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ABSTRACT Line-transect–based distance sampling has been used to estimate density of several wild bird species including wild turkeys

(Meleagris gallopavo). We used inflatable turkey decoys during autumn (Aug–Nov) and winter (Dec–Mar) 2003–2005 at 3 study sites in the

Texas Rolling Plains, USA, to simulate Rio Grande wild turkey (M. g. intermedia) flocks. We evaluated detectability of flocks using logistic

regression models. Our modeling effort suggested that distance to a flock and flock size played important roles in flock detectability. We also

conducted surveys from roads for wild turkeys during November 2004–January 2006. The detection probability of decoy flocks was similar to

wild turkey flocks during winter (decoy flock, 69.3 6 6.2% [x̄ 6 95% CI]; wild turkey flock, 62.2 6 18.3%) and autumn (decoy flock, 44.1 6

5.1%; wild turkey flock, 44.7 6 25.6%), which suggested that using decoys was appropriate for evaluating detectability of wild turkey flocks

from roads. We conducted computer simulations to evaluate the performance of line-transect–based distance sampling and examined the power

to detect trends in population change. Simulations suggested that population density may be underestimated by 12% during winter and 29%

during autumn. Such bias occurred because of incomplete detectability of flocks near roads. Winter surveys tended to have less bias, lower

relative variability, and greater power than did autumn surveys. During winter surveys, power was sufficient (�0.80) to detect a 10–25% change

in population density in 8–12 years using �100 16-km transects or �80 32-km transects. We concluded line-transect–based distance sampling

from roads is an efficient, effective, and inexpensive technique for monitoring Rio Grande wild turkey populations across large scales.
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Line-transect–based distance sampling is a common tech-
nique used to estimate density of many wildlife populations

(Brennan and Block 1986, Bollinger et al. 1988, Borralho et
al. 1996, Dahlheim et al. 2000, Anderson et al. 2001). Many

researchers, working on a variety of species, have suggested
line-transect density estimators are more reliable than other

techniques (Ratti et alk. 1983, Hanowski et al. 1990,
Southwell 1994, Rosenstock et al. 2002, Ruette et al. 2003).

However, little research has been conducted on line-
transect–based distance sampling from roads for estimating

wild turkey (Meleagris gallopavo) density. Most researchers
have dealt with small-scale, mark–recapture techniques

(Gribben 1986, Lint et al. 1995, Weinstein et al. 1995,
Cobb et al. 2001) or used indices of abundance such as

poults per adult female counts, roost counts, or harvest
surveys (Cook 1973; Shaw 1973; Palmer et al. 1990; Healy

and Powell 1999; Butler et al. 2006, 2007b). Though some
of the traditional index-based techniques can indicate trends

in wild turkey populations (Schwertner et al. 2003), they
were not designed with the sensitivity necessary to detect

anything but drastic changes. Though few studies have
assessed line-transect–based distance sampling for estimat-

ing wild turkey population densities (e.g., DeYoung and

Priebe 1987), reliable density estimates are important to
conservation efforts, management decisions, and evaluating

management activities (Sutherland 1996, Bibby et al. 2000,
Gibbs 2000, Lancia et al. 2005). Also, road-based survey

techniques have potential for regional applicability but other
techniques may be limited to relatively small management
units (e.g., DeYoung and Priebe 1987).

We examined use of line-transect–based distance sampling
from roads to estimate Rio Grande wild turkey (M. g.

intermedia) density. We were interested in evaluating the
accuracy, precision, and feasibility of the technique.
Specifically, the objectives of our research were 1) to
determine the effects of flock size and distance to a flock
on detectability of wild turkey flocks and 2) to evaluate the
accuracy and precision of wild turkey population density
estimates from line-transect–based distance sampling from
roads during winter and autumn. We hypothesized that
flock detectability was a function of perpendicular distance
from a flock to the transect and flock size. We expected
density estimates from line-transect–based distance sam-
pling along roads to improve with greater transect lengths
and transect numbers. We also examined costs associated
with applying the technique on ecoregion scales.

STUDY AREA

We conducted research at 3 study sites in the Texas Rolling
Plains, USA. The southern-most study site was centered on
the Matador Wildlife Management Area (WMA) located
northwest of Paducah in Cottle County along the
confluence of the Middle and South Pease rivers. The
northern-most study site was centered on the Gene Howe
WMA located northeast of Canadian in Hemphill County
along the Canadian River. We also conducted research on1 E-mail: matthew.j.butler@ttu.edu
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private ranches surrounding the Salt Fork of the Red River
(Salt Fork) located north of Hedley in eastern Donley and
western Collinsworth counties.

The vegetative cover at our study sites was about 30%
open, 66% brushland, and 4% woodland (Brunjes 2005).
Woodland vegetative cover primarily occurred in riparian
areas and windbreaks. The riparian areas of the 3 study sites
were dominated by cottonwood (Populus deltoides), western
soapberry (Sapindus drummondii), hackberry (Celtis occiden-

talis), netleaf hackberry (C. reticulate), sugarberry (C.

laevigata), honey locust (Gleditsia triacanthos), black locust
(Robinia pseudo-acacia), elms (Ulmus spp.), tamarisk (Tam-

arix chinensis), sand plum (Prunus angustifolia), Russian-
olive (Elaeagnus angustifolius), and skunkbush sumac (Rhus

aromatica). Windbreaks were dominated by elms, cotton-
wood, black locust, honey locust, and osage-orange (Maclura

pomifera). The upland rangeland areas were dominated by
mesquite (Prosopis glandulosa), sand sagebrush (Artemisia

filifolia), redberry juniper (Juniperus pinchotii), shinnery oak
(Quercus havardii), sand plum, and acacia (Acacia spp.).

At our study sites, leaf fall usually occurred in late
November (M. J. Butler, Texas Tech University, personal
observation) and most wild turkey nesting activity con-
cluded by late July (Hall 2005, Huffman 2005). Based on
Rio Grande wild turkey distributional patterns obtained
from radiotelemetry, Butler et al. (2005) found autumn
midday and winter mornings were probably the best times
in the Texas Rolling Plains to conduct line-transect–based
distance sampling from roads. Primary land uses at the
study sites were cattle ranching interspersed with center-
pivot agriculture, dry-land agriculture, and oil and gas
development. Road density averaged 12.1 m per ha at our
study sites (Butler et al. 2005). More detailed descriptions
of the study sites were provided by Spears et al. (2002),
Holdstock et al. (2006), Huffman et al. (2006), and Butler
et al. (2007b).

METHODS

Experimental Design and Field Methods
We used Sceeryt inflatable turkey decoys (approx. US$8.75
each, Sceery Outdoors, Ltd., Santa Fe, NM) to simulate
wild turkey flocks during 2003–2005. We conducted 6 field
simulations in autumn (Aug–Nov) and 4 in winter (Dec–
Mar). For each field simulation, we placed 9–17 decoy flocks
at random distances (0–100 m) from the road transect. We
placed decoy flocks �100 m from the road transects because
we suspected detectability was limited beyond 100 m. We
allowed decoy flock size to randomly vary between 1 and 50
decoys. We surveyed each field simulation 3–11 times from
a pickup truck. We conducted each survey using one
observer and we allowed an observer to survey a field
simulation only once. We did not reposition decoy flocks
after each survey because we wanted to include observer
variability in the detection process. This allowed inference to
be drawn about the detection process across multiple
observers for a variety of flock sizes and distances.

We instructed the observers to focus most of their effort

close to the transects because an important assumption of
line-transect–based distance sampling is that detection of
flocks close to the line is 1.0 (Buckland et al. 2001). We
conducted surveys during clear weather and drove transects
at a speed of 16–32 km per hour. We used a Bushnellt
Yardage Pro Scout (Bushnell Performance Optics, Bausch
& Lomb, Inc., Overland Park, KS) or Nikont Laser 600
(Nikon, Inc., Tokyo, Japan) rangefinder and compass
bearings to estimate perpendicular distance to observed
flocks. We used a Trimble Global Positioning System (GPS
Pathfinder Pro XRS Receiver with TSC1 Asset Surveyor
version 5.27 or GeoExplorer 3) to record the actual survey
roads and locations of all the prepositioned turkey decoy
flocks. We corrected Universal Transverse Mercator (UTM)
coordinates with GPS Pathfindert Office 2.70. We used
corrected UTM coordinates to measure minimum distance
from the road to prepositioned decoy flocks.

We conducted line-transect–based distance sampling
from roads for wild turkeys during November 2004–January
2006 to evaluate the similarity of detection probabilities
between inflatable turkey decoy and wild turkey flocks. We
randomly selected surveyed road sections with constraints.
We limited selected road sections to public roads and
private roads to which landowners allowed us access. We
also limited selected roads to areas �1 km from riparian
vegetative communities because wild turkeys are dependent
on riparian communities in the Texas Rolling Plains
(Brunjes 2005). We surveyed 10 road sections at the Salt
Fork study site (44.1 km total length), 6 at Matador (37.5
km total length), and 6 at Gene Howe (30.2 km total
length).

We conducted road surveys 2–3 times per month using the
same methods described above for turkey decoys. We
truncated distance data beyond 100 m during analysis for
comparability with decoy surveys. We also recorded the
flushing response of wild turkey flocks. We defined flushing
as movement of a flock away from the road as an observer
approached. We evaluated the relationship between flushing
response and distance using logistic regression (Hosmer and
Lemeshow 2000). The dependent variable for flushing
response was a binary variable where 1 was flock flushed and
0 was flock did not flush. We used SPSSt 13.0 (SPSS Inc.,
Chicago, IL) to analyze the data.

Modeling Detectability
We evaluated the detectability of decoy flocks as a function
of perpendicular distance from the transect to the flock and
flock size. We used SPSSt 13.0 to analyze the data using
logistic regression (Hosmer and Lemeshow 2000). The
response variable for flock detection was a binary variable
where 1 was flock detected and 0 was flock not detected. We
evaluated 4 a priori models: detectability dependent on
distance and flock size, detectability dependent on distance,
detectability dependent on flock size, and detectability
independent of flock size and distance (constant). To
evaluate the evidence for each model, we used Akaike’s
Information Criterion corrected for small sample size
(AICc), which has an additional bias-correction term,
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because Akaike’s Information Criterion performs poorly
when the ratio of sample size to the number of parameters in
the model is small (Burnham and Anderson 2002). In
addition, we used AICc because it is an unbiased estimate of
the predictive accuracy of a model (Forster and Sober 2004)
and enforces parsimony, which is a trade-off between bias
and variance (Burnham and Anderson 2001, 2002). We
evaluated the goodness-of-fit of the most parameterized
model (Anderson and Burnham 2002) using the Hosmer–
Lemeshow test (Hosmer and Lemeshow 2000).

We used Program Distance 5.0 (Thomas et al. 2005) to
model the detection functions of the wild turkey survey data
during winter and autumn. We modeled the detection
functions using the key function þ series expansion
approach (Buckland et al. 2001). We used the uniform þ
cosine, half-normal þ cosine, and hazard-rate þ cosine
combinations to model the detection function. We used
each key function only once to avoid model redundancy
(Buckland et al. 1997, Burnham and Anderson 2002). We
evaluated the goodness-of-fit of each model using a chi-
square test (Thomas et al. 2005). We used AICc weights
(wi) to evaluate the evidence for each model. We used
model averaging (Burnham and Anderson 2002) to estimate
the probability of detection of wild turkey flocks. We
compared flock detection probabilities of decoys and wild
turkeys from roads.

Computer Simulations
We conducted computer simulations using the program-
ming capabilities of MatLabt 6.5 (The MathWorks, Inc.,
Natick, MA). We wrote a script that randomly simulated
flock size and distance from the transect. We used the script
to evaluate the performance of line-transect–based distance
sampling. We simulated populations at densities of 6, 12,
and 24 wild turkeys/km2, though density along each
simulated transect was allowed to vary. We used transect
lengths of 16 km and 32 km and we used 40, 60, 80, and 100
transects. We based the distribution of flock size in the
simulations on flock size data opportunistically collected at
our study sites during winter (Dec–Mar) 2003–2006 and
autumn (Aug–Nov) 2003–2005 (Butler 2006; Butler et al.
2007a, 2007b). We constrained the number of flocks by the
simulated total population size (abundance ¼ survey area 3

density). We randomly generated distances (0–100 m) from
the transect to the flock based on a uniform distribution. To
obtain predicted flock detection probabilities for the
simulated data, we allowed the script to model average
(Burnham and Anderson 2002) predictions from logistic
regression models specific to season. We randomly selected a
percentage of simulated flocks weighted by their detection
probability. The percentage of simulated flocks selected was
based on mean detection probability from the simulated
data.

We repeated each simulation 1,000 times for each
combination of season, transect length, transect number,
and density. We exported the detection data from MatLab
6.5. We implemented the multiple covariate distance
sampling (MCDS) engine, which is the analysis engine of

Program Distance 5.0, as a stand-alone Fortran program to
automate the analysis of the simulated data (Thomas et al.
2005). We used conventional distance sampling (Thomas et
al. 2005), which is now packaged as part of the MCDS
engine. We modeled the detection functions using the key
functionþ series expansion approach (Buckland et al. 2001).
We used AICc to select among the uniform þ cosine, half-
normal þ cosine, and hazard-rate þ cosine models of the
detection function. Though flock size should be counted
accurately at all distances, it is not likely at far distances.
Therefore, we used only flock sizes within 20 m of transects
to estimate average flock size; we could not assume bias
resulting from observing larger flock sizes at greater
distances and bias associated with increasing errors in
estimating flock size at greater distances canceled each
other. We obtained density estimates for each simulation
from the MCDS engine and determined the 95%
confidence interval for the density estimate using the simple
percentile approach for constructing confidence limits
(Manly 1997).

Typically, the detection of a 25% change in density is
desired for management objectives and a 10% change is
desired for research activities (Robson and Regier 1964,
Healy and Powell 1999). However, only severe changes
(e.g., 50%) in population density may be of interest.
Sampling noise can obscure an actual trend (Gibbs 2000)
and it is often assumed that because one fails to reject the
null hypothesis of no trend, no population trend is
occurring. However, that assumption rests on power, which
is a function of sample size and variation (Gerrodette 1987,
Thompson et al. 1998). Thus, enough effort to obtain an
80–90% chance of detecting a population trend is typically
recommended (Gibbs and Melvin 1997, Thompson et al.
1998). We used program TRENDS (Gerrodette 1987,
1991, 1993) and the relative variability from the computer
simulations to examine power to detect a change of 10–25%
(a ¼ 0.05) in Rio Grande wild turkey population density
when using line-transect–based distance sampling from
roads.

RESULTS

Field Simulations and Surveys
We set up 4 field simulations with a total of 215 pre-
positioned inflatable turkey decoy flocks during winter. We
surveyed each winter field simulation 3–5 times, resulting in
16 different surveys. During autumn, we set up 6 field
simulations with a total 370 pre-positioned decoy flocks.
We surveyed each autumn simulation 3–11 times, resulting
in a total of 24 different surveys. We surveyed about 22 km
and detected 149 (69.3 6 6.2%; x̄ 6 95% CI) decoy flocks
during winter. During autumn, we surveyed about 45 km
and detected 163 (44.1 6 5.1%; x̄ 6 95% CI) decoy flocks.
Distance from the transect to detected and undetected decoy
flocks were different during winter (x̄ difference ¼ 13.0 6

4.2 m, 95% CI; detected¼ 30.1 6 3.2 m; undetected¼ 42.6
6 4.4 m; t¼4.371, df¼213, P , 0.001) and during autumn
(x̄ difference ¼ 12.6 6 5.7 m; detected ¼ 27.4 6 3.0 m;
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undetected¼ 40.5 6 2.9 m; t¼ 6.046, df¼ 368, P , 0.001).
Detected decoy flock sizes were similar to undetected decoy
flock sizes during winter (x̄ difference ¼ 2.2 6 4.4; t ¼
1.480, df¼ 213, P¼ 0.140), but differed during autumn (x̄
difference¼ 7.7 6 2.3; detected¼ 20.8 6 1.7; undetected¼
13.2 6 1.6; t ¼ 6.432, df ¼ 368, P , 0.001). Distances
measured with rangefinders and compass bearings were
similar to distances obtained from corrected UTM coor-
dinates (x̄ difference¼ 1.77 6 3.18 m; t¼ 1.097, df¼ 279, P
¼ 0.274).

The most parameterized logistic regression model fit the
winter detection data (v2¼ 11.356, df¼ 8, P¼ 0.182) but it
did not fit the autumn detection data (v2¼ 65.506, df¼ 8, P
, 0.001). During winter, the second-best model (�2 3 log-
likelihood [�2LL] ¼ 245.465, no. of parameters (K) ¼ 3,
AICc ¼ 251.579, wi ¼ 0.439) suggested distance to a flock
from the transect and flock size combined played an
important role in flock detectability. Specifically, detect-
ability decreased with distance (odds ratio ¼ 0.968, W ¼
15.746, df ¼ 1, P � 0.001) and increased with flock size
(odds ratio ¼ 1.021, W ¼ 1.511, df ¼ 1, P ¼ 0.219). The
model with the most AICc weight (�2LL¼ 247.032, K¼ 2,
AICc ¼ 251.089, wi ¼ 0.561) during winter suggested
distance alone played an important role in flock detect-
ability; detectability decreased with increasing distance
(odds ratio¼ 0.968, W¼ 16.310, df¼ 1, P � 0.001). Also,
AICc weights suggested that flock size (�2LL¼ 262.912, K
¼ 2, AICc¼ 266.968, wi , 0.001) alone had little influence
on detectability and that it was unlikely that detectability
was constant (�2LL¼ 265.164, K¼ 1, AICc¼ 267.183, wi

, 0.001) during winter. During autumn, one model (�2LL
¼ 439.280, K¼ 3, AICc¼ 445.345, wi¼ 1.000) held all the
AICc weight, suggesting that distance to a flock from the
transect and flock size combined played an important role in
flock detectability. Specifically, detectability decreased with
distance (odds ratio¼ 0.969, W¼ 26.286, df¼ 1, P � 0.001)
and increased with flock size (odds ratio ¼ 1.057, W ¼
26.653, df ¼ 1, P � 0.001). However, it was unlikely that
detectability was constant (�2LL¼ 507.684, K¼ 1, AICc¼
509.695, wi , 0.001) and distance (�2LL¼ 472.104, K¼ 2,

AICc ¼ 476.136, wi , 0.001) or flock size (�2LL ¼
469.269, K ¼ 2, AICc ¼ 473.302, wi , 0.001) alone were
probably not influential in flock detectability during autumn.

We surveyed 22 road transects 2–3 times per month
during November 2004–January 2006. We observed 142
flocks of wild turkeys during winter (0.14 6 0.03 flocks/km;
x̄ 6 95% CI) and 122 during autumn (0.16 6 0.04 flocks/
km). During winter, 83 flocks were �100 m from road
transects (0.08 6 0.02 flocks/km) and during autumn 91
were �100 m (0.12 6 0.03 flocks/km). During winter
41.5% (33.4–50.1%, 95% CI) of observed wild turkey
flocks were beyond 100 m from roads and during autumn
25.4% (18.0–34.1%) were beyond 100 m. However, we
truncated distance data beyond 100 m so detectability
estimates were comparable to decoy surveys. Based on
model-averaged detection functions, the detection proba-
bility of wild turkey flocks during winter was 62.2 6 18.3%
(Table 1), but during autumn it was 44.7 6 25.6% (Table
1). We found 74.2% (55.4–88.1%, 95% CI) of wild turkey
flocks within 20 m of roads flushed. However, only 30.8%
(9.1–61.4%) of flocks within 20–40 m from roads flushed.
Also, logistic regression suggested that flushing response
decreased as distance increased (odds ratio ¼ 0.981, W ¼
14.447, df ¼ 1, P � 0.001). Although some wild turkey
flocks flushed when approached during road surveys,
detectability (Fig. 1) of wild turkey flocks was similar to
decoy flocks during winter (decoy flock detection, 69.3 6

6.2%; wild turkey flock detection, 62.6 6 18.3%) and
autumn (decoy flock detection, 44.1 6 5.1%; wild turkey
flock detection, 44.7 6 25.6%).

Computer Simulations
We obtained 1,066 counts of wild turkey flocks during
winter (Dec–Mar) 2003–2006 (Butler 2006, Butler et al.
2007a). Those counts suggested that flock sizes ranged
between 1–300 wild turkeys, although most (90.2%) ranged
between 1–50 wild turkeys. During winter, flock sizes were
approximately log-normally distributed with l¼ 2.74 and r
¼ 0.94 (Butler 2006, Butler et al. 2007a). We obtained 596
counts of wild turkey flocks during autumn (Aug–Nov)

Table 1. Line-transect–based distance sampling models of Rio Grande wild turkey flock detection from roads in the Texas Rolling Plains, USA, during
winter (n¼ 83) and autumn (n ¼ 91) 2004–2006.

GOF Detection

Modela �2LL K AICc Di wi v2 df P DP CV (%)

Winter
Uniform þ cosine 747.802 1 749.852 0.000 0.425 7.783 7 0.352 0.650 8.7
Half-normal 748.552 1 750.602 0.750 0.292 8.172 7 0.318 0.669 9.3
Hazard-rate 746.517 2 750.667 0.815 0.283 5.849 6 0.440 0.530 23.2
Model average 0.622 15.0

Autumn
Hazard-rate 809.377 2 813.513 0.000 0.590 5.878 7 0.437 0.355 21.4
Uniform þ cosine 813.205 1 815.250 1.737 0.248 7.954 7 0.337 0.614 7.3
Half-normal þ cosine 811.964 2 816.100 2.587 0.162 6.425 6 0.377 0.526 13.4
Model average 0.447 29.2

a Models are a key function or a key functionþ cosine series expansion. For each model, we give�2 3 log-likelihood (�2LL), no. of parameters (K),
second-order Akaike’s Information Criterion (AICc), difference in AICc compared to lowest AICc of the model set (Di), AICc wt (wi), goodness-of-fit (GOF)
statistics, and estimated detection probabilities (DP) and corresponding CVs.
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2003–2005 (Butler 2006). Those counts suggested that flock
sizes ranged between 1–90 wild turkeys, although most
(98.3%) ranged between 1–50 wild turkeys. During
autumn, flock sizes were approximately log-normally dis-
tributed with l¼ 2.22 and r¼ 0.91 (Butler 2006). We used
those distributions to generate simulated flock size data.

Simulations suggested the relative variability of density
estimates tended to decrease as density, length of transects,
and number of transects increase (Tables 2, 3). Also, the
relative variability tended to be less in winter surveys (Table
2) than in autumn surveys (Table 3). To obtain a relative
variability below 50% in low-density populations (e.g., 6
birds/km2), the simulations suggested the number of flock
detections necessary was �60–70, the number of transects
needed was �80, and transect length should be �32 km
(Tables 2, 3). In higher density populations, shorter and
fewer transects are needed to obtain a relative variability of
�50% (Tables 2, 3). The simulations suggested that density
estimates may be biased by as much as �12.2% during
winter (Table 2) and by as much as�28.7% during autumn
(Table 3). However, the confidence intervals for all density
estimates from the winter simulations contained true
density.

Power to detect trends in the rate of population change

improved as density, length of transects, and number of
transects increased. Also, power was greater during winter
surveys than autumn surveys. We found that a 10–25%
change in population density can be detected (�0.80 power)
in 8–12 years if the relative variability of density estimates
was �30%. However, a relative variability of only 50% was
needed to detect (�0.80 power) a 50% change in 8 years
and a relative variability of �30% would allow the detection
of a 50% change in 6 years. Simulations suggested winter
road surveys using �100 16-km road transects or �80 32-
km road transects could provide a relative variability of
�30% for estimates of a wide range of population densities
(Table 2). However, in autumn �100 32-km road transects
would be necessary to detect a similar change. Winter
surveys tended to have less bias, lower relative variability,
and greater power than did autumn surveys.

Survey Costs
Using �100 16-km or �80 32-km road transects during
winter can provide sufficient power (�0.80) to detect a 10–
25% change in population density in 8–12 years or a 50%
change in 6 years. This would require managers to survey
1,600–2,560 km of road transects every year. Assuming a
fuel economy of 6.4 km per L for the survey pickup and a
cost of US$0.75/L (USD) for fuel, the survey would cost
about US$188–300 plus 100–160 hours of personnel time.
However, these cost estimates do not include the time and
fuel required for travel to and from survey transects.

DISCUSSION

Our data suggested that using inflatable turkey decoys was
an appropriate technique for simulating wild turkey flocks to
evaluate flock detection. However, subtle movements and
flushing in wild turkey flocks could permit increased
detectability. Therefore, we recommend further compar-
isons of wild turkey and decoy flock detectability. We also
recommend managers and researchers continue using decoys
to evaluate observer abilities and provide additional
information on factors affecting detectability.

Distance and flock size tend to play primary roles in the
detection process (Thompson et al. 1998, Buckland et al.
2001) during line-transect–based surveys. Our results
confirmed their roles in detectability and provided empirical
models of the detection process. It is important that
simulations use values based on real data. Because our
simulations were based on flock size distributions and
detection patterns of flocks from roads, we believe that our
simulations provide realistic representations of line-trans-
ect–based distance sampling from roads in the Texas Rolling
Plains. The simulations suggested that density estimates
may be biased by about�12% during winter (Table 2) and
by about �29% during autumn (Table 3). Such negative
bias occurred because of incomplete detection of flocks near
roads and a sharp decline in detectability beyond 10–20 m
(Fig. 1). Though the flushing response in wild turkeys is
high near roads, some flocks were missed because of dense
vegetation, particularly in autumn. If animals on or near the
line transect are missed then the population estimates will be

Figure 1. Rio Grande wild turkey and inflatable turkey decoy flock
detection probabilities on the Texas Rolling Plains, USA, during winter
(Dec–Mar) and autumn (Aug–Nov) 2003–2006. Wild turkey flock-
detection probabilities are model-averaged estimates based on distance-
sampling models.
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biased low (Verner 1985, Thompson et al. 1998, Buckland
et al. 2001).

We found detectability increased with flock size (size-bias;
Otto and Pollock 1990). Therefore, estimates of mean flock
size based on all observations would be biased high
(Buckland et al. 2001). However, we could not assume that
flock size was accurately estimated at large distances (e.g.,
.20–40 m). It was likely we underestimated flock size,
which would lead to underestimation of mean flock size.
Though these 2 biases were opposite in direction, we could
not assume they canceled each other (Buckland et al. 2001).
Buckland et al. (2001) suggested a reasonable solution was
to estimate mean flock size from observations near the line
transect. We found flushing response of wild turkey flocks
�20 m from roads was 74.2% (55.4–88.1%, 95% CI),
suggesting flock detection near roads was likely not
influenced by flock size. Also, because of this flush response
and proximity to the line transect, estimates of flock size
were likely accurate within 20 m of roads. We found decoy
flock size within 20 m of roads was underestimated by 8.7 6

4.5% (x̄ 6 95% CI) during winter, which was likely biased
high because decoys could not flush in response to observers.
To avoid further bias in density estimates, all efforts should
be made to accurately estimate flock size.

Accurate measurement of distance is important to distance
sampling (Burnham et al. 1980, Buckland et al. 2001,
Rosenstock et al. 2002). Theoretically, measurement errors
cause negative bias in density estimates (Chen 1998).
However, with large sample sizes, Gates et al. (1985)

suggested that distance measurements with relatively small
random errors will still produce reliable density estimates,
though all efforts should be made to obtain accurate
measures of distance. Ransom and Pinchak (2003) found
that laser rangefinders produced reliable distance measure-
ment up to 100 m when compared to a conventional metric
tape. Pierce (2000) found that rangefinders, compass
bearings, and GPS coordinates produced a reliable measure
of minimum distance from roads to white-tailed deer
(Odocoileus virginianus) replicas. Our data also indicated
minimal measurement error (1.77 6 3.18 m) from laser
rangefinders and compass bearings.

Attraction of animals to the line transect will result in
inflated density estimates and avoidance by animals will bias
the density estimates low (Verner 1985, Thompson et al.
1998, Buckland et al. 2001, Hiby and Krishna 2001,
Rosenstock et al. 2002). Using roadways as line transects
may introduce such bias. Wild animal populations may often
avoid or be attracted to roads. Thus, many authors have
suggested that line transects should not be positioned along
roads (Burnham et al. 1980, Buckland et al. 2001).
However, examination of distributional patterns around
roads can reveal avoidance–attraction behaviors in wildlife
populations. McDougal et al. (1990) found that eastern wild
turkeys (M. g. silvestris) in Virginia used areas .450 m from
roads more than expected and areas ,150 m from roads in
proportion to availability, suggesting some avoidance of
roads. Also, Rogers et al. (1999) found that male Merriam’s
wild turkeys (M. g. merriami) tended to avoid roads in

Table 2. Winter simulationsa of road-based surveys of Rio Grande wild turkeys in the Texas Rolling Plains, USA, using various transect lengths (km) and
numbers.

Transects 6 wild turkey/km2 12 wild turkey/km2 24 wild turkey/km2

Length No. n Estimate Bias (%) CV (%) n Estimate Bias (%) CV (%) n Estimate Bias (%) CV (%)

16 40 21.5 5.62 �6.3 87.9 42.1 10.90 �9.2 54.8 84.1 21.88 �8.8 37.2
60 31.8 5.65 �5.8 79.4 63.2 10.99 �8.4 49.2 126.0 21.61 �10.0 28.7
80 42.0 5.51 �8.2 56.5 84.3 10.78 �10.2 36.6 167.3 21.51 �10.4 23.4

100 52.7 5.47 �8.8 43.3 105.3 10.81 �9.9 30.5 209.7 21.19 �11.7 19.9
32 40 42.6 5.76 �4.0 55.4 84.1 10.91 �9.1 35.7 167.8 21.49 �10.5 23.0

60 63.1 5.54 �7.7 41.2 126.0 10.76 �10.3 26.2 251.9 21.12 �12.0 18.5
80 84.4 5.49 �8.5 39.8 167.9 10.75 �10.4 21.7 335.2 21.18 �11.8 15.8

100 105.2 5.42 �9.7 29.7 210.1 10.74 �10.5 21.0 418.0 21.07 �12.2 14.2

a For each simulation, we give x̄ no. of flocks detected (n), estimated density, % bias, and CV.

Table 3. Autumn simulationsa of road-based surveys of Rio Grande wild turkeys in the Texas Rolling Plains, USA, using various transect lengths (km) and
numbers.

Transects 6 wild turkey/km2 12 wild turkey/km2 24 wild turkey/km2

Length No. n Estimate Bias (%) CV (%) n Estimate Bias (%) CV (%) n Estimate Bias (%) CV (%)

16 40 17.9 4.83 �19.5 108.4 35.6 9.44 �21.3 75.7 71.0 18.26 �23.9 46.7
60 26.7 4.56 �24.0 73.9 53.3 8.87 �26.1 50.0 106.3 17.78 �25.9 42.9
80 35.6 4.54 �24.3 69.5 71.0 9.01 �24.9 49.0 141.7 17.47 �27.2 31.0

100 44.5 4.54 �24.3 60.9 88.6 8.85 �26.3 39.7 176.9 17.47 �27.2 23.7
32 40 35.7 4.64 �22.7 77.0 71.0 8.88 �26.0 48.6 141.7 17.45 �27.3 29.7

60 53.3 4.53 �24.5 54.8 106.4 8.89 �25.9 32.9 212.9 17.33 �27.8 23.3
80 70.8 4.37 �27.2 43.9 141.8 8.78 �26.8 30.7 283.4 17.21 �28.3 20.3

100 89.0 4.54 �24.3 41.5 176.9 8.52 �29.0 24.7 354.0 17.12 �28.7 18.3

a For each simulation, we give x̄ no. of flocks detected (n), estimated density, % bias, and CV.
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Arizona. However, Butler et al. (2005) examined the
relationship of Rio Grande wild turkeys to roads by sex,
season, and time of day in the Texas Rolling Plains. They
found that Rio Grande wild turkeys used areas near roads
(,100 m) in proportion to availability during autumn
midday and winter mornings. Time periods in which
avoidance–attraction behaviors are minimal probably exist
but may vary among ecoregions. Therefore, we suggest
examining distributional patterns before implementing line-
transect–based distance sampling from roads. Also, selected
survey roads should representatively sample available
vegetative communities (Hiby and Krishna 2001).

The level of variability (CV of �30%) in density estimates
resulting from surveys of �100 16-km or �80 32-km road
transects would allow the detection of a 10–25% change in
density over an 8–12-year period. However, more severe
declines in density (e.g., �50%) can be detected in 6–8
years. Thus, there is a trade-off between the magnitude of
density change and gaining enough power to detect those
changes (Gibbs et al. 1998). Regardless of the magnitude of
change managers and researchers need to detect, little effort
and costs would be required relative to other traditional wild
turkey survey techniques. The advantages gained from
implementing large-scale population monitoring such as
line-transect–based distance sampling from roads include
increased insight into the dynamics of populations, im-
proved evaluations of management activities and their
effectiveness, and increased early warning of deleterious
population change (Sutherland 1996, Bibby et al. 2000,
Gibbs 2000, Lancia et al. 2005). Though modifications and
improvements can be made, line-transect–based distance
sampling from roads can provide an efficient, effective, and
inexpensive technique for monitoring Rio Grande wild
turkey populations across large ecoregion scales.

MANAGEMENT IMPLICATIONS

Road-based survey techniques can be easily and inexpen-
sively applied to large ecoregion scales. Although density
estimates may be underestimated by about 12% during
winter, road-based surveys can provide sufficient power
(�0.80) to detect trends (10–25% change) in wild turkey
populations over an 8–12-year period. More drastic changes
(�50%) can be detected earlier. However, problems with
incomplete detectability near roads because of dense patches
of vegetation resulted in biased density estimates. Though
this bias requires caution until additional research can
improve field methodology to ensure complete detectability
near the road, road-based surveys provide a good technique
for monitoring Rio Grande wild turkey populations.
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