124 km in riparian communities in South Texas. Number
of flocks we detected on transect segments M1 km from a
river or stream ranged from 3 in South Texas to 35 in the
Edwards Plateau (Table 2). Encounter rates in riparian
communities varied from 0.2 (95% CI 5 0.1–0.6) flocks/
100 km during AM surveys in South Texas to 2.9 (95% CI
5 1.5–6.7) flocks/100 km during PM surveys in the
Edwards Plateau (Table 2). Amount of survey effort
required to obtain 60 flocks if we restricted surveys to
riparian communities was 9,836 km (95% CI 5 8,963–
10,897 km) in the Cross Timbers, 2,222 km (95% CI 5

Table 1. Encounter rates of Rio Grande wild turkey flocks during road-
based surveys we conducted from 1 December 2007 to 15 March 2008 in
the Cross Timbers, Edwards Plateau, Rolling Plains, and South Texas
ecoregions of Texas, USA.

Ecoregiona nb ERc Effortd CV(%)

95% CI

Lower Upper

Cross Timbers 12 0.43 13,994 38.15 0.21 0.89

AM 6 0.41 14,634 40.50 0.19 0.89
PM 6 0.55 10,940 46.13 0.23 1.32

Edwards Plateau 38 2.17 2,765 32.26 2.03 2.31

AM 22 2.14 2,804 36.43 1.06 4.34
PM 16 2.21 2,715 52.68 0.81 6.00

Rolling Plains 17 0.96 6,250 24.51 0.91 1.01

AM 9 1.03 5,825 34.50 0.53 2.03
PM 8 0.89 6,742 32.77 0.47 1.68

South Texas 3 0.16 37,153 57.52 0.06 0.47

AM 1 0.10 59,595 103.32 0.02 0.56
PM 2 0.23 25,933 70.49 0.06 0.83

a AM represents surveys we conducted during the first half of daylight hr.
PM represents surveys we conducted during the last half of daylight hr.

b No. of wild turkey flocks we observed.
c Encounter rate of wild turkey flocks/100 km surveyed.
d Survey effort (i.e., km of roads) required to observe 60 wild turkey

flocks.

Table 2. Encounter rates of Rio Grande wild turkey flocks during road-
based surveys we conducted from 1 December 2007 to 15 March 2008 in
riparian communities (i.e., areas

M

1 km from a river or stream) in the Cross
Timbers, Edwards Plateau, Rolling Plains, and South Texas ecoregions of
Texas, USA.

Ecoregiona nb ERc Effortd CV(%)

95% CI

Lower Upper

Cross Timbers 12 0.61 9,836 49.82 0.55 0.67

AM 6 0.52 11,539 52.61 0.30 1.02
PM 6 0.73 8,219 60.11 0.32 1.49

Edwards Plateau 35 2.70 2,222 31.37 2.53 2.87

AM 20 2.54 2,362 35.62 1.46 4.74
PM 15 2.94 2,041 51.22 1.54 6.73

Rolling Plains 15 1.38 4,348 26.29 1.31 1.45

AM 8 1.53 3,927 36.49 1.03 2.54
PM 7 1.24 4,839 33.36 0.82 2.04

South Texas 3 0.27 22,222 60.15 0.24 0.30

AM 1 0.18 33,333 96.94 0.10 0.64
PM 2 0.36 16,667 73.98 0.19 0.92

a AM represents surveys we conducted during the first half of daylight hr.
PM represents surveys we conducted during the last half of daylight hr.

b No. of wild turkey flocks we observed.
c Encounter rate of wild turkey flocks/100 km surveyed in riparian

communities.
d Survey effort (i.e., km of roads) required to observe 60 wild turkey

flocks.
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2,092–2,370 km) in the Edwards Plateau, 4,348 km (95%
CI 5 4,135–4,584 km) in the Rolling Plains, and 22,222 km
(95% CI 5 19,782–25,349 km) in South Texas (Table 2).

Decoy Simulation Surveys
In the Edwards Plateau, we conducted 10 simulation surveys
and detected 32 of 130 (24.6%; 95% CI 5 17.5–32.9%)
decoy flocks; in the Rolling Plains we conducted 10 surveys
and detected 36 of 160 (22.5%; 95% CI 5 16.3–29.8%)
decoy flocks; and in South Texas we conducted 3 surveys
and detected 12 of 48 (25.0%; 95% CI 5 13.6–39.6%) decoy
flocks. We underestimated distances (m) from the transect
to flock center by 4.3 6 2.2 m (x̄ 6 95% CI; t 5 3.813, df 5

79, P , 0.001). Undetected decoy flocks were 54.1 6 11.2 m
(x̄ 6 95% CI; t 5 9.492, df 5 336, P , 0.001) farther from
transects than detected decoy flocks and detected decoy
flocks contained 5.9 6 3.5 (x̄ 6 95% CI; t 5 3.301, df 5

336, P 5 0.001) more decoys than undetected decoy flocks.
During simulation surveys, detected decoy flock sizes were
also underestimated by 3.9 6 1.4 (x̄ 6 95% CI; t 5 5.451,
df 5 79, P , 0.001) decoys.

The most parameterized model for flock detectability
(Table 3) contained most of the QAICc weight (wi 5

0.827, intercept 5 1.102, SE 5 0.470, x2 5 17.367, df 5 8, P

5 0.027) suggesting that distance (m) to flocks, flock size,
and vegetative cover contributed to flock detectability. Flock
detectability decreased with increased distance (odds ratio 5

0.970, SE 5 0.006, Wald Statistic [W ] 5 29.099, df 5 1,
P , 0.001) from roads, increased with increased flock size
(odds ratio 5 1.050, SE 5 0.015, W 5 10.412, df 5 1, P 5

0.001), and decreased with increased vegetative cover. Flock
detectability in high-density understory was 98.4% lower
than that of grassland (odds ratio 5 0.016, SE 5 0.651, W 5

40.439, df 5 1, P , 0.001) and detectability in low-density
understory was 67.5% lower than that of grassland (odds ratio
5 0.325, SE 5 0.405, W 5 7.687, df 5 1, P 5 0.006).

DISCUSSION

Estimated flock encounter rates obtained from surveys in
both riparian and nonriparian communities were low,

requiring large survey efforts (2,765–37,153 km) to make
road-based distance sampling feasible for monitoring popu-
lation trends in most ecoregions (Table 1). Encounter rates
from riparian surveys were greater, reducing required survey
effort (2,222–22,222 km; Table 2). These results suggest
road-based surveys may prove applicable in the Edwards
Plateau and Rolling Plains ecoregions if surveys are restricted
to areas M1 km from rivers and streams. If managers survey
128–246 16-km transects (2,048 km of transects during PM
in the Edwards Plateau to 3,936 km of transects during AM
in the Rolling Plains; Table 2) assuming a cost of US$0.35/
km (based on United States Internal Revenue Service
standard mileage rate for 2009), an ecoregion-wide survey
would cost approximately US$717–1,378 plus 128–246 hours
of personnel time, not including time and fuel costs for
traveling to and from the survey transects. However, this
would likely require access to large tracts of private land,
making annual surveys difficult. Conversely, limiting surveys
to public roads that occur primarily beyond riparian
communities would result in a generally infeasible technique
(though potentially feasible in the Edwards Plateau) because
of the increased survey effort required (Table 1).

Flock detection probabilities we obtained from road-based
simulation surveys were lower than expected, likely explain-
ing why live bird encounter rates were low. Butler et al.
(2007a), using similar techniques, found decoy flock
detectability in the Rolling Plains during winter was 67.0
6 13.0% (x̄ 6 95% CI), but we did not observe detection
probabilities .40.0% (detection probability within 100 m of
roads). Several reasons may explain the differences we
observed between the 2 studies. Both studies used multiple
observers with varying amounts of experience. However,
only one observer participated in both studies. That observer
had a decoy flock detection probability of 82.4% (95% CI 5

56.6–96.2; n 5 17) during the surveys of Butler et al.
(2007a) and 37.5% (95% CI 5 15.2–64.6%; n 5 16) in our
surveys, suggesting differences in detectability between the 2
studies were not due to the use of different observers.

Historically, the study area received an average summer
precipitation (May, Jun, and Jul combined) of approximately

Table 3. Flock detectability models for road-based distance sampling surveys of inflatable wild turkey decoys in the Edwards Plateau, Rolling Plains, and
South Texas ecoregions of Texas, USA; 1 December 2007–15 March 2008 (n 5 338). For each logistic regression model, 22 3 log-likelihood (22LL),
number of parameters (K), quasi-likelihood second-order Akaike’s Information Criterion (QAICc), difference in QAICc compared to lowest QAICc of the
model set (Di), QAICc weight (wi), and Hosmer and Lemeshow goodness-of-fit test statistics (GOF) are provided.

Modela 22LL K QAICc
b Di wi

GOF

x2 df P

Dist + flock + veg 181.8 6 96.0 0.00 0.83 17.367 8 0.027
Dist + veg 193.1 5 99.1 3.14 0.17 8.042 8 0.429
Veg 226.1 4 112.3 16.29 ,0.01 ,0.001 1 1.000
Flock + veg 222.2 5 112.6 16.56 ,0.01 21.873 8 0.005
Dist + flock 261.7 3 126.6 30.63 ,0.01 10.405 8 0.238
Dist 279.9 2 133.0 37.01 ,0.01 41.682 8 ,0.001
Flock 359.3 2 169.6 73.57 ,0.01 57.296 8 ,0.001
Constant 369.9 1 172.4 76.42 ,0.01
Ecoreg 369.6 4 178.4 82.42 ,0.01 ,0.001 1 1.000

a Constant 5 constant detection probability independent of flock size, distance, vegetative cover, and ecoregion; dist 5 distance; ecoreg 5 ecoregion; flock
5 flock size; and veg 5 vegetative cover.

b To adjust for overdispersed data, we estimated a variance inflation factor (ĉ 5 2.17) from the global model to estimate QAICc for each model.
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19 cm in the west to approximately 33 cm in the east
(PRISM Group 2008). During 2007, the average summer
precipitation for those areas ranged from 23 cm in the west
to 110 cm in the east (PRISM Group 2008). Accordingly,
the summer of 2007 ( Jun–Aug) was the wettest recorded
summer since 1895, with a state-wide average of 36 cm of
rainfall (National Climatic Data Center, U.S. Department
of Commerce 2008). Abnormally high rainfall led to
increased vegetative cover in all 4 ecoregions. Based on
personal observations of thick stands of annual forbs and
dense grasses and the results of our modeling efforts, high-
density vegetative cover was a likely cause of low detection
probabilities in each ecoregion. When Butler et al. (2007a)
conducted field simulations in the Rolling Plains, they
observed a higher detection probability. The summer
precipitation prior to their surveys was near or below
average each year (15–19 cm; PRISM Group 2008).
Therefore, during years with average rainfall, detection
probabilities (67.0 6 13.0% [x̄ 6 95% CI]) were 2.3 times
greater than during years with above average rainfall (28.6%,
95% CI 5 20.2–38.2%; detection probability within 100 m
of roads) in the Rolling Plains. Further research is needed to
determine if flock detection probabilities for wild turkeys are
higher during years with average precipitation in the other
ecoregions.

During simulation surveys, observers underestimated
perpendicular distances to decoy flocks (4.3 6 2.2 m [x̄ 6

95% CI]) and flock sizes (3.9 6 1.4 [x̄ 6 95% CI]). Though
measurement errors with laser rangefinders have been
reported in the literature (Pierce 2000, Ransom and Pinchak
2003, Butler et al. 2007a), underestimating distances biases
density estimates high and underestimating flock sizes biases
density estimates low. It is unlikely these biases cancel each
other and, therefore, more effort should be made during
surveys to obtain accurate measurements (Buckland et al.
2001). If road-based distance sampling surveys are used to
monitor wild turkey populations, we recommend all
observers undergo adequate training to help maximize
number of flock detections and reduce potential measure-
ment errors during surveys.

Long-term monitoring programs could allow data to be
pooled across ecoregions or years to bolster sample sizes for
estimating detection functions, further reducing required
survey effort. Distance sampling models are generally robust
to pooling if detection functions remain similar among
ecoregions, years, and observers (Buckland et al. 2001). We
found flock detection probabilities were similar among
ecoregions but detection probabilities were quite different
from those found by Butler et al. (2007a). However, these
differences may be accounted for with covariates such as
vegetative cover, though caution should be used when
pooling data. Further, we recommend future research should
examine applicability of data pooling in an environment
where changes in precipitation may result in substantial
changes in detectability. Additionally, variation in encounter
rates may result from variation in weather conditions,
abilities of observers, wild turkey densities, and traffic
conditions.

MANAGEMENT IMPLICATIONS

If surveys are restricted to riparian communities, 128 16-km
transects surveyed during PM in the Edwards Plateau and
246 16-km transects surveyed during AM in the Rolling
Plains would be adequate (

L

0.80 power) to detect a 35–50%
change in population density in

M

3 years. Though much
longer periods are needed to detect smaller population
changes (8–12 yr to detect a 10–25% change; Butler et al.
2007a), typically detection of a 25–50% change is desired for
management purposes (Robson and Regier 1964, Healy and
Powell 1999). However, feasibility of road-based surveys
may vary depending on time and personnel constraints,
availability of roads, and fiscal restraints. Additionally,
traffic conditions may influence encounter rates but we
lacked data in the current study to examine this prospect.
Finally, our survey protocols may not be applicable to other
parts of the wild turkey’s range. Wildlife managers should
develop survey protocols tailored to the conditions of the
region in which they work.
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