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ABSTRACT Aerial surveys have been used to estimate abundance of several wild bird species including wild turkeys (Meleagris gallopavo).

We used inflatable turkey decoys at 3 study sites in the Texas Rolling Plains to simulate Rio Grande wild turkey (M. g. intermedia) flocks. We

evaluated detectability of flocks and errors in counting flock size during fixed-wing (Cessna 172) aerial surveys using logistic and linear

regression models. Flock detectability was primarily influenced by flock size and vegetative cover, and errors in counting flock size were

primarily influenced by size of flocks. We conducted computer simulations to evaluate the accuracy and precision of fixed-wing aerial surveys

and examined power to detect trends in population change. Our simulations suggested abundance estimates from fixed-wing aerial surveys may

be underestimated by 10–15% (2.0–4.8% CV). Power analyses suggested that fixed-wing aerial surveys can provide sufficient power (�0.80) to

detect a population change of 10–25% over a 4–5-year period. We concluded fixed-wing aerial surveys are feasible on ecoregion scales.
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Many techniques have been used to index or estimate
abundance, density, and trends of wildlife populations
(Thompson et al. 1998, Lancia et al. 2005). Abundance or
density estimates are important to conservation efforts,
management decisions, and evaluating management activ-
ities (Sutherland 1996, Bibby et al. 2000, Pollock et al.
2002, Lancia et al. 2005). However, many wild turkey
(Meleagris gallopavo) survey efforts such as winter roost
counts (Smith 1975, Butler et al. 2006), poults per adult
female counts (Schwertner et al. 2003, Butler et al. 2007),
adult male counts (Porter and Ludwig 1980), and harvest
surveys (Lint et al. 1995) are index-based techniques with
little or poorly developed relationships to true abundance
(Healy and Powell 1999). Therefore, managers lack accurate
ways to quantify wild turkey abundance on large ecoregion
scales. Aerial surveys have been routinely used in wildlife
management (Caughley 1977) and fixed-wing aircraft have
been used to survey populations of several wild bird species
(Martin and Knopf 1981, Caughley and Grice 1982, Gibbs
et al. 1988, Reinecke et al. 1992, Rodgers et al. 1995).
However, the application of aerial surveys for wild turkey
populations has been limited (Beasom 1970, Thompson and
Baker 1981, Kubisiak et al. 1997).

We examined the use of aerial surveys from fixed-wing
aircraft to estimate Rio Grande wild turkey (M. g.

intermedia) abundance. We modeled detectability using
observation probability models (hereafter detectability
models; Samuel et al. 1987, Lancia et al. 2005) because

other modeling techniques (i.e., distance sampling or mark–
recapture) were not viable alternatives. Our objectives were
1) to determine effects of flock size, distance from observer,
and vegetative cover type on detectability of wild turkey
flocks and on errors in counting flock size, 2) to evaluate
accuracy and precision of wild turkey abundance estimates,
and 3) to examine power to detect trends in population
change with fixed-wing aerial surveys. Specifically, we
hypothesized that flock detectability and errors in counting
flock size were functions of distance, vegetative cover type,
and flock size. 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. Study sites were 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 Gene Howe WMA
located northeast of Canadian in Hemphill County along
the Canadian River, and private ranches (Salt Fork)
surrounding the confluence of Whitefish Creek and the
Salt Fork of the Red River 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).
The open vegetative cover type included agriculture, grass-
lands, sandsage (Artemisia filifolia) rangelands, and bare
ground. 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), hack-
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berries (Celtis spp.), honey locust (Gleditsia triacanthos),
black locust (Robinia pseudo-acacia), elms (Ulmus spp.),
tamarisk (Tamarix chinensis), sand plum (Prunus angustifo-

lia), and Russian-olive (Elaeagnus angustifolius). Windbreaks
at the 3 study sites were dominated by elms, cottonwood,
honey locust, black locust, and osage-orange (Maclura

pomifera). The upland rangeland areas were dominated by
mesquite (Prosopis glandulosa), sand sagebrush, redberry
juniper (Juniperus pinchotii), shinnery oak (Quercus havardii),
sand plum, and acacia (Acacia spp.). Primary land uses at the
study sites were cattle ranching interspersed with center-
pivot agriculture, dry-land agriculture, and oil and gas
development. 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. (2007).

METHODS

Fixed-Wing Aircraft Surveys

We used 400 Sceeryt inflatable turkey decoys (Sceery
Outdoors, Ltd., Santa Fe, NM) to simulate wild turkey
flocks. Inflatable turkey decoys cost about US$8.75 each.
We conducted surveys on 5 survey blocks: 16.7-km2 area at
the Salt Fork study site, 24.0-km2 and 14.4-km2 areas at the
Matador WMA, and 18.5-km2 and 13.1-km2 areas at the
Gene Howe WMA. We placed the survey blocks in areas
with radiotagged wild turkeys and representative vegetative
cover. Each survey block contained 3–5 parallel transects
that we placed 400 m apart. Transects were an average of

10.8 km (range: 8.2–12.0 km) in length. We placed flocks of
decoys along survey transects at random distances (0–200 m)
from transects. We allowed decoy flock size to randomly
vary between 1 and 50 decoys. During January through
March 2005, we flew survey transects in a Cessna 172
airplane (Cessna Aircraft Co., Wichita, KS) with 2
observers; the pilot did not act as an observer. It cost
US$135 per hour to rent the airplane. We flew the surveys
at an altitude of about 45 m above ground level and at an
average speed of 142 km per hour, which was similar to
Texas Parks and Wildlife Department’s (TPWD) mid-
winter waterfowl surveys (Wildlife Management Institute
2005). One observer was positioned in the right front seat
and the other was positioned in the back left seat. We placed
streamers on the struts and a mark on the window to help
observers categorize distances (Guenzel 1997) into 6 25-m
intervals. We instructed observers to focus their survey effort
within 200 m of the airplane. Also, a strip of about 100 m
wide directly below the observers was obstructed by the
aircraft (50 m on either side of the transect).

Observers recorded survey data with a microphone
(RadioShackt Electret Condenser Microphone 33–3104,
RadioShack Corp., Fort Worth, TX) and a cassette tape
recorder (RadioShack Cassette Tape Recorder CTR-122)
and recorded coordinates perpendicular to detected decoy
flocks with the quickmark function on a Trimble Global
Positioning System (GPS). We used the quickmarks to help
identify which decoy flocks were detected. We used the

GPS unit to record the actual survey route flown and
locations of all the prepositioned decoy flocks.

Percent canopy cover can influence detectability (Samuel
et al. 1987, Otten et al. 1993, Anderson et al. 1998, Cogan
and Diefenbach 1998, McCorquodale 2001). However, it is
difficult to estimate canopy cover during aerial surveys.
Therefore, we used vegetative cover type as a surrogate for
canopy cover. We categorized vegetative cover types as open
(e.g., agriculture, grassland, sandsage, bare ground), brush-
land (e.g., mesquite, plum thickets, juniper, shin oak), and
woodland (e.g., cottonwood, hackberry, soapberry, elm,
locust).

As part of a larger study (Butler et al. 2005, Spears et al.
2005, Holdstock et al. 2006, Huffman 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-hour mortality
switch, 95-g, backpack-style radiotransmitter (Model no.
A1155; Advanced Telemetry Systems, Inc., Isanti, MN).
We used the radiotagged wild turkeys to help evaluate the
applicability of using turkey decoys to develop detectability
models. A ground observer conducted triangulation on
radiotagged wild turkeys that were in the survey area during
the aerial surveys using a radio-receiver (Advanced Tele-
metry Systems, Inc.), a hand-held 3-element yagi antenna
(Wildlife Materials, Inc., Murphysboro, IL), and a truck-
mounted null-peak system (Balkenbush and Hallett 1988,
Samuel and Fuller 1996). For each triangulation, we
obtained �3 compass bearings separated by �458 within
15–20 minutes. We used the maximum-likelihood estima-
tion method in the Location of a Signal software (LOASe;
Ecological Software Solutionse, Urnäsch, Switzerland) to
estimate Universal Transverse Mercator coordinates of
triangulated wild turkeys. During the surveys, observers
recorded whether detected flocks were inflatable decoys or
wild turkeys.

Modeling Detectability
We developed a priori models (Table 1) to evaluate whether
detectability of wild turkey flocks and errors in counting
flock size were functions of distance from the transect,
vegetative cover type, and flock size. We used SPSSt 13.0
(SPSS Inc., Chicago, IL) to analyze the data. 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 because Akaike’s In-
formation 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).

For flock detectability, we used logistic regression
(Hosmer and Lemeshow 2000) and evaluated 8 a priori
models (Table 1). We used AICc weights to evaluate the
relative importance of distance to a flock, flock size, and
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vegetative cover type on flock detectability. For the logistic
regression models, the response variable for flock detect-
ability was a binary variable where 1 was flock detected and 0
was flock not detected. We evaluated the goodness-of-fit of
the most parameterized model (Anderson and Burnham
2002) using the Hosmer–Lemeshow test (Hosmer and
Lemeshow 2000). To model errors in counting flock size,
we used 8 a priori linear regression models and AICc weights
to evaluate the relative importance of distance to a flock,
flock size, and vegetative cover type. For the linear
regression models, the response variable was the percentage
of a flock counted and was limited to flocks that we
detected.

Computer Simulations
We conducted computer simulations using MatLabt 6.5
(The MathWorks, Inc., Natick, MA) to evaluate the
accuracy and precision of wild turkey abundance estimates
from fixed-wing aerial surveys. We simulated populations at
abundances of 10,000, 25,000, and 50,000. The distribution
of flock sizes used in the simulations was based on flock-size
data we opportunistically collected at our study sites during
winter (Dec–Mar), 2003 through 2006 (methods in Butler
et al. 2007). We also used a flock-size distribution skewed to
smaller flock sizes than we observed at our study sites. We
repeated each simulation 10,000 times. We determined the
95% confidence interval for the abundance estimate for each
simulation using the simple percentile approach to con-
structing 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 the distribution of observed flock sizes or a
distribution skewed to smaller sizes), distance from the
transect (50–200 m by 25-m increments), and vegetative
cover type (open, brushland, and woodland). We con-
strained the number of flocks by the simulated total
population size. Vegetative cover at our study sites was
about 30% open, 66% brushland, and 4% woodland
(Brunjes 2005). We also used a vegetative cover distribution
of 4% open, 66% brushland, and 30% woodland to
evaluate the performance of the detectability models for
areas with greater woodland cover.

We allowed the script to model-average (Burnham and

Anderson 2002) the predictions from the logistic regression
models (Table 1) to obtain predicted detection probabilities
for the simulated flocks. We randomly selected a percentage
of simulated flocks weighted by detection probability. We
based the percentage of the simulated flocks selected on the
mean detection probability of the simulated data. We
predicted the percentage of a flock counted using linear
regression models and model-averaging. We adjusted the
size of each detected flock to reflect uncertainty in counts of
flock size. We estimated total population size (s) using a
modified Horvitz–Thompson estimator (Thompson 2002),

s ¼
Xm

i¼1

ðyi=hiÞ
gi

where m is the total number of flocks detected, yi is the
number of turkeys counted in flock i, hi is the percentage
error of the count of individuals in flock i, and gi is the
probability of detection for flock i. We calculated hi from the
model-averaged predictions of the linear regression models
that did not include flock size and gi from the model-average
predictions of the logistic regression models that did not
include flock size. We could not justify including flock size
because in real surveys true flock size is not known, but we
used flock size in the initial steps of the simulations to allow
for a better representation of flock detectability and errors in
counting flock size.

Typically, the detection of a 25% change in abundance is
desired for management objectives and a 10% change is
desired for research activities (Robson and Regier 1964,
Healy and Powell 1999). 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 relative
variability from computer simulations to examine power to
detect a population change of 10–25% (a ¼ 0.05) using
fixed-wing aerial surveys.

Table 1. Candidate flock detectability models for fixed-wing aerial surveys of Rio Grande wild turkeys in the Texas Rolling Plains, USA, January through
March 2005. For each logistic regression model, we give �2 3 log-likelihood (�2LL), number of parameters (K), second-order Akaike’s Information
Criterion (AICc), difference in AICc compared to lowest AICc of the model set (Di), AICc weight (wi), and percent accuracy (n¼ 271).

Modela �2LL K AICc Di
b wi Accuracy (%)c

FLOCK 352.171 2 356.216 0.000 0.343 63.5
VEG þ FLOCK 348.770 4 356.921 0.705 0.241 64.6
CONSTANT 355.777 1 357.791 1.576 0.156
VEG 352.688 3 358.777 2.562 0.095 63.5
DIST þ FLOCK 344.736 7 359.162 2.946 0.079 62.7

a FLOCK ¼ flock size, VEG ¼ vegetative cover types, CONSTANT ¼ constant detectability independent of flock size, vegetative cover type, and
distance, and DIST¼ distance categories.

b The Dis of DIST, DISTþ VEG, and DIST þ FLOCKþ VEG models were .3.
c The classification accuracy, which is a comparison of predicted detection groups based on the model (i.e., detection probability ,0.50 was placed in the

undetected group) to actual detection.
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RESULTS

Fixed-Wing Aircraft Surveys
We conducted 23 surveys using a Cessna 172 airplane
during January through March 2005. We surveyed about
430 km2 and observed 78 wild turkey flocks (18.1 flocks/100
km2). We monitored 16 wild turkey flocks with radiotagged
individuals within the survey area. Survey crews detected 8
of them (50.0 6 25.3%, 95% CI). We prepositioned 271
inflatable turkey decoy flocks and survey crews detected 99
of them (36.5 6 5.7%). Distances from the transect to
detected and undetected decoy flocks were similar (x̄
difference ¼ 2.8 6 10.9 m; t ¼ 0.502, df ¼ 269, P ¼
0.616). Detected decoy flock sizes were similar to un-
detected decoy flock sizes (x̄ difference ¼ 3.1 6 3.2; t ¼
1.905, df ¼ 269, P ¼ 0.058). Also, detectability was similar
among vegetative cover types (woodland ¼ 26.7 6 12.9%;
brushland ¼ 41.6 6 9.6%; open ¼ 36.0 6 8.4%; v2 ¼
3.016, df ¼ 2, P ¼ 0.221).

We used logistic regression and AICc to examine
candidate models for flock detectability (Table 1). The
most parameterized model fit the data (v2¼ 10.361, df¼ 8,
P ¼ 0.241). The best model (AICc wt [wi] ¼ 0.343)
suggested that detectability increased with flock size.
However, the second-best model (wi ¼ 0.241) suggested
that detectability was additionally influenced by vegetative
cover type. Specifically, detectability was greatest in brush-
land and least in woodland. The third-best model (wi ¼
0.156) suggested that detection was constant (36.5 6

5.7%). Also, AICc weights suggested distance to a flock
from the transect likely had little influence on detectability;
the 4 models that included distance had a combined AICc

weight of 0.167.
The percentage of a flock counted was similar among

vegetative cover types (woodland ¼ 79.9 6 14.7%; brush-
land¼ 80.7 6 7.6%; open¼ 82.3 6 12.4%; F¼ 0.038, df¼
2, 96, P ¼ 0.963). Also, the percentage of a flock counted
was similar among distance categories (50–75 m ¼ 90.4 6

22.6%; 75–100 m ¼ 81.3 6 10.0%; 100–125 m ¼ 86.0 6

25.3%; 125–150 m ¼ 78.7 6 9.2%; 150–175 m ¼ 80.5 6

11.6%; 175–200 m¼ 69.3 6 12.7%; F¼ 0.604, df¼ 5, 93,
P ¼ 0.697). However, we found a negative correlation (r ¼
�0.298, n¼ 99, P¼ 0.003) between size of decoy flocks and
percentage of a flock counted. Overall, size of detected
decoy flocks was underestimated by about 29.7 6 5.3%.

We used linear regression and AICc to examine candidate
models for predicting the percentage of a flock counted. The
model with the most AICc weight (K¼3, AICc¼�224.969,
wi ¼ 0.875) suggested errors in counting flock size were
influenced by the size of the flock. Specifically, as flock size
increased the percentage of a flock counted decreased. There
was little evidence that errors in counting flock size were
constant (wi¼ 0.008). Also, the evidence suggested distance
to a flock (combined AICc wt of 0.014) and vegetative cover
type (combined AICc wt of 0.103) had little influence on
flock-size counting errors.

Computer Simulations
We obtained 1,066 counts of wild turkey flocks during
winter (Dec–Mar), 2003 through 2006. Those counts
suggested that flock sizes ranged from 1 to 300 wild
turkeys, although most (90.2%) ranged from 1 to 50 wild
turkeys and flock size was approximately log-normally
distributed with l ¼ 2.74 and r ¼ 0.94 (Fig. 1). We used
that distribution in simulations to evaluate the performance
of the technique with a flock-size distribution similar to our
study populations. We used the lognormal distribution with
l ¼ 2.00 and r ¼ 0.94 in simulations to evaluate the
performance of the technique with a flock-size distribution
skewed to smaller flock sizes than observed at our study sites
(Fig. 1).

Our simulations suggested that the fixed-wing aerial
survey technique would underestimate abundance by 10–
15% (Table 2). The best abundance estimates resulted from
simulations that were based on the vegetative cover type
distribution found at our study sites and a flock-size
distribution skewed to smaller flock sizes, whereas the worst
abundance estimates resulted from simulations that were
based on increased woodland cover and larger flock sizes
(Table 2). However, the relative variability (CV in Table 2)
of the abundance estimates was similar among vegetative
cover type and flock-size distributions. Also, relative
variability decreased as simulated population size increased
(Table 2). Using the relative variability from the simulations
of population abundance of 50,000 and program TRENDS,
the power to detect a 10–25% linear trend in the rate of
change in 4 years was �0.97. At a population abundance of
25,000, the power to detect a 10–25% linear trend in the
rate of change in 4 years was �0.83. At a population
abundance of 10,000, the power to detect a 10% linear
trend in the rate of change in 5 years was �0.90 and power
to detect a 25% change in 4 years was �0.91.

Survey Costs
The rental of a Cessna 172 airplane or comparable aircraft
with a competent pilot costs about US$135 per hour. Flying

Figure 1. The distribution of Rio Grande wild turkey flock sizes observed
during opportunistic surveys in the Texas Rolling Plains, USA, during
winter (Dec–Mar, 2003–2006), the probability distribution function (PDF)
of the lognormal distribution with l¼ 2.74 and r¼ 0.94, and the PDF of
the lognormal distribution with l¼ 2.00 and r¼ 0.94.
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at 142 km per hour using 400-m-wide transects, rental costs
about $2.38 per km2. We observed 18.1 wild turkey flocks per
100 km2 during our fixed-wing aerial surveys. Our
simulations suggested detection of �167 flocks of wild
turkeys was necessary to obtain a relative variance of 4.7%
(Table 2). Thus, a fixed-wing aerial survey with sufficient
power (.0.80) to detect a 10–25% population change in 4–5
years must cover �923 km2 at a cost of US$2,197 (not
including the cost of turkey decoys) plus about 17 hours of
personnel time. However, if wild turkey flocks were observed
at a rate of 9.0 flocks per 100 km2, a fixed-wing aerial survey
must cover �1,846 km2 at a cost of US$4,393 (not including
the cost of turkey decoys) plus about 34 hours of personnel
time. The Texas Rolling Plains ecoregion is about 107,000
km2. Thus, a fixed-wing aerial survey that covers about 1–2%
of the ecoregion per year for 4–5 years should provide
relatively precise, though slightly biased, estimates of Rio
Grande wild turkey populations with sufficient power
(�0.80) to detect a population change of 10–25%.

DISCUSSION

During the fixed-wing aerial surveys, we observed that decoy
and wild turkey flock detectability were similar. Though
power was limited, this suggested using inflatable turkey
decoys was an appropriate technique for simulating wild
turkey flocks to develop detectability models. Most wild
turkey flocks did not flush in response to the fixed-wing
aircraft. However, subtle movements in wild turkey flocks
could cause increased detectability. Therefore, we recom-
mend further comparisons of wild turkey and decoy flock
detectability.

Previous studies have suggested many factors can affect
detectability (Caughley 1974, Gasaway et al. 1985, Samuel
et al. 1987, Bodie et al. 1995, Smith et al. 1995). Our results
revealed that vegetative cover type and flock size were

influential but distance to a flock (� 200 m) had little effect
on flock detectability. Also, evidence suggested that constant
detectability was likely. The minor importance of distance in
flock detection likely resulted from the narrow width (200 m
on each side of the aircraft) of the survey strip. Therefore,
we recommend using a fixed-width, 400-m-wide transect,
which would simplify the technique because observers would
not have to estimate distance to wild turkey flocks.

Without a strong relationship between detectability and
distance, line-transect–based distance sampling is difficult to
employ. Additionally, an important distance-sampling
assumption is complete detectability at the line (Guenzel
1997, Buckland et al. 2001) but a strip below the aircraft was
obstructed. It is possible to ignore the obstructed area in
distance-sampling analyses with left-truncation (Buckland
et al. 2001). However, it is important that the detection
probability remain 1.0 at the truncation point if the standard
modeling approach in distance sampling is to be used. Also,
with left-truncation, the detection curve for the data often
lacks a shoulder which increases the potential for spurious
models (Buckland et al. 2001). If the detection probability at
the truncation point is ,1.0 (in the 50–75-m interval, the
detection probability was 36.8%), it is possible to incorpo-
rate mark–recapture or double-count methods with distance
sampling (Buckland et al. 2001, Laake and Borchers 2004).
However, the additional high costs associated with marking
wild turkeys are likely not feasible on ecoregion scales for
fiscally restrained natural resources agencies. It is also
difficult to employ double-count methods in small aircraft
such as a Cessna 172. Therefore, observation probability
models were the best option for estimating wild turkey
detectability during fixed-wing aerial surveys.

Our simulations suggested that the fixed-wing aerial
survey technique may underestimate abundance by 10–15%.
Such bias occurred because of the model-averaged estimates

Table 2. Estimates of simulated Rio Grande wild turkey populations of various abundances used to evaluate potential performance of fixed-wing aerial survey
detectability models in the Texas Rolling Plains, USA, January through March 2005, using various flock-size distributions and vegetative cover type
distributions.

Vegetative cover types (%) Flock sizea Estimated 95% CI

Open Brush Woodland l r Lower x̄ Upper nb Bias (%) CV (%)

Simulated population size of 10,000:

30 66 4 2.74 0.94 7,763 8,537 9,325 167 �14.6 4.7
4 66 30 2.74 0.94 7,715 8,501 9,300 160 �15.0 4.8

30 66 4 2.00 0.94 8,224 9,041 9,877 285 �9.6 4.6
4 66 30 2.00 0.94 8,170 8,979 9,807 272 �10.2 4.6

Simulated population size of 25,000:

30 66 4 2.74 0.94 20,082 21,345 22,605 416 �14.6 3.0
4 66 30 2.74 0.94 19,978 21,239 22,495 399 �15.0 3.0

30 66 4 2.00 0.94 21,354 22,625 23,908 712 �9.5 2.8
4 66 30 2.00 0.94 20,163 21,817 23,561 680 �10.1 3.0

Simulated population size of 50,000:

30 66 4 2.74 0.94 40,947 42,695 44,472 833 �14.6 2.1
4 66 30 2.74 0.94 40,642 42,443 44,243 797 �15.1 2.1

30 66 4 2.00 0.94 43,418 45,224 47,033 1,423 �9.6 2.0
4 66 30 2.00 0.94 43,078 44,934 46,800 1,360 �10.1 2.1

a Simulated flock-size data based on lognormal distributions.
b x̄ no. of simulated flocks detected.

Butler et al. � Wild Turkey Aerial Surveys 1643



of the number of individuals in detected flocks was
increasingly underestimated as flock size increased (r ¼
�0.974, P , 0.001). This bias tended to be less for
simulated populations with smaller flock sizes (Table 2)
because flock-size estimates were more accurate for small
flocks. Flock size was influential in predicting the percentage
of a flock counted but flock size is rarely known during aerial
surveys. Therefore, this bias became apparent in the
simulations. Thus, we recommend the continued use of
decoys to further refine and verify detectability models,
evaluate other potential factors affecting detectability, and
evaluate the applicability of the technique in other
ecoregions.

Natural resource agencies such as TPWD conduct mid-
winter (usually Jan) aerial surveys for waterfowl (Wildlife
Management Institute 2005) using a technique similar to
ours. Their surveys are conducted on 400-m-wide transects
at a speed of about 144 km per hour from about 45 m above
ground level. The midwinter waterfowl survey covers about
1% of the Texas Rolling Plains ecoregion, which is
sufficient (�0.80 power) to detect change (10–25%) in
wild turkey populations over a 4–5-year period. However,
survey efforts for Rio Grande wild turkeys should focus on
riparian areas because wild turkey populations in the Texas
Rolling Plains are concentrated with 1 km of riparian
vegetation (Brunjes 2005). Perhaps the midwinter waterfowl
survey effort should be focused on riparian areas as well, but
instead TPWD uses transects that are 96 km in length,
oriented north to south, covering both riparian and upland
communities. Therefore, some modifications might be
necessary to incorporate aerial surveys for Rio Grande wild
turkeys into midwinter waterfowl surveys.

MANAGEMENT IMPLICATIONS

Fixed-wing aircraft provide rapid coverage of large areas and
access to sites inaccessible from the ground. Although
abundance estimates may be underestimated by 10–15%,
fixed-wing aerial surveys and observation probability models
can provide sufficient power (�0.80) to detect trends (10–
25% change) in wild turkey populations over a 4–5-year
period on large ecoregion scales. However, problems with
estimating the number of birds in wild turkey flocks resulted
in biased abundance estimates. Though this bias requires
caution until additional research can address the problem of
estimating flock size, fixed-wing aerial surveys provide a
good technique for monitoring Rio Grande wild turkey
populations.
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