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Abstract Aerial surveys have been used to estimate abun-
dance for several wild bird species but its application for wild
turkey (Meleagris gallopavo) populations has been limited.
We surveyed Rio Grande wild turkey (M. gallopavo
intermedia) populations during March 2006 using an R44
helicopter. We used flocks with radio-tagged birds to estimate
flock detectability. We also used simulations to evaluate
accuracy and precision and examine power to detect trends in
population change. We observed that wild turkey flock
detectability was 94.7% (74.0–99.9%; 95% CI). Our simu-
lations suggested helicopter surveys would underestimate
abundance by about 5.6% (4.6% CV). Surveying 980 to
1,960 km2 (requiring 27 to 55 h of flight time) can provide
sufficient power (≥0.80) to detect a 10 to 25% change in
abundance over a 4- to 5-year period.

Keywords Abundance . Aerial . Detectability .
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Introduction

Many techniques have been used to index or estimate
abundance, density, and trends for wild bird populations

(Thompson et al. 1998; Bibby et al. 2000). However, many
wild turkey (Meleagris gallopavo) survey efforts have been
limited, unstandardized, and often unsuccessful (Healy and
Powell 1999; Butler 2006). Although aerial surveys have
been an important technique in wildlife management
(Caughley 1977) and have been used to survey several
wild bird populations (Craig and Craig 1984; Shupe et al.
1987; Schroeder et al. 1992; Gabor et al. 1995; Kubisiak
et al. 1997), its application for wild turkeys has been lim-
ited (Beasom 1970; Thompson and Baker 1981; Kubisiak
et al. 1997).

Thompson and Baker (1981) reported that helicopters
were used by various natural resources agencies in North
America to survey wild turkeys. However, we found only
one study (Kubisiak et al. 1997) that examined their
detectability from helicopters; most assume complete
detection within the survey strip. For example, Beasom
(1970) used helicopters to estimate Rio Grande wild turkey
(M. gallopavo intermedia) density in South Texas by
assuming complete detection within 400-m-wide transects.
A more recent study in forested areas of Wisconsin during
snowy conditions (Kubisiak et al. 1997) examined the
detectability of eastern wild turkey (M. gallopavo silvestris)
flocks. The approach of Kubisiak et al. (1997) was to
compare complete ground-based counts of a sample of wild
turkey flocks and incomplete helicopter counts of flocks.
They found that 84.1% of flocks can be detected from
helicopters. However, they assumed that flock size and
composition were the same during the ground-based and
helicopter surveys but the ground-based counts did not
occur at the same time as the helicopter surveys. Other
studies have used decoys during aerial surveys to estimate
detectability (Smith et al. 1995; Butler et al. 2007a) because
size and composition of flocks can be held constant during
a survey. However, during preliminary flights (45 m above
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ground level at 90 km/h), we observed 82.1% (63.1–93.9%;
95% CI) of flocks flushed when approached by a helicopter.
Because of this high flush rate, decoys cannot be used to
evaluate helicopter surveys for wild turkey populations.
Thus, the approach of Kubisiak et al. (1997) was most
appropriate for our efforts. Our objectives were to (1)
determine the detectability of Rio Grande wild turkey
flocks and individuals within flocks and (2) evaluate the
potential accuracy and precision of abundance estimates
from helicopter surveys in areas of little forest cover and no
snow.

Materials and methods

Study area

We conducted research at two areas in the Texas Rolling
Plains. One study area (275 km2) was centered on the
Matador Wildlife Management Area (WMA), which is
located northwest of Paducah in Cottle County along the
confluence of the Middle and South Pease rivers. The other
study area (132 km2) was centered on the Gene Howe
WMA, which is located northeast of Canadian in Hemphill
County along the Canadian River. The vegetative cover at
our study sites was about 30% open, 66% brushland, and
4% woodland (Brunjes 2005). The open vegetative cover
type included agriculture, grasslands, sandsage (Artemisia
filifolia) rangelands, and bare ground. Woodlands primarily
occurred in riparian areas and windbreaks. The riparian
areas were dominated by cottonwood (Populus deltoides),
soapberry (Sapindus drummondii), hackberry (Celtis spp.),
honey locust (Gleditsia triacanthos), black locust (Robinia
pseudoacacia), elms (Ulmus spp.), tamarisk (Tamarix
chinensis), sand plum (Prunus angustifolia), and Russian
olive (Elaeagnus angustifolius). Windbreaks were domi-
nated by elms, cottonwood, honey locust, black locust, and
osage-orange (Maclura pomifera). The brushland areas
were dominated by mesquite (Prosopis glandulosa), red-
berry juniper (Juniperus pinchotii), shinnery oak (Quercus
havardii), and sand plum. Primary land uses were cattle
ranching interspersed with center-pivot agriculture, dryland
agriculture, and oil and gas development. More detailed
descriptions of the study sites were provided by Holdstock
et al. (2006) and Spears et al. (2007).

Field methods

As a part of a larger study (Brunjes 2005; Spears et al.
2005; Holdstock et al. 2006), Rio Grande wild turkeys were
captured using drop nets (Glazener et al. 1964), rocket nets
(Bailey et al. 1980), and walk-in traps (Davis 1994). We
outfitted about 75 wild turkeys at each study site per year

with an 8-h mortality switch, 95-g backpack-style radio
transmitter (Model #A1155, Advanced Telemetry Systems,
Isanti, MN). We used flocks that contained radio-tagged
birds to estimate flock detectability because we could deter-
mine the number of radio-tagged flocks available for de-
tection and the percent of those flocks detected during a
survey.

We used three survey blocks at the Matador and three
survey blocks at the Gene Howe (about 25% of the study
areas) that contained radio-tagged wild turkey flocks. The
survey blocks at the Matador were 28.0, 16.8, and 8.0 km2,
and the survey blocks at the Gene Howe were 18.5, 10.5,
and 6.0 km2. Furthermore, we surveyed an additional 12.2-km2

area while flying between survey blocks. Each survey block
contained transects that were placed 400 m apart. In addition,
each survey block contained a known sample of radio-tagged
wild turkeys.

We flew the transects during March 2006 from an R44
helicopter (Robinson Helicopter, Torrance, CA). It cost
approximately $475/h (USD) to rent the R44 helicopter. We
used three observers during the surveys; one observer was
the pilot positioned in right front seat. The pilot focused
most of his survey effort in front of the helicopter. The
other two observers sat in the left front seat and the right
back seat. They focused their survey efforts to the side of
the helicopter out to 200 m. We had an additional person in
the left back seat of the helicopter operating radio telemetry
equipment. The radio telemetry operator did not act as an
observer. The observers informed the radio telemetry
operator when a flock was detected and the radio telemetry
operator determined if radio-tagged birds were present in
the detected flock using a radio receiver (Advanced
Telemetry Systems) and a four-element yagi antenna
(Hutton Communications, Dallas, TX) mounted to the
landing strut of the helicopter. The radio telemetry operator
was responsible for recording data as well. Once we were
finished surveying a survey block, the radio telemetry
operator determined which radio-tagged birds were not
detected. We then homed to the undetected birds to deter-
mine the number of undetected flocks.

We used a Bushnell® Yardage Pro Scout (Bushnell
Performance Optics, Bausch & Lomb, Overland Park, KS)
or Nikon® Laser 600 (Nikon, Tokyo, Japan) rangefinder to
measure distance to the observed flocks. We flew the
surveys at an altitude of about 45 m above ground level, at
about 90 km/h. We recorded coordinates of detected flocks
with the quickmark function on a Trimble Global Position-
ing System (GPS Pathfinder Pro XRS Receiver with TSC1
Asset Surveyor version 5.27, Trimble Navigation, Sunny-
vale, CA). We also used the Trimble unit to record the
actual survey route flown. For detected flocks, we recorded
flock size, distance to flock, radio frequencies heard in the
flock, and confidence in our count of flock size. We
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obtained a 95% binomial confidence interval for the
estimate of detectability from Conover (1999, p. 528). We
classified counts of flock size as overestimates or under-
estimates. We categorized confidence in our counts into six
groups for underestimates (0 to 20%, 20 to 40%, 40 to
60%, 60 to 80%, 80 to 95%, 95 to 100%) and six groups
for overestimates (0 to 5%, 5 to 20%, 20 to 40%, 40 to
60%, 60 to 80%, 80 to 100%). Although these catego-
rizations were not true estimates of confidence, they gave
us a sense of the amount of error in counting flock size.

From the ground, we obtained visual observations of
flocks containing radio-tagged individuals within 4 h of the
helicopter surveys to evaluate helicopter-based estimates of
flock size. The ground-based observers obtained visual
observations of flocks by homing to radio-tagged wild
turkeys using a radio receiver and a handheld, three-
element yagi antenna (Wildlife Materials, Murphysboro,
IL). We did not attempt to obtain ground-based counts
during the helicopter surveys because we did not want the
presence of ground observers to bias detectability.

Simulations

We conducted simulations using MatLab® 6.5 (The Math-
Works, Natick, MA) to evaluate accuracy and precision of
wild turkey abundance estimates from helicopter surveys.
We simulated populations at abundances of 10,000, 25,000,
and 50,000; we suspected those abundances were in the
range of possibilities for large ecoregion scales. The
distribution of flock sizes used in the simulations was
based on flock size data collected in the Texas Rolling
Plains during winter (December–March) 2003–2006 (meth-
ods in Butler et al. 2007b). Butler (2006) reported that those
data were approximately lognormally distributed with μ=
15.49 and σ=0.94. We also used a flock size distribution
skewed to smaller flock sizes than that observed at our
study sites (lognormal distribution with μ=7.39 and σ=
0.94). We used a flock size distribution skewed to smaller
flock sizes to evaluate the technique in situations with
smaller flock sizes. We repeated each simulation 10,000
times. We determined 95% confidence intervals for the
abundance estimates using the simple percentile approach
to constructing confidence limits (Manly 1997).

We used the programming capabilities of MatLab® 6.5
to write a script (Butler 2006) that randomly simulated
flock size (based on lognormal distributions) and count
confidence (based on distribution of observer confidence
recorded during our surveys). We constrained the number
of flocks by the simulated total population size. To simulate
flock detection, we randomly selected a detection probabil-
ity based on a binomial distribution developed from our
observed detection probability. We then randomly selected
a portion of the flocks based on the random binomial

detection probability. Total population size (C) was estimat-
ed using a Horvitz–Thompson estimator (Thompson 2002):

C ¼
Xm

i¼1

yi
gi

where m is the total number of flocks detected, yi is the
number of wild turkeys detected in flock i, and gi the is
probability of detection for flock i. We used the observed
probability of detection (gi) from our helicopter surveys. In
addition, the script incorporated flock size counting errors
based on the distribution of observer confidence recorded
during our surveys.

Typically, detection of a 25% change in abundance is
desired for management objectives and a 10% change for
research activities (Robson and Regier 1964; Healy and
Powell 1999), although detection of larger changes (e.g.,
50%) may be adequate in some situations. In addition,
enough effort to obtain an 80 to 90% chance of detecting a
population trend (power) is typically recommended (Gibbs
and Melvin 1997; Thompson et al. 1998). We used program
TRENDS (Gerrodette 1987, Gerrodette 1991) and relative
variability from the simulations to examine power to detect
a change of 10 to 25% (α=0.05) in abundance.

Results

We surveyed six survey blocks (100 km2) using an R44
helicopter during March 2006 and observed 45 wild turkey
flocks. Our survey blocks contained 19 flocks with radio-
tagged individuals; our survey crews observed 18 of them
(94.7% [74.0–99.9%; 95% CI]). We collected ground-based
counts of flocks that contained radio-tagged individuals
within 4 h of helicopter surveys. However, most flocks
contained different radio-tagged individuals between the
ground-based and helicopter surveys. Only seven flocks
contained the same radio-tagged individuals during both
surveys. Of those seven flocks, we found three counts
differed enough to suggest that flock size had changed
during the period between the two surveys. In only four
cases were the radio-tagged individuals the same and flock
counts similar between the two surveys. Thus, we were
only able to assess errors in estimating flock size using the
count confidence categories. The aerial observers suggested
that their counts were probably underestimates in all cases
and were 95 to 100% confident in 67% of their counts, 80
to 95% confident in 27% of their counts, and 60 to 80%
confident in 6% of their counts. Although flock size was
likely underestimated during the helicopter survey, we
observed a mean flock size of 17.4±5.7 (mean±95% CI).

Our simulations suggested that the helicopter survey
technique would underestimate population abundance by
about 5.6% (Table 1). The relative variability (CV in Table 1)
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of the abundance estimates was similar between simulations
based on the two different flock size distributions. In
addition, the relative variability was similar among the
simulated abundances (CV in Table 1). Using the relative
variability observed in the simulations and program
TRENDS, the power to detect a 10% trend in population
change in 5 years was ≥0.99, and to detect a 25% change in
4 years, power was ≥0.99. Additionally, power to detect a
50% change in 1 year was 0.85.

Discussion

One other study estimated detection rates for wild turkeys
from helicopters (Kubisiak et al. 1997). They observed that
flock detectability was 84.1% and that detectability of
individuals within flocks was 80.0%. Their surveys were
conducted in Wisconsin during snowy conditions in an area
with 39% woodland cover. Our study sites were occupied
by 4% woodland cover (Brunjes 2005), and our surveys
were conducted without snow cover. We observed flock
detectability was 94.7% (74.0–99.9%; 95% CI), which was
similar to the estimate of Kubisiak et al. (1997). High flock
detectability during helicopter surveys occurred because of
the flush response exhibited by wild turkeys. Furthermore,
woodland cover likely reduces detectability. For example,
the only radio-tagged flock missed during our helicopter
surveys did not flush and was loafing under some large,
seed-bearing elms. Therefore, detectability of wild turkey
flocks may be reduced for other subspecies inhabiting more
forested landscapes, although poor detectability does not
necessarily mean poor accuracy and precision in abundance
estimates. For example, Butler et al. (2007a) found wild
turkey flock detectability was 36.5% from a fixed-wing
aircraft but abundance was underestimated by only 10 to
15% (2.0 to 4.8% CV).

We were unable to assess flock size counting errors be-
cause flock size and composition changed during the short
period of time (<4 h) between ground-based and helicopter
surveys. We did use a confidence classification system that
suggested minimal counting errors. However, the develop-
ment of innovative techniques may be needed to further
evaluate potential errors in estimating flock size. Decoys
have been successfully used in other aerial surveys (Smith
et al. 1995; Butler et al. 2007a) but because wild turkeys
flush in response to an approaching helicopter, the use of
decoys is inappropriate. Other techniques may be available
such as using tame flocks or adjusting the time of year the
surveys are conducted but further research is needed.

Little research has assessed methods of estimating
abundance, density, and trends for wild turkey populations.
However, aerial surveys provide rapid coverage of large
areas and access to sites inaccessible from the ground but
they are expensive. The rental of an R44 helicopter or
comparable aircraft with a competent pilot costs at least
$475/h (USD). Flying at 90 km/h using 400-m-wide tran-
sects, rental costs about $13.19/km2. We observed 45.0
flocks/100 km2 during our surveys, and our simulations
suggested detection of ≥441 flocks of wild turkeys was
necessary to obtain a relative variance of 4.7% (Table 1).
Thus, a helicopter survey must cover ≥980 km2 requiring
about 27 h of flight time. However, if wild turkey flocks
were observed at a rate of 22.5 flocks/100 km2, a helicopter
survey would have to cover ≥1,960 km2 requiring about 55 h
of flight time. The Texas Rolling Plains ecoregion is about
107,000 km2. A helicopter survey that covers about 1 to 2%
of the ecoregion per year for 4 to 5 years will provide
relatively precise, although slightly biased, estimates of Rio
Grande wild turkey populations with sufficient power
(≥0.80) to detect a population change of 10 to 25%. Thus,
the application of helicopter surveys is feasible for Rio
Grande wild turkeys on ecoregion or statewide scales.

Table 1 Estimates of simulated Rio Grande wild turkey populations of various abundances and flock size distributions used to evaluate the
potential performance of helicopter surveys conducted during winter in the Texas Rolling Plains

Flock sizea Estimated 95% CI

μ σ Lower Mean Upper nb Bias (%) CV (%)

Simulated population size of 10,000
15.49 0.94 8,350 9,435 9,911 411 −5.7 4.7
7.39 0.94 8,416 9,470 9,946 813 −5.3 4.7
Simulated population size of 25,000
15.49 0.94 21,032 23,599 24,730 1,101 −5.6 4.6
7.39 0.94 21,171 23,693 24,825 2,035 −5.2 4.6
Simulated population size of 50,000
15.49 0.94 42,274 47,218 49,414 2,204 −5.6 4.5
7.39 0.94 42,458 47,394 49,605 4,069 −5.2 4.6

a Simulated flock size data based on lognormal distributions
bMean number of simulated flocks detected
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