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ABSTRACT 

 

Few studies have assessed methods of estimating abundance, density, and trends 

for wild turkey (Meleagris gallopavo) populations and most wild turkey survey efforts 

have been limited to small scales, unstandardized, and unsuccessful.  However, 

successful large-scale monitoring programs are important to management decisions and 

evaluating management activities.  Recent evidence has suggested some Rio Grande wild 

turkey (M. g. intermedia) populations in the Southern Great Plains have began to decline, 

emphasizing the importance of population monitoring.  Thus, my objectives were to 

develop and evaluate abundance estimation techniques for Rio Grande wild turkeys and 

determine if useful trends in population change are detectable on ecoregion scales. 

Counting Rio Grande wild turkeys at winter roosts is a technique commonly used 

to index abundance because they congregate in specific roosts throughout winter.  I 

compared 5 techniques for counting wild turkeys on winter roosts and found advanced 

technologies such as night vision devices, thermal infrared cameras, and automated video 

monitoring systems were ineffective.  Though the more traditional morning counts were 

best, additional research concerning sampling design and identification of roosting 

habitat are needed. 

Aerial surveys have been used to estimate abundance for several wild bird species 

including wild turkeys.  I used inflatable turkey decoys and wild turkey flocks that 

contained radio-tagged individuals to evaluate detectability of flocks and individuals 

within flocks during fixed-wing and helicopter surveys.  I conducted computer 
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simulations to evaluate the performance of aerial surveys and examined power to detect 

trends in population change.  My simulations suggested fixed-wing surveys would 

underestimate abundance by about 10% to 15% with a relative variability of 2.0% to 

4.8%, but helicopter surveys would underestimate population abundance by about 5.6% 

with a relative variability of only 4.6%.  Also, power analyses suggested aerial surveys 

can provide sufficient power to detect a population change of 10% to 25% over a 4- to 5-

year period.  Though, estimates from fixed-wing and helicopter surveys had similar 

biases and relative variability, helicopter surveys can cost as much as 6 times that of 

fixed-wing surveys.  Also, fixed-wing aerial surveys for wild turkeys can probably be 

incorporated into similar aerial surveys such as midwinter waterfowl surveys. 

Many states use opportunistic poult-hen counts from roads to index wild turkey 

population parameters such as reproduction, recruitment, and density.  I conducted an 

intensive poult-hen counting effort in the Southern Great Plains.  I found reproductive 

and recruitment parameters were correlated (r2 > 0.349, 9 > n < 10, P < 0.05) to my local 

scale poults/hen estimates.  However, ecoregion scale poults/hen estimates obtained from 

Texas Parks and Wildlife Department (TPWD) were not correlated to reproductive or 

recruitment parameters (r2 < 0.143, 13 > n < 16, P > 0.10) and poult-hen counts cannot be 

used to index density.  The inadequacy of TPWD poults/hen estimates probably resulted 

from small sample sizes and poor sampling of the ecoregion.  Ground-based surveys can 

be improved with line transect-based distance sampling from roads.  However, because 

wild turkeys may avoid or be attracted to roads, I examined their distributional patterns 
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around roads and found autumn midday and winter AM were the best times to conduct 

road surveys in the Southern Great Plains. 

I used inflatable turkey decoys to evaluate detectability of flocks and individuals 

within flocks during road surveys.  I conducted computer simulations to evaluate the 

performance of line transect-based distance sampling from roads and examined power to 

detect trends in population change.  My simulations suggested density estimates may be 

biased by about –24% during winter (11.2% CV) and by about –37% during autumn 

(13.3% CV).  Winter surveys tended to have less bias, lower relative variability, and 

greater power than autumn surveys.  During winter surveys, power was sufficient to 

detect a 10% to 25% change in population density in 5 to 7 years. 

Aerial surveys are more expensive than line transect-based distance sampling 

from roads.  However, estimates from road surveys had greater bias and relative 

variability when compared to aerial techniques.  Also, responsive movements and 

avoidance-attraction behaviors by wild turkey flocks and difficulty obtaining 

representative samples may present problems in road based surveys.  Additionally, fixed-

wing aerial surveys for wild turkeys may be incorporated into similar midwinter 

waterfowl surveys.  Thus, if fiscal restrains permit, I suggest managers use fixed-wing 

aircraft to monitor wild turkey populations in the Southern Great Plains. 

 xi
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CHAPTER I 

INTRODUCTION 

 

Rio Grande Wild Turkeys 

The Rio Grande wild turkey (Meleagris gallopavo intermedia) is the second most 

abundant subspecies of wild turkey (Tapley et al. 2001).  It was historically distributed 

throughout southern Kansas, western Oklahoma, central and western Texas, and 

northeastern Mexico (Beasom and Wilson 1992).  Unfortunately, knowledge concerning 

Rio Grande wild turkey populations has not kept pace with that of other wild turkey 

subspecies (Peterson 1998).  Most research has focused on the eastern (M. g. silvestris) 

and Merriam’s (M. g. merriami) subspecies. 

 Prior to European settlement, the Rio Grande wild turkey population was 

estimated between 1.8 and 2.0 million birds (Schorger 1966).  Unfortunately, by the early 

1900s, the Rio Grande wild turkey had been extirpated from most of its historic range 

(Lee 1959, Schorger 1966, Glazener 1967, Beasom and Wilson 1992, Hlavachick and 

Miller 1997).  Unregulated hunting during the 1800s and habitat conversion, degradation, 

and destruction reduced numbers to approximately 96,000 in Texas by 1928 (Texas 

Game, Fish, and Oyster Commission [TGFOC] 1929, TGFOC 1945, Gore 1969).  Also, 

similar population reductions occurred in Mexico (Leopold 1948).  This resulted in 

remnant flocks, located primarily in central and south Texas and Nuevo León, 

Tamaulipas, and Coahuila, Mexico. 

 1



 The TGFOC began an extensive Rio Grande wild turkey re-stocking effort as 

early as 1930, resulting in the release of 22,968 birds in Texas by 1991 (Beasom and 

Wilson 1992).  An additional 5,735 birds were translocated to other states and nations 

(Glazener 1967, Capel 1973, Beasom and Wilson 1992).  Fortunately, restoration projects 

have been successful and wild turkeys have expanded rapidly.  However, few studies 

have addressed methods of estimating abundance, density, and trends in wild turkey 

populations.  This is probably because wild turkey populations have been on the rebound 

during the latter half of the 20th century (Beasom and Wilson 1992, Kennamer et al. 

1992). 

 

Justification and Objectives 

 Many techniques have been used to estimate abundance, density, and trends for 

wildlife populations (Thompson et al. 1998, Lancia et al. 2005).  These techniques 

include but are not limited to direct counts, mark-resight, mark-recapture, strip-transect, 

line-transect, variable circular-plot, catch-effort, and change-in-ratio methods.  Many 

wild turkey survey efforts such as winter roost counts, hen-poult counts, gobble counts, 

and harvest surveys have been limited, unstandardized, and unsuccessful.  Also, those 

surveys may be not sensitive to changes in population abundance (Burk 2001).  Hen-

poult counts are suited best as indices of reproduction but may not reveal anything about 

abundance.  Gobble counts are likely indices of abundance but are limited to the male 

portion of the population.  Also, it is difficult to utilize harvest surveys to index 

populations that have low harvest mortality such as those in the Southern Great Plains. 
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Different techniques will result in different estimates of abundance or density.  

However, some techniques are better suited to Rio Grande wild turkey populations than 

are other techniques.  Thus, the objectives of this study were to develop and evaluate Rio 

Grande wild turkey density and abundance estimation techniques and determine if useful 

trends in population change are detectable on local and ecoregion scales.  Without precise 

population trend estimates, it is difficult to judge the effectiveness of wildlife 

management activities (Lancia et al. 2005).  Also, population abundance or density is 

functionally related to other parameters of interest such as growth rate and extinction 

probability (Sutherland 1996, Bibby et al. 2000, Lancia et al. 2005).  Thus, estimates of 

abundance or density of wildlife populations are a fundamental component of wildlife 

management activities. 

The following chapters constitute partial fulfillment of the requirements for the 

degree of Doctor of Philosophy in Wildlife Science for the Graduate School at Texas 

Tech University.  All chapters represent my ideas, analyses, and writing ability.  These 

chapters are the result of research conducted on Rio Grande wild turkeys at 3 study sites 

in the Texas Rolling Plains and 1 in southwestern Kansas.  The study sites are described 

in Chapters II through VI.  The results of this research are presented in 5 chapters 

(Chapters II through VI) and were written as separate manuscripts intended for 

submission to peer-reviewed journals.  Chapter VII is a summary of all the chapters.  For 

consistency, I followed the scientific style of The Journal of Wildlife Management 

(Messmer and Morrison 2006) for each chapter. 
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 Chapter II compares the use of several different techniques for counting Rio 

Grande wild turkeys at winter roosts and was published in Managing Wildlife in the 

Southwest (Butler et al. 2006a).  Chapter III is an extensive evaluation of the application 

and utility of estimating abundance of Rio Grande wild turkeys from aerial surveys.  It 

compares surveys from fixed-wing aircraft and helicopters.  Chapter III is intended for 

submission to The Journal of Wildlife Management.  Chapter IV is an evaluation of the 

utility of poult-hen counts to index productivity of Rio Grande wild turkeys.  It is in press 

in the 9th National Wild Turkey Symposium Proceedings (Butler et al. 2006b).  Chapter V 

is an examination of the relationship of Rio Grande wild turkey distributions to roads.  It 

allowed an evaluation of an assumption associated with line-transect based distance 

sampling from roads and was published in the Wildlife Society Bulletin (Butler et al. 

2005).  Chapter VI is an extensive evaluation of the utility of line-transect based distance 

sampling from roads applied to the estimation of Rio Grande wild turkey density.  It is 

intended for submission to The Journal of Wildlife Management. 

 Chapters II through VI each have several coauthors.  Coauthorship was 

determined using guidelines set by Dickson and Conner (1978), Ballard (2005), and the 

CBE Style Manual Committee (1994).  Authorships are as follows: 

Chapter II.  Matthew J. Butler, Warren B. Ballard, Mark C. Wallace, Stephen J. DeMaso, 

and Roger D. Applegate. 

Chapter III.  Matthew J. Butler, Warren B. Ballard, Mark C. Wallace, Stephen J. 

DeMaso, and Brady K. McGee. 
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Chapter IV.  Matthew J. Butler, Galon I. Hall, Mark C. Wallace, Warren B. Ballard, 

Richard S. Phillips, John H. Brunjes, Ross T. Huffman, Rachael L. Houchin, 

James C. Bullock, Stephen J. DeMaso, Roger D. Applegate, and Michael C. 

Frisbie. 

Chapter V.  Matthew J. Butler, Warren B. Ballard, Mark C. Wallace, and Stephen J. 

DeMaso. 

Chapter VI.  Matthew J. Butler, Warren B. Ballard, Mark C. Wallace, and Stephen J. 

DeMaso. 
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CHAPTER II 

COMPARING TECHNIQUES FOR COUNTING RIO 

GRANDE WILD TURKEYS AT WINTER ROOSTS 

 

Abstract 

Counting Rio Grande wild turkeys (Meleagris gallopavo intermedia) at winter 

roosts is a technique commonly used to index their abundance because they congregate in 

specific roost sites throughout the winter.  We compared 5 techniques for counting wild 

turkeys on winter roosts.  We used direct observation during evening and morning hours, 

and advanced technology such as a night vision device (NVD), a thermal infrared camera 

(thermal IR), and an automated video monitoring system (AVMS).  Morning counts were 

8.7 + 5.9% (percent difference + SE) larger than evening counts and 25.8 + 5.4% larger 

than NVD counts.  Morning counts were similar (28.6 + 12.6%) to counts from the 

AVMS.  Also, counts from the thermal IR were 46.6 + 8.9% smaller than the evening 

counts and were similar (14.0 + 31.5%) to the NVD counts.  Overall, we found the 

advanced technology (e.g., NVD, thermal IR, or AVMS) was ineffective for counting 

wild turkeys at winter roosts and the more traditional morning counts provided the largest 

counts.  Thus, we suggest using direct observation during the morning when counting Rio 

Grande wild turkeys at winter roosts. 
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Introduction 

Rio Grande wild turkeys (Meleagris gallopavo intermedia) often congregate in 

specific roost sites throughout winter (Thomas et al. 1966, Watts and Stokes 1971).  

Many techniques have been used to count Rio Grande wild turkeys at winter roost sites.  

For example, counts have been obtained from surveying landowners (Thomas et al. 1966, 

Cook 1973), counting wild turkeys in the general area of known roosts (DeArment 1975, 

Healy and Powell 1999), and counting wild turkeys as they flew into or from roosts 

(Thomas et al. 1966, Cook 1973, Smith 1975).  Also, increased interest in the use of 

advanced technology such as night vision devices (NVD), thermal infrared cameras 

(thermal IR), and automated video monitoring systems (AVMS) for counting wild 

turkeys at winter roosts has emerged.  However, little information comparing counting 

techniques is available. 

Variation exists among the potential techniques for counting wild turkeys at 

winter roosts.  However, only direct counts obtained by wildlife professionals and 

landowner surveys have been compared (Thomas et al. 1966, Cook 1973).  Those 

comparisons suggested that landowner surveys were adequate to index direct winter roost 

counts in areas with stable winter roosting patterns.  Thus, our objectives were to 

compare several techniques for counting wild turkeys at winter roosts and examine the 

relationships among counts generated with these techniques.  Specifically, we were 

interested in counts obtained from direct observation of roosting wild turkeys during 

evening hours, from direct observation during morning hours, from a NVD, from a 
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thermal IR, and from an AVMS.  Our results will help researchers and managers 

eliminate ineffective techniques and focus future evaluation and validation efforts. 

 

Study Area 

 We conducted counts of wild turkeys at winter roosts at 3 study sites in the Texas 

Panhandle and 1 site in southwestern Kansas (Figure 2.1).  The Texas study sites were 

centered on (1) the Matador Wildlife Management Area (WMA), located northwest of 

Paducah in Cottle County along the confluence of the Middle and South Pease rivers; (2) 

the Gene Howe WMA, located east of Canadian in Hemphill County along the Canadian 

River; and (3) private ranches surrounding the Salt Fork of the Red River, located north 

of Hedley in western Collingsworth and eastern Donley counties.  The Kansas study site 

was centered on the Cimarron National Grasslands north of Elkhart in Stevens and 

Morton counties, Kansas, and Baca County, Colorado along the Cimarron River.  The 

riparian areas of the 4 study sites were dominated by eastern cottonwood (Populus 

deltoides), western soapberry (Sapindus drummondi), hackberry (Celtis occidentalis), 

netleaf hackberry (C. reticulate), sugarberry (C. laevigata), honey locust (Gleditsia 

triacanthos), black locust (Robinia pseudo-acacia), elms (Ulmus spp.), tamarisk 

(Tamarix chinensis), sand plum (Prunus angustifolia), and Russian olive (Eleagnus 

angustifolia).  More detailed descriptions of the study sites were provided by Holdstock 

(2003), Hall (2005), Huffman (2005), and Butler et al. (2005). 
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Methods 

Rio Grande wild turkey winter roosts were identified from historical data (Texas 

Parks and Wildlife Department, unpublished data), recent radiotelemetry efforts 

(Holdstock 2003, Phillips 2004), and communication with land managers.  Wild turkeys 

were counted periodically at these winter roosts from mid-November through mid-March 

during 2003–2005.  We conducted counts after leaf fall in autumn and before leaf 

emergence in spring. 

We conducted morning and evening counts to obtain direct observations of wild 

turkeys congregating on the ground, flying to and from the roost, and settling in the roost 

trees.  During morning and evening counts, observers used 10 power binoculars as 

needed; roosts were typically observed from <100 m.  We used infrared technology to 

observe roosts after dark (i.e., 1 hr after sunset to 1 hr before sunrise).  We used a 

Generation-III NVD (U.S. Night Vision® Goggle PVS-7B Ultra with an attachable 3X 

lens, U.S. Night Vision Corporation, Costa Mesa, California, USA) and a handheld 

thermal IR (Raytheon Thermal-Eye 250D thermal-infrared camera, L-3 Communications, 

New York, New York, USA) to observe roosting wild turkeys; roosts were typically 

observed from <50 m.  The NVD cost approximately $3,500 (U.S.) and relies on 

reflected light in the visible and near-infrared wavelengths.  The thermal IR cost 

approximately $13,000 (U.S.) and relies on infrared light emitted from thermal sources. 

We also used the AVMS to record roosting activities on 1.25 cm vertical helical 

scan (VHS) tape (Sony® T-160 VHS, Sony Corporation, Tokyo, Japan).  The AVMS 

(Figure 2.2) was a hybridization of the designs of King et al. (2001), Kristan et al. (1996), 
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and Lewis et al. (2004) as reported in McGee et al. (2005).  The AVMS had zoom 

capabilities and recording times were programmable (McGee et al. 2005).  The AVMS 

cost approximately $1,600 (U.S.).  After monitoring roosts several times to determine 

typical roost trees, we positioned the AVMS to allow the best, but likely incomplete, 

coverage of roost trees.  The AVMS was programmed to record approximately 1 hour 

before and after sunrise and sunset allowing recording of wild turkeys as they flew into 

and from the winter roost.  Counts of wild turkeys in the roosts were obtained from the 

VHS recordings. 

Wild turkeys fly into a roost around sunset and usually remain there until sunrise.  

We considered the period of time from the evening flight to the morning flight as a 

roosting event.  For each roosting event, >2 of the 5 techniques were used to count wild 

turkeys on the winter roost, which allowed pairing of the techniques for comparison with 

paired t-tests (Zar 1999).  To avoid potential bias from prior knowledge of the number of 

turkeys in a roost, different observers were used for each technique during a specific 

roosting event.  Data for comparing thermal IR counts with the morning and AVMS 

counts were not available because the thermal IR was only available to us for a short 

period of time. 

 

Results 

Comparisons were conducted on 105 roosting events.  The number of Rio Grande 

wild turkeys observed during those roosting events ranged from 2 to 319.  Evening 

counts resulted in 20.9 + 3.5% larger counts than the NVD counts (Table 2.1).  Morning 
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counts were 8.7 + 5.9% and 25.8 + 5.4% larger than evening and NVD counts, 

respectively (Table 2.1).  Counts from the thermal IR were 46.6 + 8.9% smaller than 

evening counts but were similar (14.0 + 31.5%) to the NVD counts (Table 2.1). 

 Though we attempted to position the AVMS to allow the best coverage of a roost, 

on 9 of 17 events we did not record wild turkeys in the roost because turkeys did not use 

their usual trees.  Also, on 2 occasions, no wild turkeys were recorded during the morning 

because of dew on the lens or foggy conditions.  Otherwise, 8 attempts resulted in a 

count.  Morning (28.6 + 12.6%), evening (15.2 + 13.5%), and NVD (3.3 + 15.1%) counts 

were similar to those 8 counts obtained from the AVMS (Table 2.1). 

 

Discussion 

 Though the AVMS counts were similar to morning counts, it was not an effective 

technique.  To properly set up the AVMS, roosts were observed for several days to 

determine the typical roost trees used by wild turkeys in a roost area.  However, because 

of unstable roosting patterns, only 8 of 17 attempts at using the AVMS were successful.  

Other techniques allowed the observer to move in response to wild turkey movements 

(e.g., wild turkeys sometimes choose to roost in different trees on different nights).  Thus, 

without stable roosting patterns, we do not recommend using an AVMS to count Rio 

Grande wild turkeys at winter roosts. 

 Direct observation of roosts during the morning resulted in the largest counts.  

Because wild turkeys may not roost in the same trees from night to night, direct 

observation was more difficult during the evening.  In large stands of trees, it was more 
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difficult to predict where wild turkeys would roost during a particular roosting event.  

But, during the morning it was easier to locate roosts (via visual location and sound) 

before turkeys begin to depart, resulting in larger counts.  Also, wild turkeys often fly 

into open areas during morning, allowing for better counts.  However, few morning roost 

counts of vultures (Cathartes aura and Coragyps atratus) were successful because a large 

number of vultures would depart the roost at once (Sweeney and Fraser 1986).  We also 

found it was difficult to count wild turkeys when many departed the roost at once.  

However, this behavior occurred during morning and evening hours; it was unpredictable 

and varied among roosts and days. 

Many factors such as tree, limb, and twig densities and illumination strongly 

affected NVD ability.  With the NVD, wild turkeys appeared as silhouettes against the 

night sky.  However, in low light conditions, wild turkey silhouettes were often 

indistinguishable from other shadows.  In more illuminated conditions (e.g., full moon), 

wild turkey silhouettes were usually obscured by limbs and twigs that were much more 

visible due to reflected moon light. 

Thermal IR counts were smaller than evening counts and similar to NVD counts.  

We observed that wild turkeys tuck their heads under their wings at night leaving little 

exposed skin.  Because of the insulating capacity of their feathers, little heat escapes for 

detection.  Wakeling et al. (2003) had similar difficulties with aerial thermal IR counts 

for Merriam’s wild turkeys (M. g. merriami).  However, we learned counts could be 

improved by emulating a yelp with a box or diaphragm call because wild turkeys would 

usually expose their heads revealing a thermal signature. 
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Advanced technology such as NVD, thermal IR, or AVMS was not as effective at 

determining the number of wild turkeys in a winter roost.  But, the more traditional 

morning counts typically provided the largest counts.  Thus, we suggest researchers and 

managers strive to obtain the best possible counts using morning counts; however, 

several survey attempts may be necessary to obtain the best possible count. 
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Table 2.1.  Paired comparisons of techniques used for counting Rio Grande wild turkeys 
 
at winter roosts in the Texas Panhandle and southwestern Kansas during mid-November 
 
through mid-March, 2003–2005. 
________________________________________________________________________ 
 
 Percent difference  Paired t-test 
 ________________________ __________________ 
Paired comparison  n mean SE t P 
________________________________________________________________________ 
morning – evening 32   8.7   5.91 2.121   0.042 
 
morning – NVD 38 25.8   5.39 3.174   0.003 
 
morning – AVMS   8 28.6 12.57 1.841   0.108  
 
evening – NVD 77 20.9   3.52 5.340 <0.001 
 
evening – thermal IR 10 46.6   8.94 3.344   0.009 
 
evening – AVMS   8 15.2 13.51 1.492   0.179 
 
AVMS – NVD   8   3.3 15.11 0.617   0.557 
 
NVD – thermal IR   7 14.0 31.46 0.523   0.620 
________________________________________________________________________ 
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Figure 2.1.  Locations of study sites (from north to south: Cimarron National Grasslands 
 
[CNG], Gene Howe Wildlife Management Area [GHWMA], private ranches surrounding 
 
the Salt Fork of the Red River [SFRR], and Matador Wildlife Management Area 
 
[MWMA]) used to compare techniques for counting Rio Grande wild turkeys at winter 
 
roosts during mid-November through mid-March, 2003–2005. 
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Figure 2.2.  Schematic diagram of an automated video monitoring system used for 

recording Rio Grande wild turkeys at winter roosts (similar to King et al. 2001, Kristan et 

al. 1996, and Lewis et al. 2004 as reported in McGee et al. 2005).  (A) Power supply and 

recording equipment were placed in a weatherproofed cargo box.  The solid lines 

represent power transmission wires and the dotted lines represent video transmission 

wires.  (B) The video camera was placed in a weatherproofed metal camera housing.  In 

order to maintain weatherproofing, the primary video cable was enclosed in nonmetallic 

flexible conduit connected to the cargo box and the camera housing. 
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CHAPTER III 

APPLICATION AND UTILITY OF AERIAL SURVEYS 

FOR ESTIMATING NUMBER OF RIO GRANDE 

WILD TURKEYS IN THE TEXAS ROLLING 

PLAINS 

 

Abstract 

Aerial surveys have been used to estimate population abundance for 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) populations to evaluate detectability of flocks and individuals within 

flocks during fixed-wing aerial surveys using logistic and linear regression models.  

However, because about 82% of wild turkey flocks flush when approached by a 

helicopter, turkey decoys cannot be used to evaluate detection during helicopter surveys.  

Instead, we used flocks that contained radio-tagged individuals to determine flock 

detection rates and ground-based counts to evaluate individual detection by helicopters.  

However, we were only able to assess detectability of individuals within flocks using a 

subjective classification of confidence because flock size and composition changed 

during the time between the ground-based and helicopter surveys.  We conducted 

computer simulations to evaluate the performance of the aerial survey techniques and 

examined the power to detect linear trends in population change.  Our simulations 

suggested that the fixed-wing aerial survey technique would underestimate population 
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abundance by about 10% to 15% with a relative variability of only 2.0% to 4.8%.  In 

contrast, our simulations suggested helicopter surveys would underestimate population 

abundance by about 5.6% with a relative variability of only 4.6%.  Power analyses 

suggested that using the fixed-wing or helicopter survey technique provides sufficient 

power (>0.80) to detect a population change of 10% to 25% over a 4- to 5-year period.  

Rental of a Cessna 172 airplane costs about $2.38/km2 surveyed and rental of an R44 

helicopter costs about $13.19/km2 surveyed.  To obtain relatively precise, though slightly 

biased, estimates of wild turkey populations, 923 to 1,846 km2 (plus 17 to 34 hours of 

personnel time) must be surveyed with fixed-wing aircraft or 1,050 to 2,100 km2 (plus 30 

to 59 hours of personnel time) must be surveyed with helicopters.  Thus, considering 

costs, precision, and bias, fixed-wing aerial surveys are more feasible than helicopter 

surveys and probably can be incorporated into similar aerial surveys such as midwinter 

waterfowl surveys. 

 

Introduction 

Wild turkey (Meleagris gallopavo) populations were on the rebound during the 

latter half of the 20th century because of restoration and restocking efforts (Beasom and 

Wilson 1992, Kennamer et al. 1992).  However, recent evidence has suggested some Rio 

Grande wild turkey (M. g. intermedia) populations in the Texas Rolling Plains have 

begun to decline (Brunjes 2005).  Few studies have assessed methods of estimating 

abundance, density, and trends for wild turkey populations (DeYoung and Priebe 1987, 

Weinstein et al. 1995, Cobb et al. 2000).  Given the trends of this economically important 
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wildlife species, accurate population monitoring techniques are crucial for effective 

management. 

Many techniques have been used to index or estimate abundance, density, and 

trends for wildlife populations (Thompson et al. 1998, Lancia et al. 2005).  However, 

many wild turkey survey efforts such as winter roost counts (Butler et al. 2006a), hen-

poult counts (Butler et al. 2006b), gobble counts, and harvest surveys have been limited, 

unstandardized, and often unsuccessful.  Aerial surveys have been an important technique 

in wildlife management (Caughley 1977).  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, Smith et al. 1995) and 

helicopters have been used in many cases as well (Craig and Craig 1984, Shupe et al. 

1987, Schroeder et al. 1992, Gabor et al. 1995, Kubisiak et al. 1997, Cordts et al. 2002).  

However, the application of aerial surveys for wild turkey populations has been limited 

(Beasom 1970, Thompson and Baker 1981, Kubisiak et al. 1997).  Only 1 study 

(Kubisiak et al. 1997) has examined the detectability of wild turkeys during aerial 

surveys.  Detectability of flocks and individuals within flocks may be affected by factors 

such as distance from the observer, flock size, vegetative cover type, weather and 

illumination, and animal activity (Gasaway et al. 1985, Samuel et al. 1987, Otten et al. 

1993, Bodie et al. 1995, Smith et al. 1995). 

Previous efforts to develop aerial detectability models for wildlife species have 

used radio-tagged individuals to determine which groups were not detected during a 

survey (Samuel et al. 1987).  However, when using radio-tagged individuals, researchers 
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have often assumed all individuals within the detected groups were counted.  That 

assumption is probably unreasonable for Rio Grande wild turkeys and at least should be 

tested.  Another approach allows the comparison of complete ground-based counts of a 

sample of groups and incomplete aerial counts of those groups (Kubisiak et al. 1997).  

However, that approach requires group size and composition to remain constant during 

the period of time between the ground-based and aerial surveys.  Other studies have used 

decoys during aerial surveys to determine detection rates (Smith et al. 1995) because size 

and composition of groups can be held constant during a survey.  This technique can be 

applied to fixed-wing aerial surveys, but during preliminary flights (45 m above ground 

level at 90 km/hour), we observed about 82% of wild turkey flocks will flush when 

approached by a helicopter.  Because of this high flush rate, turkey decoys cannot be used 

to evaluate the detectability of wild turkeys during helicopter surveys, but the approach of 

comparing ground-based and aerial counts is appropriate. 

The objectives of our study were (1) to determine the relationships among flock 

size, distance from the observer, and vegetative cover type on detectability of wild turkey 

flocks and individuals within flocks and (2) to evaluate and compare the accuracy and 

precision obtainable for wild turkey population abundance estimates from fixed-wing and 

helicopter surveys in areas of little forest cover and no snow.  Specifically, we 

hypothesized that flock detectability and detectability of individuals within a flock was a 

function of perpendicular distance from a flock to the transect, vegetative cover type, and 

flock size. 
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Study Area 

We conducted research at 3 study sites along the western edge of the Texas 

Rolling Plains.  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 surrounding the 

confluence of Whitefish Creek and the Salt Fork of the Red River (Salt Fork) located 

north of Hedley in eastern Donley and western Collingsworth 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, 

grasslands, sandsage (Artemisia filifolia), 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 

drummondi), hackberry (Celtis occidentalis), netleaf hackberry (C. reticulate), sugarberry 

(C. laevigata), honey locust (Gleditsia triacanthos), black locust (Robinia 

pseudo-acacia), elms (Ulmus spp.), tamarisk (Tamarix chinensis), sand plum (Prunus 

angustifolia), and Russian olive (Eleagnus angustifolia).  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, 
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and oil and gas development.  More detailed descriptions of the study sites were provided 

by Spears et al. (2002), Hall (2005), Butler et al. (2006b), Holdstock et al. (2006), and 

Huffman et al. (2006). 

 

Methods 

Fixed-wing aircraft surveys 

We used 400 Sceery® Inflatable Turkey Decoys (Sceery Outdoors, Ltd., Santa 

Fe, New Mexico, USA) to simulate wild turkey populations.  Inflatable turkey decoys 

cost about $8.75 (U.S.) 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.  Each survey block contained transects 

that were placed 400 m apart.  We placed flocks of decoys along survey transects at 

random distances (0 to 200 m) from transects.  We allowed decoy flock size to randomly 

vary between 1 and 50.  During January through March 2005, we flew survey transects in 

a Cessna 172 airplane (Cessna Aircraft Co., Wichita, Kansas, USA) with 2 observers; the 

pilot did not act as an observer.  It cost $135 (U.S.) 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/hr which was similar to Texas Parks and Wildlife Department’s (TPWD) 

midwinter 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 25-m intervals.  We instructed observers to focus their 
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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).  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), brushland (e.g., 

mesquite, plum thickets, juniper, shinnery oak), and woodland (e.g., cottonwood, 

hackberry, soapberry, elm, locust). 

Observers recorded survey data with a microphone (RadioShack® Electret 

Condenser Microphone 33-3104, RadioShack, Corp., Fort Worth, Texas, USA) and a 

cassette tape recorder (RadioShack® Cassette Tape Recorder CTR-122, RadioShack, 

Corp., Fort Worth, Texas, USA) and recorded coordinates perpendicular to detected 

decoy flocks with the quickmark function on a Trimble Global Positioning System (GPS 

Pathfinder Pro XRS Receiver with TSC1 Asset Surveyor version 5.27, Trimble 

Navigation, Ltd., Sunnyvale, California, USA).  We used the quickmarks to help identify 

which decoy flocks were detected.  We also used the Trimble unit to record the actual 

survey route flown and locations of all the pre-positioned inflatable turkey decoy flocks. 

As part of a larger study, 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/year with an 8-hour mortality 

switch, 95-g, backpack-style radio-transmitter (Model #A1155, Advanced Telemetry 

Systems, Inc., Isanti, Minnesota, USA).  We used the radio-tagged wild turkeys to help 

evaluate the applicability of using turkey decoys to develop detectability models.  A 

ground observer conducted triangulation on radio-tagged wild turkeys that were in the 
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survey area during the aerial surveys using an ATS receiver (Advanced Telemetry 

Systems, Inc., Isanti, Minnesota, USA), a hand-held 3-element yagi antenna (Wildlife 

Materials, Inc., Murphysboro, Illinois, USA), 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 >45° within 15 to 20 minutes.  We used the 

maximum likelihood estimation method in the Location of a Signal software (LOASTM, 

Ecological Software SolutionsTM, Urnäsch, Switzerland) to estimate Universal Transverse 

Mercator (UTM) coordinates of triangulated wild turkeys.  During the surveys, aerial 

observers recorded whether detected flocks were turkey decoys or live turkeys. 

 

Helicopter surveys 

We used wild turkey flocks that contained radio-tagged individuals to determine 

flock detection rates during helicopter surveys.  We used 3 survey blocks at the Matador 

and 3 survey blocks at the Gene Howe that contained radio-tagged wild turkey flocks.  

The survey blocks at the Matador were 28.0 km2, 16.8 km2, and 8.0 km2 and the survey 

blocks at the Gene Howe were 18.5 km2, 10.5 km2, and 6.0 km2.  We also surveyed an 

additional 12.2-km2 area while flying between survey blocks.  Each survey block 

contained transects that were placed 400 m apart.  We flew the transects during March 

2006 from a R44 helicopter (Robinson Helicopter Co., Torrance, California, USA) with 2 

observers and a radio-telemetry operator; the pilot was also an observer.  The pilot 

focused most of his survey effort in front of the helicopter and the other observers 

focused their survey efforts to the side of the helicopter out to 200 m.  The radio-
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telemetry operator determined which radio-tagged flocks were detected using an ATS 

receiver and a 4-element yagi antenna (Hutton Communications, Inc., Dallas, Texas, 

USA) mounted to the landing strut of the helicopter.  The radio-telemetry operator was 

also responsible for recording data.  It cost $475 (U.S.) per hour to rent the R44 

helicopter.  We used a Bushnell® Yardage Pro Scout (Bushnell Performance Optics, 

Bausch & Lomb, Inc., Overland Park, Kansas, USA) or Nikon® Laser 600 (Nikon, Inc., 

Tokyo, Japan) rangefinder to measure distance to observed flocks.  We flew the surveys 

at an altitude of about 45 m above ground level and at about 90 km/hr.  We recorded 

UTM coordinates of detected wild turkey flocks with the quickmark function on a 

Trimble GPS unit.  We also used the Trimble unit to record the actual survey route flown.  

For detected wild turkey flocks, we recorded flock size, distance to flock, vegetative 

cover type, radio-frequencies heard in the flock, and confidence in our count of flock size 

by subjectively classifying counts of flock size as overestimates or underestimates.  We 

categorized confidence in our counts into 6 groups for underestimates (0% to 20%, 20% 

to 40%, 40% to 60%, 60% to 80%, 80% to 95%, 95% to 100%) and 6 groups for 

overestimates (0% to 5%, 5% to 20%, 20% to 40%, 40% to 60%, 60% to 80%, 80% to 

100%). 

From the ground, we obtained visual observations of wild turkey flocks 

containing radio-tagged individuals within 4 hours of the helicopter surveys to evaluate 

individual detection within flocks.  The ground-based observers obtained visual 

observations of flocks by homing to radio-tagged wild turkeys using an ATS receiver and 

a hand-held 3-element yagi antenna.  We did not attempt to obtain ground-based counts 

 32



during the helicopter surveys because we did not want the presence of the ground 

observers to bias detection rates. 

 

Modeling detectability 

To evaluate whether detectability of wild turkey flocks and individuals within 

flocks was a function of distance from the transect, vegetative cover type, and flock size, 

we developed 16 a priori models (Table 3.1 and Table 3.2).  We used SPSS® 13.0 (SPSS 

Inc., Chicago, Illinois, USA) to analyze the data.  To evaluate the models, we used the 

second-order Akaike’s information criterion (AICc), which has an additional bias 

correction term, 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 the principle of parsimony, 

which is a trade-off between bias and variance (Burnham and Anderson 2001, Burnham 

and Anderson 2002). 

For flock detectability, we used logistic regression (Hosmer and Lemeshow 2000) 

and evaluated 8 a priori models (Table 3.1).  We used AICc weights to evaluate the 

relative importance of distance to a flock, flock size, and vegetative cover for flock 

detection.  We were not trying to create a “best” model.  For the logistic regression 

models, the response variable for flock detection 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 
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test (Hosmer and Lemeshow 2000).  For the detectability of individuals within a detected 

flock, we used 8 a priori linear regression models (Table 3.2) and AICc weights to 

evaluate the relative importance of distance to a flock, flock size, and vegetative cover.  

For the linear regression models, the response variable for detection of individuals within 

a flock was the percent of individuals detected within a flock.  The modeling effort for 

detectability of individuals was limited to those flocks that were detected.  Because of 

small sample size, we were unable to evaluate effects of distance, vegetative cover type, 

and flock size on flock detection for helicopter surveys. 

 

Computer simulations 

We conducted computer simulations using MatLab® 6.5 (The MathWorks, Inc., 

Natick, Massachusetts, USA) to evaluate the performance of the fixed-wing and 

helicopter survey techniques.  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 opportunistically collected at our study sites during winter (December–

March), 2003 through 2006 (Butler et al. 2006b).  We also used a flock size distribution 

skewed toward smaller flock sizes than observed at our study sites.  We repeated each 

simulation 10,000 times.  We determined the 95% confidence interval for the population 

abundance estimate for each simulation using the simple percentile approach to 

constructing confidence limits (Appendix, Script 1; Manly 1997). 

Typically, the 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 
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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% to 90% chance of detecting a population trend is typically 

recommended (Gibbs and Melvin 1997, Thompson et al. 1998).  We used program 

TRENDS (Gerrodette 1987, Gerrodette 1991, Gerrodette 1993) and the relative 

variability from the computer simulations to examine power to detect a change of 10% to 

25% (α = 0.05) using the fixed-wing and helicopter survey techniques. 

Fixed-wing aircraft: We used the programming capabilities of MatLab® 6.5 to 

write a script (Appendix, Script 2) 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 to 200 m by 25-m increments), and vegetative cover type data 

(open, brushland, and woodland).  We constrained 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. 

To obtain predicted detection probabilities for the simulated data, we allowed the 

script to model average (Burnham and Anderson 2002) the predictions from the logistic 

regression models (Table 3.1) for flock detectability.  We randomly selected a percentage 

of simulated data points weighted by detection probability.  We based the percentage of 
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the simulated flocks selected on the mean detection probability of the simulated data.  To 

obtain predicted individual detection probability within a flock, we allowed the script to 

model average the predictions from the linear regression models (Table 3.2) for 

individual detection within a flock.  We predicted the percent of individuals detected 

within a flock and adjusted each detected flock to reflect the uncertainty in individual 

detection within a detected flock.  We estimated total population size (τ) using a modified 

Horvitz-Thompson estimator (Thompson 2002), 

∑
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where m is the total number of flocks detected, yi is the number of turkeys detected in 

flock i, hi is the probability of detection of an individual 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 individual and flock detection. 

Helicopter: We used the programming capabilities of MatLab® 6.5 to write a 

script (Appendix, Script 3) that randomly simulated flock size (based on distribution of 

observed flock sizes or distribution skewed to smaller sizes) 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 the detection of 
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flocks, we randomly selected a detection probability 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 

(τ) was estimated using a Horvitz-Thompson estimator (Thompson 2002): 

∑
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where m is the total number of flocks detected, yi is the number of turkeys detected in 

flock i, and gi is the probability of detection for flock i.  We used the observed probability 

of detection (gi) from our helicopter surveys.  The script also incorporated flock counting 

errors based on the distribution of observer confidence recorded during our surveys. 

 

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.  We 

monitored 16 wild turkey flocks with radio-tagged individuals within the survey area.  

Survey crews detected 8 of them (50.0 + 25.3%, 95% CI).  We pre-positioned 271 

inflatable turkey decoy flocks and survey crews detected 99 of them (36.5 + 5.7%).  

Distances from the transect to detected and undetected decoy flocks were similar (mean 

difference = 2.8 + 10.9 m; t = 0.502, df = 269, P = 0.616).  Detected decoy flock sizes 

were similar to undetected decoy flock sizes (mean difference = 3.1 + 3.2; t = 1.905, df = 

269, P = 0.058).  Detection rates were similar among vegetative cover types (woodland = 
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26.7 + 12.9%; brushland = 41.6 + 9.6%; open = 36.0 + 8.4%; χ2 = 3.016, df = 2, 

P = 0.221). 

We used logistic regression and AICc to examine candidate models for flock 

detectability (Table 3.1).  We evaluated goodness of fit of the most parameterized model 

(χ2 = 10.361, df = 8, P = 0.241).  The combined AICc weight of the top 3 logistic 

regression models was 0.740.  The top 3 models (Table 3.1) suggested that flock size and 

vegetative cover type play an important role in flock detectability but the third-best 

model (wi = 0.156) suggested that detection was constant (36.5 + 5.7%).  Also, AICc 

weights suggested distance to a flock from the transect likely had little influence on 

detection rates; the 4 models that included distance had a combined AICc weight of 0.167 

(Table 3.1).   

The percent of individuals counted per detected decoy flock was similar among 

vegetative cover types (woodland = 79.9 + 14.7%; brushland = 80.7 + 7.6%; open = 82.3 

+ 12.4%; F = 0.038, df = 2, 96, P = 0.963).  Also, the percent of individuals counted per 

detected decoy flock was similar among distance categories (50 to 75 m = 90.4 + 22.6%; 

75 to 100 m = 81.3 + 10.0%; 100 to 125 m = 86.0 + 25.3%; 125 to 150 m = 78.7 + 9.2%; 

150 to 175 m = 80.5 + 11.6%; 175 to 200 m = 69.3 + 12.7%; F = 0.604, df = 5, 93, 

P = 0.697).  However, we found a negative correlation (r = –0.298, n = 99, P = 0.003) 

between the size of the decoy flocks and the percent of individuals counted per detected 

decoy flock.  Overall, the size of the detected decoy flocks was underestimated by about 

29.7 + 5.3%. 
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We used linear regression and AICc to examine candidate models for predicting 

the percent of individuals counted per detected decoy flock (Table 3.2).  The model with 

the most AICc weight (wi = 0.875) suggested detection of individuals within a flock was 

influenced by flock size (Table 3.2).  Also, the evidence (combined AICc weight of 

0.125) suggested distance from a flock to the transect and vegetative cover type had little 

influence on detection of individuals within a flock (Table 3.2). 

 

Helicopter surveys 

 We surveyed 6 survey blocks using a R44 helicopter during March 2006.  We 

surveyed about 100 km2 and observed 42 wild turkey flocks.  Our survey blocks 

contained 19 wild turkey flocks with radio-tagged individuals; our survey crews observed 

18 of them.  Thus, the overall flock detection rate was 74.0% < 94.7% < 99.9% (95% CI).  

We collected ground-based counts of flocks that contained radio-tagged individuals 

within 4 hours of helicopter surveys.  However, most flocks contained different radio-

tagged individuals between the ground-based and helicopter surveys.  Only 7 flocks 

contained the same radio-tagged individuals during both surveys.  Of those 7 flocks, we 

found 3 counts differed enough to suggest flock size had changed during the period 

between the 2 surveys.  In only 4 cases were the radio-tagged individuals the same and 

flock counts similar between the 2 surveys.  Thus, we were only able to assess 

detectability of individuals within flocks using the count confidence categories.  

Observers suggested their counts were probably underestimates in all cases and were 
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95% to 100% confident in 67% of their counts from the helicopter, 80% to 95% confident 

in 27% of their counts, and 60% to 80% confident in 6% of their counts. 

 

Computer simulations 

Distributions of flock sizes: We obtained 1,066 counts of wild turkey flocks 

during winter (December–March), 2003 through 2006.  Those counts suggested that flock 

sizes ranged between 1 to 300, although most (90.2%) ranged between 1 to 50 and flock 

size was approximately lognormally distributed with μ = 2.74 and σ = 0.94 (Figure 3.1).  

We used that distribution in simulations to evaluate the performance of the techniques 

with a flock size distribution similar to our study populations.  We used the lognormal 

distribution with μ = 2.00 and σ = 0.94 in simulations to evaluate the performance of the 

techniques with a flock size distribution skewed toward smaller flock sizes than observed 

at our study sites (Figure 3.1). 

Fixed-wing aircraft: Simulations suggested that the fixed-wing aerial survey 

technique would underestimate population abundance by about 10% to 15% (Table 3.3).  

The best population abundance estimate resulted from simulations that were based on the 

vegetative cover type distribution found at our study sites and a flock size distribution 

skewed toward smaller flock sizes (Table 3.3), whereas the worst population abundance 

estimates resulted from simulations that were based on increased woodland cover and a 

flock size distribution skewed toward larger flock sizes (Table 3.3).  However, the 

relative variability (CV in Table 3.3) of the population abundance estimates was similar 

among the simulations.  Also, the relative variability of the population abundance 
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estimates decreased as simulated population size increased.  Using the relative variability 

from the simulations of population abundance of 50,000 and program TRENDS, the 

power to detect a 10% to 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% to 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 to detect a 25% 

change in 4 years, power was >0.91. 

Helicopter: Simulations suggested that the helicopter survey technique would 

underestimate population abundance by about 5.6% (Table 3.4).  The relative variability 

(CV in Table 3.4) of the population abundance estimates was similar between simulations 

based on the 2 different flock size distributions.  Also, the relative variability was similar 

among the simulated population abundances (Table 3.4).  Using the relative variability 

observed in the simulations and program TRENDS, the power to detect a 10% linear 

trend in the rate of change in 5 years was >0.99 and to detect a 25% change in 4 years, 

power was >0.99. 

 

Survey costs 

Fixed-wing aircraft: The rental of a Cessna 172 airplane or comparable aircraft 

with a competent pilot costs about $135 (U.S.) per hour.  Flying at 142 km/hour using 

400-m wide transects, rental costs about $2.38/km2 surveyed.  We observed about 18.1 

wild turkey flocks/100 km2 during fixed-wing aerial surveys and our simulations 

suggested detection of >167 flocks of wild turkeys was necessary to obtain a relative 
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variance of 4.7% (Table 3.3).  Thus, a fixed-wing aerial survey must cover >923 km2 at a 

cost of $2,197 (U.S.; not including the cost of turkey decoys) plus 17 hours of personnel 

time.  However, if wild turkey flocks were observed at a rate of 9.0 flocks/100 km2, a 

fixed-wing aerial survey would have to cover >1,846 km2 at a cost of $4,393 (U.S.; not 

including the cost of turkey decoys) plus 34 hours of personnel time.  The Texas Rolling 

Plains ecoregion is about 107,000 km2.  Thus, a fixed-wing aerial survey that covers 1% 

to 2% of the ecoregion per year for 4 to 5 years will 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% to 25%. 

Helicopter: The rental of a R44 helicopter or comparable aircraft with a 

competent pilot costs about $475 (U.S.) per hour.  Flying at 90 km/hour using 400-m 

wide transects, rental costs about $13.19/km2 surveyed.  We observed about 42.0 wild 

turkey flocks/100 km2 during helicopter surveys and our simulations suggested detection 

of >441 flocks of wild turkeys was necessary to obtain a relative variance of 4.7% (Table 

3.4).  Thus, a helicopter survey must cover >1,050 km2 at a cost of $13,850 (U.S.) plus 

30 hours of personnel time.  However, if wild turkey flocks were observed at a rate of 

21.0 flocks/100 km2, a helicopter survey would have to cover >2,100 km2 at a cost of 

$27,699 (U.S.) plus 59 hours of personnel time.  Thus, surveys from helicopters can cost 

as much as 6 times that of surveys from fixed-wing aircraft with little gain in precision or 

power, but about 7.0% less bias. 
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Discussion 

Smith et al. (1995) used waterfowl decoys to assess factors affecting detection 

rates during aerial surveys of waterfowl.  However, they were unable to asses the 

similarity of decoys to wild flocks of waterfowl.  During the fixed-wing aerial surveys, 

we observed a decoy flock detection rate of 36.5 + 5.7% (n = 271), which was similar to 

the detection rate of 50.0 + 25.3% (n = 16) for wild turkey flocks containing radio-tagged 

individuals.  Though power was limited, this suggested using inflatable turkey decoys 

was an appropriate technique for simulating wild turkey flocks to develop detectability 

models for aerial surveys from fixed-wing aircraft.  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 recommend further comparisons of 

wild turkey and decoy flock detection rates. 

 Previous studies have found many factors can affect detection rates.  Biological 

factors such as the activity of animals (Gasaway et al. 1985, McCorquadale 2001), sex 

composition of groups (Bodie et al. 1995), and flock size (Samuel et al. 1987, Smith et al. 

1995, Eberhardt et al. 1998) have been suggested as influential on detection rates.  

Environmental factors such as percent canopy cover (Samuel et al. 1987, Otten et al. 

1993, Anderson et al. 1998, Cogan and Diefenbach 1998, McCorquadale 2001), light 

intensity or weather (Bodie et al. 1995, Anderson et al. 1998), distance (Buckland et al. 

2001), and slope (McCorquadale 2001) also have been suggested.  Factors built into the 

survey such as observer experience, height flown above ground level, speed flown, and 

transect width may be influential as well (Caughley 1974, Otten et al. 1993, Smith et al. 
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1995).  However, we decided to focus on perpendicular distance from a flock to the 

transect, vegetative cover type, and flock size.  Our results revealed that vegetative cover 

and flock size were influential but distance from a flock to the transect (within 200 m) 

had little effect on detection rates from fixed-wing aircraft.  The minor importance of 

distance in the detection of flocks likely resulted from the narrow width (400 m) of the 

survey strip.  Also, evidence suggested that a constant detection rate (36.5 + 5.7%) was 

likely. 

We found that estimates of population abundance may be biased by about –10% 

to –15%.  Such bias occurred because of the model averaged estimates of the number of 

individuals in detected flocks was increasingly underestimated as flock size increased (r 

= –0.974, P < 0.001).  This bias tended to be less for simulated populations with smaller 

flock sizes (Table 3.3) because flock size estimates were more accurate for small flocks.  

Flock size was influential in predicting the percent 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 inflatable turkey decoys to 

further refine detectability models, evaluate other potential factors affecting detectability, 

and evaluate the applicability of the technique in other ecoregions. 

Relative variability (CV in Table 3.3) of population abundance estimates from 

fixed-wing aircraft was low for large populations and increased as population size 

decreased (e.g., as sample size decreased).  Our simulations suggested that the fixed-wing 

aerial survey technique is adequate in areas of little (4%) or greater (30%) woodland 

cover and for populations with relatively small (mean = 7.4) or large (mean = 15.5) flock 
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sizes (Table 3.3).  The fixed-wing aerial survey technique can provide sufficient power 

(>0.80) to detect a population change of 10% to 25% over a 4- to 5-year period. 

One other study evaluated detection rates for wild turkeys from helicopters 

(Kubisiak et al. 1997).  In an eastern wild turkey (M. g. silvestris) population, Kubisiak et 

al. (1997) observed a flock detection rate of 84.1% and a detection rate of 80.0% for 

individuals within flocks.  Their surveys were conducted in Wisconsin in an area with 

39% woodland cover and snow cover.  Our study sites were occupied by 4% woodland 

cover (Brunjes 2005) and our surveys were conducted without snow cover.  We observed 

a wild turkey flock detection rate of 74.0% < 94.7% < 99.9%, which was similar to the 

estimate of Kubisiak et al. (1997).  High flock detection rates during helicopter surveys 

occurred because of the flush response exhibited by wild turkeys.  Also, 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. 

We were unable to assess the detectability of individuals within flocks because 

flock size and composition changed during the short period of time (<4 hours) between 

ground-based and helicopter surveys.  But, we did use a subjective confidence 

classification system that suggested minimal counting errors.  However, the development 

of innovative techniques may be needed to further evaluate potential errors in estimating 

flock size.  Decoys have been successfully used in other aerial surveys (e.g., Smith et al. 

1995) 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.  We 
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also recommend the continued use of wild turkey flocks containing radio-tagged 

individuals to evaluate potential factors affecting flock and individual detectability and 

the applicability of the technique in other ecoregions. 

Our simulations of helicopter surveys suggested population abundance estimates 

may be biased by about –5.6% and relative variability (CV in Table 3.4) of population 

abundance estimates was low (4.6%).  Our simulations suggested the helicopter survey 

technique would have similar results in populations with relatively small flocks and 

performs well in areas with no snow.  Helicopter surveys can provide sufficient power 

(>0.80) to detect a population change of 10% to 25% over a 4- to 5-year period. 

 

Management implications 

Little research has assessed methods of estimating abundance, density, and trends 

for wild turkey populations.  However, aerial survey techniques provide rapid coverage 

of large areas and access to sites inaccessible from the ground.  We have provided an 

evaluation and comparison of 2 aerial survey techniques.  We have shown, when 

considering costs, precision, and bias, that fixed-wing aerial surveys are more feasible 

than the helicopter surveys.  Fixed-wing aerial surveys provide sufficient power (>0.80) 

to detect trends (10% to 25% change) in Rio Grande wild turkey populations.  Also, the 

fixed-wing aerial survey technique could likely be incorporated into the similar 

midwinter waterfowl survey (Wildlife Management Institute 2005) usually conducted in 

January by TPWD in conjunction with the U.S. Fish and Wildlife Service.  Their surveys 

are conducted on 400-m wide transects at a speed of about 144 km/hour from about 45 m 
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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% to 

25%) in Rio Grande wild turkey populations over a 4- to 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. 
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Table 3.1.  Candidate flock detectability models for fixed-wing aerial surveys of Rio 
 
Grande wild turkeys in the Texas Rolling Plains, January through March 2005.  For each 
 
logistic regression model, –2*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 (Δi), AICc weight (wi), and percent accuracy are given (n = 271). 
________________________________________________________________________ 
Modela –2LL K AICc Δi wi accuracyb

________________________________________________________________________ 
 
FLOCK 352.171 2 356.216 0.000 0.343 63.5% 
 
VEG + 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 + FLOCK 344.736 7 359.162 2.946 0.079 62.7% 
 
DIST + FLOCK + VEG 341.553 9 360.243 4.027 0.046 66.8% 
 
DIST 348.919 6 361.237 5.022 0.028 63.5% 
 
DIST + VEG 346.093 8 362.642 6.427 0.014 64.6% 
________________________________________________________________________ 
   a  CONSTANT = constant detection rate independent of flock size, vegetative cover 
 
type, and distance, FLOCK = flock size, VEG = vegetative cover types, and DIST = 
 
distance categories. 
 
   b  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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Table 3.2.  Candidate models for detection of individuals within flocks during fixed-wing 
 
aerial surveys of Rio Grande wild turkeys in Texas Rolling Plains, January through 
 
March 2005.  For each linear regression model, –2*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 (Δi), AICc weight (wi), and the coefficient of 
 
determination (R2) are given (n = 99). 
________________________________________________________________________ 
Modela –2LLb K AICc Δi wi R2

________________________________________________________________________ 
 
FLOCK –231.221 3 –224.969   0.000 0.875 0.089 
 
VEG + FLOCK –231.248 5 –220.603   4.365 0.099 0.089 
 
DIST + FLOCK –234.222 8 –216.622   8.346 0.013 0.116 
 
CONSTANT –219.579 2 –215.454   9.514 0.008  – 
 
VEG –222.121 4 –213.696 11.273 0.003 0.001 
 
DIST + FLOCK + VEG –234.251 10 –211.751 13.217 0.001 0.116 
 
DIST –225.204 7 –209.973 14.995 0.000 0.031 
 
DIST + VEG –225.269 9 –205.246 19.722 0.000 0.032 
________________________________________________________________________ 
   a  CONSTANT = constant detection rate independent of flock size, vegetative cover 
 
type, and distance, FLOCK = flock size, VEG = vegetative cover types, and DIST = 
 
distance categories. 
 
   b  The –2*log-likelihood was calculated using the residual sum of squares of the fitted 
 
linear models and the estimator suggested by Burnham and Anderson (2002: 12).
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Table 3.3.  Estimates of simulated Rio Grande wild turkey populations of various abundances used to evaluate the potential 
 
performance of the fixed-wing aerial survey detectability models using various flock size distributions and vegetative cover 
 
type distributions. 
______________________________________________________________________________________________________ 
 Vegetative Cover Types Flock Sizea Estimated 95% CI 
_______________________ __________ ___________________________ 
 Open Brush Woodland μ σ Lower Mean 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% 
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 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% 
______________________________________________________________________________________________________ 

 



Table 3.3.  Continued. 
______________________________________________________________________________________________________ 
 Vegetative Cover Types Flock Sizea Estimated 95% CI 
_______________________ __________ ___________________________ 
 Open Brush Woodland μ σ Lower Mean Upper nb Bias CV 
______________________________________________________________________________________________________ 
 
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% 

60

______________________________________________________________________________________________________ 
   a  Simulated flock size data based on lognormal distributions. 
 
   b  Mean number of simulated flocks detected. 
 
 
 
 
 
 
 
 
 
 
 

 



Table 3.4.  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: 
 
 2.74 0.94   8,350   9,435   9,911    411 –5.7% 4.7% 
 
 2.00 0.94   8,416   9,470   9,946    813 –5.3% 4.7% 
 
Simulated population size of 25,000: 
 
 2.74 0.94 21,032 23,599 24,730 1,101 –5.6% 4.6% 
 
 2.00 0.94 21,171 23,693 24,825 2,035 –5.2% 4.6% 
 
Simulated population size of 50,000: 
 
 2.74 0.94 42,274 47,218 49,414 2,204 –5.6% 4.5% 
 
 2.00 0.94 42,458 47,394 49,605 4,069 –5.2% 4.6% 
________________________________________________________________________ 
   a  Simulated flock size data based on lognormal distributions. 
 
   b  Mean number of simulated flocks detected. 
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Figure 3.1.  The distribution of Rio Grande wild turkey flock sizes observed during 
 
opportunistic surveys in the Texas Rolling Plains during winter (December–March, 
 
2003–2006), the probability distribution function (PDF) of the lognormal distribution 
 
with μ = 2.74 and σ = 0.94, and the PDF of the lognormal distribution with μ = 2.00 and 
 
σ = 0.94. 
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CHAPTER IV 

UTILITY OF POULT-HEN COUNTS TO INDEX 

PRODUCTIVITY OF RIO GRANDE WILD 

TURKEYS 

 

Abstract 

Many states use poult-hen counts to index wild turkey (Meleagris gallopavo) 

population parameters such as reproduction, recruitment, and density.  Texas Parks and 

Wildlife Department (TPWD) personnel have conducted poult-hen counts of Rio Grande 

wild turkeys (M. g. intermedia) since 1978.  In 2000, we began estimating recruitment 

and reproductive parameters at 3 study sites in the Texas Panhandle and 1 site in 

southwestern Kansas.  During 2000–2004, we estimated reproductive parameters by 

intensively monitoring 374 radio-tagged wild turkey hens.  From annual January–March 

trapping efforts during 2000–2005, we used the percent of all captured wild turkeys that 

were juveniles (percent juveniles captured) to index recruitment for 1999–2004.  We used 

the TPWD poult-hen count data from 1999–2004 to estimate poults/hen for counties that 

contained our study sites.  In 2002, we began conducting our own poult-hen counts at the 

study sites in order to estimate poults/hen at a localized scale.  Nesting success rate, mean 

number of eggs laid per hen, mean number of eggs hatched per hen, percent of juvenile 

females captured, and percent of juveniles captured were correlated (r2 > 0.349, 9 < n < 

10, P < 0.05) to our poults/hen estimates.  However, none of the reproductive or 

recruitment parameters were correlated to TPWD poults/hen estimates (r2 < 0.143, 13 < n 
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< 16, P > 0.10).  Our analyses suggested poult-hen counts could index reproduction and 

recruitment at localized scales.  However, on an ecoregion scale, TPWD poults/hen 

estimates were unable to index reproduction or recruitment (r2 < 0.299, 5 < n < 6, P > 

0.15).  The inability of the TPWD poults/hen estimates to index reproduction or 

recruitment at local or ecoregion scales may have resulted from small sample sizes used 

to calculate TPWD estimates and uneven and inadequate coverage of samples across the 

ecoregion.  If TPWD poults/hen estimates are to be valuable indices at local or ecoregion 

scales, larger and evenly distributed samples from standardized and randomized surveys 

must be obtained. 

 

Introduction 

Poult-hen counts have been used to index population densities, reproduction, and 

recruitment of upland game birds such as eastern wild turkey (Meleagris gallopavo 

silvestris; Bartush et al. 1985), Rio Grande wild turkey (M. g. intermedia; DeArment 

1959, Schwertner et al. 2003), Merriam’s wild turkey (M. g. merriami; Hoffman 1962, 

Shaw 1973), ring-necked pheasant (Phasianus colchicus; Riley and Riley 1999), and gray 

partridge (Pardix pardix; Suchy et al. 1991).  Wild turkey poult-hen counts have been 

used by many state natural resource agencies (Kurzejeski and Vangilder 1992) and many 

researchers have examined aspects of poult-hen counts.  For example, the effects of 

environmental conditions and time of day on poult-hen counts were examined for 

pheasants (McClure 1945, Kozicky 1952, Klonglan 1955) and wild turkeys (Shaw 1973, 

Bartush et al. 1985).  The power to detect trends in poult-hen counts was examined for 
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pheasants (Rice 2003) and wild turkeys (Schultz and McDowell 1957, Schwertner et al. 

2003).  In addition, the relationship between harvest and poult-hen counts was examined 

for wild turkeys (Kennamer et al. 1975, Wunz and Shope 1980, Wunz and Ross 1990) 

and pheasants (Rice 2003).  Many of these studies reported a positive relationship 

between poults/hen estimates and wild turkey harvest in the fall (e.g., Menzel 1975, 

Wunz and Shope 1980).  These relationships were used to infer that poults/hen is a valid 

index of recruitment and density even though there is limited information regarding such 

a relationship. 

In Texas, Texas Parks and Wildlife Department (TPWD) personnel have been 

conducting poult-hen counts as an index of recruitment in Rio Grande wild turkey 

populations since 1978 (TPWD, unpublished data).  However, the validity of poults/hen 

estimates as an index of population parameters was questioned by Caughley (1974).  The 

assumption was that poult-hen counts were a surrogate for population abundance or 

density (e.g., Bartush et al. 1985, Roberts and Porter 1996, Healy and Powell 1999).  

However, no studies examined the validity of using poult-hen count data to index 

recruitment, reproduction, or density though some conducted power analyses for trend 

detection (e.g., Schultz and McDowell 1957, Schwertner et al. 2003).  Thus, our objective 

was to evaluate poult-hen counts as an index of reproduction and recruitment.  

Specifically, we were interested in determining if a positive linear relationship between 

poults/hen estimates and measures of reproduction and recruitment existed at local and 

ecoregion scales. 
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Study Area 

 The ecoregion-scale study area was a 29-county area located in the Texas 

Panhandle (hereafter, referred to as the Panhandle Rolling Plains ecoregion) (Figure 4.1).  

The local-scale research was conducted at 3 study sites in the Texas Panhandle and 1 site 

in southwestern Kansas (Figure 3.1).  The Texas Panhandle study sites were centered on 

(1) the Matador Wildlife Management Area (MWMA), located in northwestern Cottle 

County along the confluence of the Middle and South Pease rivers; (2) the Gene Howe 

Wildlife Management Area (GHWMA), located in northern Hemphill County along the 

Canadian River; and (3) private ranches surrounding the Salt Fork of the Red River 

(SFRR), located in western Collingsworth and eastern Donley counties.  The 

southwestern Kansas study site was centered on the Cimarron National Grasslands 

(CNG) in southwestern Stevens and southern Morton counties, Kansas, and southeastern 

Baca County, Colorado, along the Cimarron River. 

Little information was available concerning wild turkey population densities at 

the study sites or across the ecoregion though it was suspected that wild turkey 

populations were stable or increasing (Brunjes 2005).  Also, we selected the study sites 

because they represented the range of environmental and anthropogenic influences in the 

ecoregion.  Wild turkey populations at our study sites were primarily tied to roosting 

habitat associated with riparian communities.  Study sites were primarily dominated by 

agriculture (2–21%), brushland (6–40%), grassland (35–89%), and riparian and upland 

trees (2–4%) (Brunjes 2005).  Detailed descriptions of the vegetative communities of the 

study sites are available in Spears et al. (2002), Hall (2005), Huffman (2005), and Butler 
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et al. (2005).  Primary land uses at the study sites were cattle ranching interspersed with 

center-pivot agriculture and oil and gas development. 

 

Methods 

Though logistic constraints and other problems often limited sampling, the 

following sampling protocols were designed to set numerical goals for observers.  The 

TPWD poult-hen survey protocol was an opportunistic sampling scheme which 

encouraged TPWD personnel to record (during their daily activities) >25 observations of 

wild turkey hens for each 2-week period from 01 July–15 August of each year (e.g., 

Schwertner et al. 2003).  Because of concerns regarding inadequate sample sizes (number 

of flocks observed) in the TPWD counts (Schwertner et al. 2003), we began conducting 

poult-hen counts (hereafter, referred to as TTU counts) in 2002 at our study sites.  The 

TTU survey protocol also was an opportunistic sampling scheme which encouraged TTU 

personnel to record (during their daily activities) >30 observations of wild turkey flocks 

for each 2-week period from 01 July–15 August of each year.  Primarily, each protocol 

differed in sampling goals; the TPWD protocol focused on hens but the TTU protocol 

focused on flocks.  Flocks, the sample units, were independent groups of wild turkeys; a 

flock could be 1 or more wild turkeys.  Regardless of survey protocol, the sampling units 

were wild turkey flocks and observers recorded the sex, age, and number of wild turkeys 

seen in each flock.  However, because the TPWD protocol was focused on hens, 1 flock 

of 25 hens would fulfill the TPWD protocol but would be only 1 sample in the TTU 

protocol. 
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We used both the TTU and TPWD poult-hen counts to calculate poults/hen 

estimates for each year (TTU 2002–2004; TPWD 1999–2004).  We used the TPWD 

poult-hen count data from counties that contained our study sites to estimate the annual 

TPWD poults/hen estimates for each of our study sites.  No TPWD data was available for 

the CNG.  We also used TPWD poult-hen count data from the Panhandle Rolling Plains 

ecoregion to calculate TPWD poults/hen estimates for the ecoregion. 

As part of a larger study (e.g., Spears 2002, Holdstock 2003, Phillips 2004, Hall 

2005, Huffman 2005), we captured Rio Grande wild turkeys using drop-nets (Glazener et 

al. 1964), rocket nets (Bailey et al. 1980), and walk-in-traps (Davis 1994).  We attached a 

95-g backpack-style radio-transmitter with an 8-hour mortality switch (Model #A1155, 

Advanced Telemetry Systems, Isanti, Minnesota, USA) to Rio Grande wild turkeys using 

6-mm nylon over-braid rubber harness cord using the methods of Holdstock (2003) and 

Phillips (2004).  We considered wild turkeys <1 year of age as juveniles; we determined 

age based on characteristics of the ninth and tenth primaries and rectrice length (Petrides 

1942).  From annual January–March trapping efforts during 2000–2005, we used the 

percent of all captured wild turkeys that were juveniles (percent juveniles captured) to 

index recruitment for 1999–2004.  Specifically, we used the percent of juvenile female, 

juvenile male, and all juvenile wild turkeys captured as indices of recruitment at each 

study site. 

During 2000–2004, we estimated reproductive parameters by monitoring 374 

radio-tagged wild turkey hens; we monitored 19.7 + 1.5 hens (mean + SE) at each study 

site per year (ranged from 9 to 33 hens at each study site per year).  All radio-tagged hens 
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were located via triangulation or visual observation >2 times per week during the nesting 

period to determine the onset of nesting and incubation by activation and deactivation of 

mortality signals and continuous location at a specific point (e.g., Miller et al. 1998, 

Keegan and Crawford 1999).  Once we suspected incubation, we determined nest 

locations by close proximity (within 50 m) triangulation of the hens (Spears 2002, 

Huffman 2005).  Fourteen days after the beginning of incubation, we approached nests, 

and counted and floated eggs in order to estimate hatch date (Westerskov 1950).  Though 

concerns about observer induced abandonment exist, only 6.6% of nests were abandoned 

and in many of those cases the hen was accidentally flushed early (Huffman 2005).  After 

hatching, we examined the nests and made visual observations of the hens in order to 

estimate the number of eggs hatched.  We considered nests successful if >1 poult per 

clutch hatched.  We determined annual success rate by calculating the percentage of 

successful hens at each study site. 

We conducted analyses at 2 scales: local (study site) and ecoregion (Figure 4.1).  

At the local scale, we compared the TTU and TPWD poults/hen estimates using a paired 

t-test (Zar 1999).  In order to validate poult-hen counts as indices of recruitment and 

reproduction, we conducted one-tailed correlation analyses.  We used Pearson’s 

correlation coefficient (Zar 1999) to determine the linear relationship between the TPWD 

and TTU poults/hen estimates.  We also calculated correlation coefficients between each 

poults/hen estimate and nesting success rate, mean number of eggs laid per hen, mean 

number of eggs hatched per hen, percent juvenile females captured, percent juvenile 

males captured, and percent juveniles captured.  We used data from CNG for the 

 69



 

correlation analyses between all of the above measures except the TPWD poults/hen 

estimates.  At the ecoregion scale, we pooled data for the Texas study sites for each year 

and we combined TPWD poult-hen count data for the Panhandle Rolling Plains 

ecoregion (Figure 4.1) in order to conduct correlation analyses.  We considered 

correlations significant when P < 0.05 and r2 > 0.30. 

 

Results 

At the local (study site) scale, the TPWD poults/hen estimates were 2.5 + 0.7 

poults/hen larger than the TTU poults/hen estimates (t = 3.557, df = 6, P = 0.012).  In 

addition, a linear relationship was not evident between the TTU and TWPD poults/hen 

estimates (r2 = 0.064, n = 7, P = 0.292).  Among study sites and years, the TPWD 

poults/hen estimate ranged from 1.3–7.3 poults/hen (Table 4.1) and the TTU poults/hen 

estimate ranged from 0.2–2.7 poults/hen (Table 4.2).  Variation existed among study sites 

and years for nesting success rate (14.3–55.6%; Table 4.3), mean number of eggs laid per 

hen (5.2–11.1; Table 4.4), mean number of eggs hatched per hen (0.7–4.8; Table 4.5), 

percent juvenile females captured (0.0–73.1%; Table 4.6), percent juvenile males 

captured (8.3–89.5%; Table 4.7), and percent juveniles captured (3.1–71.6%; Table 4.8). 

However, at the Panhandle Rolling Plains ecoregion scale, there was reduced 

variation among years.  The TPWD poults/hen estimates for the ecoregion ranged from 

2.3–4.7 poults/hen (Table 4.1).  For the reproductive measures, nesting success rate 

ranged from 27.7–43.4% (Table 4.3), mean number of eggs laid per hen ranged from 8.6–

9.5 (Table 4.4), and mean number of eggs hatched per hen ranged from 2.1–3.7 (Table 
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4.5).  For the recruitment indices, percent juvenile females captured ranged from 23.0–

55.9% (Table 4.6), percent juvenile males captured ranged from 17.9–66.3% (Table 4.7), 

and percent juveniles captured ranged from 38.3–60.1% (Table 4.8). 

At the local scale, nesting success rate, mean number of eggs laid per hen, mean 

number of eggs hatched per hen, the percent of juvenile females captured, and the percent 

of juveniles captured were correlated (r2 > 0.349, 9 < n < 10, P < 0.05) to the TTU 

poults/hen estimates (Figure 4.2).  However, none of the reproductive or recruitment 

parameters were correlated with the TPWD poults/hen estimates (r2 < 0.143, 13 < n < 16, 

P > 0.10; Figure 4.3).  On the ecoregion scale, we observed no linear relationship 

between the TPWD poults/hen estimates and the reproduction or recruitment parameters 

(r2 < 0.299, 5 < n < 6, P > 0.15; Figure 4.4). 

 

Discussion 

These analyses suggested poults/hen estimates indexed reproduction and 

recruitment at localized scales, such as our study sites, but the efforts of TPWD were not 

adequate at local or ecoregion scales.  Though the TTU and TPWD survey protocols 

were similar in most aspects except effort, the difference between the poults/hen 

estimates and the lack of concordance between them reveals how effort can influence the 

poults/hen index.  Inadequate sample size was a problem for the TPWD poults/hen 

estimate.  For the local scale, sample size averaged 6.8 + 2.2 (mean + SE) flocks per 

study site per year.  On the ecoregion scale, sample size averaged 30.8 + 7.3 flocks per 

year.  Thus, more effort must be applied if the TPWD poults/hen estimate is to be 
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valuable at local or ecoregion scales.  For example, the TTU sample size averaged 46.7 + 

5.9 flocks per study site per year.  Also, the results of Schwertner et al. (2003) suggested 

conducting >200 poult-hen counts per ecoregion per year was necessary to detect (80% 

power) an inter-annual change of 10–20%. 

Additionally, uneven and inadequate coverage of samples across the Panhandle 

Rolling Plains ecoregion may have contributed to the inability of the TPWD poults/hen 

estimates to predict reproduction or recruitment on our study sites or the ecoregion.  

During the period of study, TPWD personnel conducted 1.1 + 0.3 poult-hen counts in 

each county of the ecoregion per year.  Typically, TPWD personnel conducted poult-hen 

counts in 8.3 + 1.1 counties of the Panhandle Rolling Plains ecoregion and in only 3 of 

those counties were poult-hen counts conducted every year.  The uneven distribution and 

inconsistencies in the TPWD poult-hen counting effort may have contributed to the lack 

of concordance with reproduction and recruitment. 

The TTU poults/hen estimate exhibited a linear relationship with many measures 

of reproduction and recruitment at the local scale.  This indicated poult-hen counts can be 

used as a surrogate for reproduction and recruitment at local scales.  However, only about 

35–45% of the variation in measures of reproduction was explained by the poults/hen 

estimates (Figure 4.2).  The ability to explain this amount of variation in reproduction is 

important in wild turkey populations that are influenced by many ecological forces.  

However, from a management perspective, this may lack value as an informational tool.  

Though measures of recruitment were indices, about 52–62% of variation in the 

recruitment indices was explained by poults/hen estimates (Figure 4.2).  This could be 
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valuable information for wildlife managers.  However, without density estimates, an 

index of recruitment may be of little value to managers (e.g., McDonald 1964).  Also, 

Caughley (1974) suggested age-ratio trends can appear identical for 2 populations, one 

irrupting and the other crashing. 

Thus, we suggest establishment of survey routes with a strict survey protocol that 

provides for randomization and controls effort.  Though randomization and wild turkey 

behavioral issues may arise in road surveys (e.g., Butler et al. 2005), our data suggested 

sample sizes greater than those collected previously by TPWD can be obtained from 

surveying at least 400 km of roads in wild turkey habitat.  This would transform the 

TPWD poult-hen count into an estimator of the adult population while providing 

reproduction and recruitment information, the valuable components of population 

dynamics necessary in species management. 

Application at ecoregion scales may continue to be elusive because of potential 

asynchronous productivity and recruitment between local wild turkey populations (T. W. 

Schwertner, Upland Game Bird Specialist, TPWD, personal communication).  As our 

results suggested, pooling across the large, Panhandle Rolling Plains ecoregion will result 

in a loss of the local variation associated with asynchronous productivity and recruitment 

across the ecoregion (Tables 3.3–3.8).  This potential asynchrony may require state 

natural resource agencies to evaluate trends at smaller scales.  Moreover, if sample sizes 

are improved, efforts distributed evenly, and survey techniques standardized and 

randomized, then the TPWD poult-hen count may prove valuable. 
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Table 4.1.  The TPWD poults/hen estimatesa for Rio Grande wild turkeys in the Texas 
 
Panhandle, 1999–2004.  Sample sizes denoted in parentheses. 
________________________________________________________________________ 
 Year 
 ____________________________________________________________ 
Study Siteb 1999 2000 2001 2002 2003 2004 
________________________________________________________________________ 
 
GHWMAc 3.3 (  4) - 5.7 (14) 2.5 (   8) 2.6 (  7) - 
 
SFRRc 7.3 (  3) 3.0 (  2) 1.3 (  2) 6.5 (  2) 5.3 (  3) 1.4 (  6) 
 
MWMAc 4.6 (  3) 3.2 (  1) 5.2 (  8) 5.0 (  5) 1.8 (38) 4.3 (  3) 
 
Ecoregiond 3.3 (22) 3.1 (  8) 4.7 (31) 3.4 (27) 2.3 (62) 3.0 (35) 
________________________________________________________________________ 
 
  aThe TPWD poults/hen estimates were derived from opportunistic observations made by 
 
TPWD personnel (see Schwertner et al. 2003). 
 
  bResearch was conducted at the Gene Howe Wildlife Management Area (GHWMA), 
 
private ranches surrounding the Salt Fork of the Red River (SFRR), and Matador Wildlife 
 
Management Area (MWMA). 
 
  cThe TPWD poults/hen estimates for the study sites were derived from poult-hen counts 
 
conducted by TPWD personnel in counties that contained our study sites. 
 
  dPooled TPWD data from the 29-county, Texas Panhandle Rolling Plains ecoregion 
 
were used in the broad-scale ecoregion analyses. 
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Table 4.2.  The TTU poults/hen estimatesa for Rio Grande wild turkeys in the Texas 
 
Panhandle and southwestern Kansas, 2002–2004.  Sample sizes denoted in parentheses. 
________________________________________________________________________ 
 Year 
 _______________________________________________________ 
Study Siteb 2002 2003 2004 
________________________________________________________________________ 
 
CNG - 1.4 (56) 0.3 (65) 
 
GHWMA - 0.9 (53) 0.7 (56) 
 
SFRR 2.7 (35) 1.7 (57) 1.5 (68) 
 
MWMA 0.2 (  8) 1.4 (29) 0.7 (40) 
________________________________________________________________________ 
 
  aThe TTU poults/hen estimates were derived from opportunistic observations made by 
 
TTU personnel. 
 
  bResearch was conducted in southwestern Kansas at the Cimarron National Grasslands 
 
(CNG) and in the Texas Panhandle at the Gene Howe Wildlife Management Area 
 
(GHWMA), private ranches surrounding the Salt Fork of the Red River (SFRR), and 
 
Matador Wildlife Management Area (MWMA).

 81



 

Table 4.3.  Rio Grande wild turkey nesting success ratea in the Texas Panhandle and 
 
southwestern Kansas, 2000–2004.  Sample sizes denoted in parentheses. 
________________________________________________________________________ 
 Year 
 _______________________________________________________ 
Study Siteb 2000 2001 2002 2003 2004 
________________________________________________________________________ 
 
CNG 43.8 (16) 40.6 (32) - 35.3 (17) 27.8 (18) 
 
GHWMA 39.1 (23) 27.3 (33) 26.3 (19) 46.2 (13) 14.3 (21) 
 
SFRR 55.6 (  9) 27.3 (22) 41.4 (29) 50.0 (12) 50.0 (14) 
 
MWMA 42.9 (21) 33.3 (21) 15.0 (20) 31.8 (22) 25.0 (12) 
 
Ecoregionc 43.4 (53) 28.9 (76) 29.4 (68) 40.4 (47) 27.7 (47) 
________________________________________________________________________ 
 
  aNests were considered successful if >1 poult per clutch hatched.  We determined 
 
annual success rate by calculating the percentage of successful hens at each study site. 
 
  bResearch was conducted in southwestern Kansas at the Cimarron National Grasslands 
 
(CNG) and in the Texas Panhandle at the Gene Howe Wildlife Management Area 
 
(GHWMA), private ranches surrounding the Salt Fork of the Red River (SFRR), and 
 
Matador Wildlife Management Area (MWMA). 
 
  cData from the Texas Panhandle study sites were pooled and used in the broad-scale, 
 
Texas Panhandle Rolling Plains ecoregion analyses. 
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Table 4.4.  Mean number of eggs laid per hen for Rio Grande wild turkeys in the Texas 
 
Panhandle and southwestern Kansas, 2000–2004.  Sample sizes denoted in parentheses. 
________________________________________________________________________ 
 Year 
 _______________________________________________________ 
Study Sitea 2000 2001 2002 2003 2004 
________________________________________________________________________ 
 
CNG   7.7 (11)   7.9 (32)   - 10.1 (17)   9.0 (18) 
 
GHWMA   9.3 (23) 10.3 (32)   9.0 (19)   8.3 (12) 10.0 (21) 
 
SFRR   8.4 (  8)   8.5 (22) 11.1 (25) 10.3 (12)   7.9 (13) 
 
MWMA 10.5 (21)   9.5 (20)   5.2 (20)   8.1 (22)   9.3 (10) 
 
Ecoregionb   9.5 (52)   9.5 (74)   8.6 (64)   8.7 (49)   9.2 (44) 
________________________________________________________________________ 
 
  aResearch was conducted in southwestern Kansas at the Cimarron National Grasslands 
 
(CNG) and in the Texas Panhandle at the Gene Howe Wildlife Management Area 
 
(GHWMA), private ranches surrounding the Salt Fork of the Red River (SFRR), and 
 
Matador Wildlife Management Area (MWMA). 
 
  bData from the Texas Panhandle study sites were pooled and used in the broad-scale, 
 
Texas Panhandle Rolling Plains ecoregion analyses.
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Table 4.5.  Mean number of eggs hatched per hen for Rio Grande wild turkeys in the 
 
Texas Panhandle and southwestern Kansas, 2000–2004.  Sample sizes denoted in 
 
parentheses. 
________________________________________________________________________ 
 Year 
 _______________________________________________________ 
Study Sitea 2000 2001 2002 2003 2004 
________________________________________________________________________ 
 
CNG 1.3 (11) 3.7 (32) - 3.2 (17) 2.3 (18) 
 
GHWMA 3.0 (23) 2.4 (32) 2.1 (19) 4.3 (12) 1.3 (21) 
 
SFRR 4.4 (  7) 2.3 (22) 3.3 (25) 4.8 (12) 3.7 (14) 
 
MWMA 3.5 (20) 3.4 (20) 0.7 (20) 2.9 (22) 1.9 (10) 
 
Ecoregionb 3.4 (50) 2.6 (74) 2.1 (64) 3.7 (46) 2.2 (45) 
________________________________________________________________________ 
 
  aResearch was conducted in southwestern Kansas at the Cimarron National Grasslands 
 
(CNG) and in the Texas Panhandle at the Gene Howe Wildlife Management Area 
 
(WMA), private ranches surrounding the Salt Fork of the Red River (SFRR), and 
 
Matador Wildlife Management Area (MWMA). 
 
  bData from the Texas Panhandle study sites were pooled and used in the broad-scale, 
 
Texas Panhandle Rolling Plains ecoregion analyses.

 84



 

Table 4.6.  Percent juvenile femalea Rio Grande wild turkeys captured during 
 
annual January–March trapping efforts in the Texas Panhandle and southwestern 
 
Kansas, 1999–2004.  Sample sizes denoted in parentheses. 
________________________________________________________________________ 
 Year 
 _____________________________________________________________ 
Study Siteb 1999 2000 2001 2002 2003 2004 
________________________________________________________________________ 
 
CNG 11.3 (  53) 19.4 (  36)   -   0.0 (  20) 51.2 (  82)   - 
 
GHWMA 21.3 (  61) 45.3 (  53) 48.6 (  37) 71.7 (  46) 25.6 (  43)   5.2 (  7) 
 
SFRR 54.4 (  68) 50.6 (  87) 29.6 (  81) 73.1 (  26) 41.3 (  75) 30.3 (37) 
 
MWMA 32.4 (  68) 37.7 (  53) 47.4 (  57) 30.4 (  46) 50.0 (  38) 34.1 (46) 
 
Ecoregionc 40.6 (250) 45.6 (229) 39.4 (175) 55.9 (138) 39.1 (238) 23.0 (90) 
________________________________________________________________________ 
 
  aWe used the percent of juvenile females captured during annual January–March 
 
trapping efforts to index annual female recruitment at each study site. 
 
  bResearch was conducted in southwestern Kansas at the Cimarron National Grasslands 
 
(CNG) and in the Texas Panhandle at the Gene Howe Wildlife Management Area 
 
(GHWMA), private ranches surrounding the Salt Fork of the Red River, and 
 
Matador Wildlife Management Area (MWMA). 
 
  cData from the Texas Panhandle study sites were pooled and used in the broad-scale, 
 
Texas Panhandle Rolling Plains ecoregion analyses.
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Table 4.7.  Percent juvenile malea Rio Grande wild turkeys captured during annual 
 
January–March trapping efforts in the Texas Panhandle and southwestern Kansas, 1999– 
 
2004.  Sample sizes denoted in parentheses. 
________________________________________________________________________ 
 Year 
 __________________________________________________________ 
Study Siteb 1999 2000 2001 2002 2003 2004 
________________________________________________________________________ 
 
CNG 36.4 (  44) 75.0 (    4)   -   8.3 (12) 59.3 (27)   - 
 
GHWMA 45.3 (  24) 58.3 (  36) 31.6 (19) 71.4 (21) 37.5 (24) 13.3 (18) 
 
SFRR 41.9 (  31) 55.3 (  38) 29.6 (27) 67.9 (28) 66.7 (30) 27.9 (34) 
 
MWMA 70.0 (  50) 48.6 (  35) 42.2 (45) 61.3 (31) 89.5 (19) 13.3 (18) 
 
Ecoregionc 50.4 (113) 54.1 (109) 36.3 (91) 66.3 (80) 63.0 (73) 17.9 (70) 
________________________________________________________________________ 
 
  aWe used the percent of juvenile males captured during annual January–March trapping 
 
efforts to index annual male recruitment at each study site. 
 
  bResearch was conducted in southwestern Kansas at the Cimarron National Grasslands 
 
(CNG) and in the Texas Panhandle at the Gene Howe Wildlife Management Area 
 
(GHWMA), private ranches surrounding the Salt Fork of the Red River (SFRR), and 
 
Matador Wildlife Management Area (MWMA). 
 
  cData from the Texas Panhandle study sites were pooled and used in the broad-scale, 
 
Texas Panhandle Rolling Plains ecoregion analyses.
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Table 4.8.  Percent juvenilea Rio Grande wild turkeys captured during annual January– 
 
March trapping efforts in the Texas Panhandle and southwestern Kansas, 1999–2004. 
 
Sample sizes denoted in parentheses. 
________________________________________________________________________ 
 Year 
 _____________________________________________________________ 
Study Siteb 1999 2000 2001 2002 2003 2004 
________________________________________________________________________ 
 
CNG 22.7 (  97) 25.0 (  40)   -   3.1 (  32) 53.2 (109)   - 
 
GHWMA 23.7 (  85) 50.6 (  89) 42.9 (  56) 71.6 (  67)  29.9 (  67) 18.5 (  25) 
 
SFRR 51.9 (  99) 52.0 (125) 29.6 (108) 70.4 (  54) 48.6 (105) 58.2 (  71) 
 
MWMA 48.3 (118) 42.0 (  88) 45.1 (102) 42.9 (  77)  63.2 (  57) 47.4 (  64) 
 
Ecoregionc 43.6 (399) 48.7 (342) 38.3 (266) 60.1 (230) 46.7 (338) 40.8 (160) 
________________________________________________________________________ 
 
  aWe used the percent of juveniles captured during annual January–March trapping 
 
efforts to index annual recruitment at each study site. 
 
  bResearch was conducted in southwestern Kansas at the Cimarron National Grasslands 
 
(CNG) and in the Texas Panhandle at the Gene Howe Wildlife Management Area 
 
(GHWMA), private ranches surrounding the Salt Fork of the Red River (SFRR), and 
 
Matador Wildlife Management Area (MWMA). 
 
  cData from the Texas Panhandle study sites were pooled and used in the broad-scale, 
 
Texas Panhandle Rolling Plains ecoregion analyses. 
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Figure 4.1.  Locations of the Rio Grande wild turkey study sites used in local-scale 
 
correlation analyses (from north to south: Cimarron National Grasslands [CNG], Gene 
 
Howe Wildlife Management Area [GHWMA], private ranches surrounding the Salt Fork 
 
of the Red River [SFRR], and Matador Wildlife Management Area [MWMA]) and the 
 
boundary of the 29-county, Texas Panhandle Rolling Plains ecoregion used in the broad- 
 
scale ecoregion analyses. 
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Figure 4.2.  Local scale, linear relationships among the TTU poults/hen estimates for Rio 
 
Grande wild turkeys and measures of reproduction and recruitment in the Texas 
 
Panhandle and southwestern Kansas, 2002–2004.  Each point represents 1 year at 1 study 
 
site. 
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Figure 4.3.  Local scale, linear relationships among the TPWD poults/hen estimates for 
 
Rio Grande wild turkeys and measures of reproduction and recruitment in the Texas 
 
Panhandle, 1999–2004.  Each point represents 1 year at 1 study site. 
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Figure 4.4.  Ecoregion scale, linear relationships among the TPWD poults/hen estimates 
 
for Rio Grande wild turkeys and measures of reproduction and recruitment in the Texas 
 
Panhandle Rolling Plains ecoregion, 1999–2004.  Each point represents data pooled 
 
across the Texas Panhandle Rolling Plains ecoregion for 1 year. 
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CHAPTER V 

THE RELATIONSHIP OF RIO GRANDE WILD 

TURKEY DISTRIBUTIONS TO ROADS 

 

Introduction 

Distance sampling from roads is a common population estimation technique used 

for many wildlife species (Brennan and Block 1986, DeYoung and Priebe 1987, Borralho 

et al. 1996, Dahlheim et al. 2000).  A critical assumption of the distance sampling 

technique is that the distribution of animals is not influenced by the transect, but this 

assumption may be violated if the transect is a road (Burnham et al. 1980, Buckland et al. 

2001, Williams et al. 2001).  Attraction of target animals to the transect will result in 

inflated population estimates and withdrawal from the transect will bias the estimates low 

(Verner 1985, Thompson et al. 1998, Buckland et al. 2001). 

 Many authors have suggested line transects should not be positioned along 

roadways unless individuals are randomly distributed across the landscape (Burnham et 

al. 1980, Buckland et al. 2001, Williams et al. 2001).  Male Rio Grande wild turkeys 

(Meleagris gallopavo intermedia) likely use roads as display sites in south Texas; thus, 

population surveys using roads should be conducted outside of the breeding season to 

reduce the probability of wild turkeys being attracted to roads (DeYoung and Priebe 

1987).  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 (McDougal 

et al. 1990).  In Arizona, male Merriam’s wild turkeys (M. g. merriami) used areas <200 
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m from roads less than expected (Rogers et al. 1999).  However, none of those studies 

examined the relationship of roads to wild turkey distributions during specific seasons 

and time periods.  Our objectives were to quantify the association of male and female Rio 

Grande wild turkeys to roads according to season and time of day, and examine the 

potential biases of using roads as transects for distance sampling.  We conducted this 

research in order to help develop appropriate protocols for distance sampling of Rio 

Grande wild turkeys from roads. 

 

Study Area 

Research was conducted at 3 study sites in Texas and 1 site in Kansas.  Texas 

study sites were centered on the Matador Wildlife Management Area (WMA) (352.4 

km2) located northwest of Paducah in Cottle County along the confluence of the Middle 

and South Pease rivers, the Gene Howe WMA (347.5 km2) located northeast of Canadian 

in Hemphill County along the Canadian River, and private ranches surrounding the Salt 

Fork of the Red River (721.7 km2) located north of Hedley in eastern Donley and western 

Collingsworth counties.  The Kansas study site was centered on the Cimarron National 

Grasslands (264.5 km2) north of Elkhart in Morton and Stevens counties, Kansas, and 

Baca County, Colorado along the Cimarron River.  The riparian areas of the 4 study sites 

were dominated by cottonwood (Populus deltoides), western soapberry (Sapindus 

drummondi), hackberry (Celtis occidentalis), netleaf hackberry (C. reticulate), sugarberry 

(C. laevigata), honey locust (Gleditsia triacanthos), black locust (Robinia 

pseudo-acacia), elms (Ulmus spp.), tamarisk (Tamarix chinensis), sand plum (Prunus 
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angustifolia), and Russian olive (Eleagnus angustifolia) (Spears 2002, Spears et al. 2002, 

Holdstock 2003).  The upland 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.) rangelands.  Primary land uses 

at the study sites were cattle ranching interspersed with center-pivot agriculture and oil 

and gas development.  Road density averaged 12.1 + 0.4 m/ha (mean + SE).  More 

detailed descriptions of the study sites were provided by Spears (2002), Spears et al. 

(2002), Holdstock (2003), and Phillips (2004). 

 

Methods 

As part of a larger study (e.g., Spears 2002, Barnett 2003, Holdstock 2003, 

Phillips 2004), 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 

approximately 75 wild turkeys at each study site/year with an 8-hour mortality switch, 

95-g, backpack-style radio-transmitter (Model #A1155, Advanced Telemetry Systems, 

Isanti, Minnesota, USA) and triangulated locations 1 to 3 times/week from January 2000 

through December 2003 using the techniques of Holdstock (2003) and Phillips (2004).  

We triangulated locations using a null-peak receiver system (Advanced Telemetry 

Systems, Isanti, Minnesota, USA) and a vehicle-mounted (Balkenbush and Hallett 1988, 

Samuel and Fuller 1994) dual 4-element yagi antenna (Hutton Communications, Inc., 

Dallas, Texas, USA).  Telemetry locations for individual wild turkeys were separated by 

>1 day.  The observation period was divided into seasons (winter = 01 December through 
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28 February, spring = 01 March through 31 May, summer = 01 June through 31 August, 

and autumn = 01 September through 30 November) and time of day (AM = first third of 

day light hours, midday = middle third of day light hours, and PM = last third of day light 

hours).  Telemetry locations with error polygons >1 km² were removed prior to analyses. 

Distances from roads to telemetry locations were measured with the Nearest 

Neighbor 3.5 extension for ArcView® 3.2 GIS (Weigel 2004).  Dense vegetation at our 

study sites made detection unlikely for wild turkeys >100 m from roads.  Thus, we 

measured the percent availability of area <100 m and >100 m from roads at each study 

site with a buffer tool in ArcView® GIS 3.2.  We used χ² goodness-of-fit tests (Conover 

1999) to determine whether wild turkeys used road buffers in proportion to availability.  

If a difference was found between the distributions of use and availability, we used 

Goodman's simultaneous confidence intervals for multinomial proportions (Goodman’s 

confidence intervals) with a continuity correction factor of 0.5 to determine if the 

distance intervals were used more, less, or in proportion to availability (Goodman 1965, 

Cherry 1996). 

 

Results 

We obtained 16,766 locations of Rio Grande wild turkeys (female = 11,214, male 

= 5,552).  We located wild turkeys 2,234 times during autumn, 6,093 in spring, 6,885 in 

summer, and 1,554 in winter.  Telemetry location error polygons averaged 0.179 + 0.002 

km2 (mean + SE).  Distance of wild turkey locations from roads averaged 280.1 + 1.7 m.  

Across the study sites, 22.4 + 0.5% of the available area was within 100 m of roads; 77.6 
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+ 0.5% of the available area was >100 m of roads.  Thus, we used 22.4% to reflect the 

availability of the area within 100 m of roads for all study sites. 

Female Rio Grande wild turkeys used the area within 100 m of roads in 

proportion to availability during autumn midday, spring midday and PM, and winter AM 

and midday (Table 5.1).  Male use did not differ from availability during autumn AM, 

midday, and PM, spring AM, summer AM, and winter AM and PM (Table 5.1).  The area 

<100 m from roads was used in proportion to availability by both sexes during 2 season 

and time of day combinations: autumn midday and winter AM. 

 

Discussion 

Our results suggest distance sampling from roads during autumn midday and 

winter AM would result in unbiased estimates of Rio Grande wild turkeys.  However, 

other time periods might result in biased estimates.  For example, expect an inflated 

population estimate from distance sampling along roads for both male and female wild 

turkeys during the summer midday period because wild turkeys of both sexes used areas 

<100 m of roads more than expected (Table 5.1).  Also, expect an under estimate during 

those seasons and time periods in which turkeys use areas within 100 m less than their 

availability (e.g., females during spring AM) (Table 5.1).  Thus, autumn midday and 

winter AM are probably the best times in the Texas Panhandle and southwestern Kansas 

to conduct distance sampling from roads based on wild turkey distributional patterns.  

However, other factors such as flocking behavior and visual obstruction need further 

consideration because they may influence distance sampling as well.  Future research 
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should also focus on the degree of bias resulting from the distributional patterns of Rio 

Grande wild turkeys around roads in particular seasons and time periods. 
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Table 5.1.  Rio Grande wild turkey use of areas within 100 m of roads by season, time of 
 
day, and sex in the Texas Panhandle and southwestern Kansas, 2000–2003. 
________________________________________________________________________ 

   Goodman’s confidence 
  interval (<100 m)a

  ____________________ 
        lower %  upper 
Season Time Sex nb χ² df P bound observed bound   usec

________________________________________________________________________ 
Autumn AM F   350 15.431 1 <0.001 25.76 31.14 36.78  + 
 
   M   292   0.037 1   0.847 16.84 21.92 27.61  o 
 
  Midday F   515   2.095 1   0.148 20.93 25.05 29.45  o 
 
   M   340   0.800 1   0.371 19.45 24.41 29.83  o 
 
  PM F   428 18.578 1 <0.001 26.19 31.07 36.16  + 
 
   M   309   0.148 1   0.701 18.22 23.30 28.92  o 
 
Spring  AM F 1216   8.858 1   0.003 16.41 18.83 21.43  - 
 
   M   464   0.297 1   0.586 17.29 21.34 25.78  o 
 
  Midday F 1848   0.774 1   0.379 19.45 21.54 23.73  o 
 
   M   645   5.840 1   0.016 22.59 26.36 30.34  + 
 
  PM F 1370   0.579 1   0.447 19.12 21.53 24.09  o 
 
   M   550   8.288 1   0.004 13.88 17.27 21.08  - 
 
Summer AM F 1336 15.440 1 <0.001 24.21 26.87 29.63  + 
 
   M   726   0.330 1   0.566 19.89 23.28 26.90  o 
 
  Midday F 1630 13.156 1 <0.001 23.74 26.13 28.61  + 
 
   M   897 17.456 1 <0.001 24.91 28.21 31.63  + 
________________________________________________________________________ 
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Table 5.1. Continued. 
________________________________________________________________________ 

   Goodman’s confidence 
  interval (<100 m)a

  ____________________ 
        lower %  upper 
Season Time Sex nb χ² df P bound observed bound   usec

________________________________________________________________________ 
 
  PM F 1458 33.811 1 <0.001 26.12 28.74 31.43  + 
 
   M   838   7.648 1   0.006 23.05 26.37 29.86  + 
 
Winter  AM F   296   0.765 1   0.382 15.40 20.27 25.80  o 
 
   M   137   3.931 1   0.047   9.38 15.33 23.03  o 
 
  Midday F   393   0.365 1   0.546 16.77 21.12 25.95  o 
 
   M   190 12.678 1 <0.001 25.78 33.16 40.89  + 
 
  PM F   374   9.057 1   0.003 23.81 28.88 34.24  + 
 
   M   164   4.465 1   0.035 21.74 29.27 37.43  o 
________________________________________________________________________ 
  a Goodman’s simultaneous confidence intervals for multinomial proportions were used 
 
to compare use of areas <100 m from roads to availability.  The area <100 m from roads 
 
was used in proportion to availability if the Goodman’s interval included 22.4% (percent 
 
availability of the area <100 m from roads) (Goodman 1965, Cherry 1996). 
 
  b Total number of Rio Grande wild turkey locations. 
 
  c Symbols indicate areas <100 m from roads were used more (+), less (-), or in 
 
proportion to availability (o). 
 

 102



CHAPTER VI 

UTILITY OF LINE TRANSECT-BASED DISTANCE 

SAMPLING FROM ROADS APPLIED TO 

ESTIMATION OF RIO GRANDE WILD 

TURKEY DENSITY IN THE TEXAS 

ROLLING PLAINS 

 

Abstract 

Line transect-based distance sampling has been used to estimate population 

density for 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) populations to evaluate line transect-based 

distance sampling from roads during autumn and winter.  We developed 4 a priori 

logistic regression models to evaluate flock detectability and 4 a priori linear regression 

models to evaluate individual detectability within detected flocks.  We used the second-

order Akaike’s information criterion (AICc) for model selection.  We used Program 

Distance 5.0 to model the detection functions of the decoy survey data to evaluate density 

estimates and probability of detection for inflatable turkey decoy surveys from roads.  We 

also conducted surveys from roads for wild turkeys and used Program Distance 5.0 to 

model detection functions to estimate the probability of detection 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 linear trends in 

 103



population change.  During winter and autumn, our modeling effort suggested that 

distance to a flock and flock size play important roles in flock detectability and the 

detection of individuals within a flock.  During decoy surveys, the true density of 

inflatable turkey decoys was known (winter, 570.7 decoys/km2; autumn, 377.0 

decoys/km2).  We used the linear regression models to correct flock size.  Using the 

corrected flock sizes and the key function + series expansion modeling approach in 

Program Distance 5.0, we estimated a density of 432.0 + 167.8 decoys/km2 in winter and 

417.5 + 116.0 decoys/km2 in autumn.  The detection probability of decoy flocks was 

similar to wild turkey flocks during winter (decoy flock, 67.0 + 13.0%; wild turkey flock, 

62.2 + 18.3%) and autumn (decoy flock, 47.8 + 10.2%; wild turkey flock, 44.7 + 25.6%), 

which suggested that using inflatable turkey decoys was appropriate for evaluating line 

transect-based distance sampling.  Our computer simulations suggested that population 

density estimates may be biased by about –24% during winter and by about –37% during 

autumn.  The negative bias (underestimation) probably occurred because of incomplete 

detection of individuals within detected flocks and the occasional undetected flock near 

the transect.  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% to 25% change in population density in 5 to 7 years when the 

number of flock detections was large (>418).  However, 7 to 11 years were necessary 

when flock detections were few (approximately 105).  To obtain this level of precision 

and power, managers must survey 800 to 3,200 km of road transects every year costing 

about $94 to $375 (U.S.) plus 50 to 200 hours of personnel time per year. 
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Introduction 

Line transect-based distance sampling is a common technique used to estimate the 

density of many wildlife populations (Brennan and Block 1986, DeYoung and Priebe 

1987, Borralho et al. 1996, Dahlheim et al. 2000).  Many researchers, working on a 

variety of species, have suggested line transect density estimators are more reliable than 

other techniques (Ratti et al. 1983, Hanowski et al. 1990, Borralho et al. 1996, 

Rosenstock et al. 2002, Ruette et al. 2003).  However, many research endeavors were 

unable to rigorously assess accuracy and precision of line transect-based distance 

sampling. 

A few studies have evaluated line transect-based distance sampling in populations 

of known size and density (Tilton et al. 1987, Bollinger et al. 1988, Kuvlesky et al. 1989, 

Southwell 1994, Anderson and Southwell 1995).  Anderson and Southwell (1995) used 

areas with known densities of eastern grey kangaroos (Macropus giganteus), red 

kangaroos (M. rufus), and red-necked wallabies (M. rufogriseus).  They found that line 

transect-based distance sampling underestimated macropod density by about 12%.  

Bollinger et al. (1988) used intensive netting, color marking, and observation to establish 

a known population of bobolink (Dolichonyx oryzivorus).  They found that line transect-

based distance sampling overestimated male bobolink density by about 51%, 

underestimated female bobolink density by about 3%, and overestimated total bobolink 

density by about 48%. 

 Several researchers have used field simulations to evaluate line transect density 

estimation techniques (Robinette et al. 1974, Hone 1988, Bergstedt and Anderson 1990, 
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Otto and Pollock 1990, Cassey and McArdle 1999, Pierce 2000, Anderson et al. 2001, 

Rivera-Milán et al. 2004).  Anderson et al. (2001) used styrofoam replicas of desert 

tortoises (Gopherus agassizii) to evaluate line transect-based distance sampling.  They 

found sub-adult desert tortoise replica density was underestimated by about 20%, adult 

desert tortoise replica density was underestimated by about 4%, and combined replica 

density was underestimated by about 12% by experienced observers.  However, 

inexperienced volunteers underestimated combined desert tortoise replica density by 

about 7%.  Bergstedt and Anderson (1990) evaluated the ability of an underwater video 

system and line transect sampling to estimate a known density of bricks on a lake bottom.  

They found that brick density was overestimated by about 6%.  Rivera-Milán et al. 

(2004) used a known density of chicken carcasses to evaluate line transect-based distance 

sampling.  They found that the density of chicken carcasses was overestimated by <1%.  

Pierce (2000) used simulated white-tailed deer (Odocoileus virginianus) to evaluate line 

transect-based distance sampling.  He found that population size was overestimated by 

about 16%.  However, all of the 95% confidence intervals contained the simulated 

abundance.  Though line transect-based distance sampling is often treated as a reliably 

accurate and precise density estimation technique, its performance varies among species 

and sampling designs. 

Few studies have assessed line transect-based distance sampling for estimating 

wild turkey (Meleagris gallopavo) population densities.  DeYoung and Priebe (1987) 

compared line transect-based distance sampling with mark-resight estimators for Rio 

Grande wild turkey (M. g. intermedia) population size in south Texas.  They 
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recommended line transect-based distance sampling be evaluated further for wild turkey 

populations, though standard errors associated with line transect density estimates were 

greater than those associated with mark-resight estimates.  They realized that mark-

resight estimators are expensive and often limited to small scales.  DeYoung and Priebe 

(1987) also suggested that male Rio Grande wild turkeys are likely to use roads as 

display areas and recommended that population surveys using roads be conducted outside 

of the breeding season to reduce the probability of wild turkeys being attracted to roads, 

which could cause positive bias in population density estimates.  Based on Rio Grande 

wild turkey distributional patterns obtained from radio-telemetry, Butler et al. (2005) 

found autumn midday and winter AM were probably the best times in the Texas Rolling 

Plains to conduct line transect-based distance sampling from roads. 

The objectives of our research were (1) to determine the affects of flock size and 

distance from a flock to the transect on detectability of wild turkey flocks and individuals 

within flocks during winter and autumn road surveys and (2) to evaluate the accuracy and 

precision obtainable for wild turkey population density estimates from line transect-based 

distance sampling from roads during winter and autumn.  Specifically, we hypothesized 

that flock detectability and detectability of individuals within a detected flock was a 

function of perpendicular distance from a flock to the transect and flock size.  We also 

expected density estimates from line transect-based distance sampling from roads to 

improve with greater transect lengths and transect numbers. 
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Study Area 

We conducted research at 3 study sites along the western edge of the Texas 

Rolling Plains.  The 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 surrounding the Salt 

Fork of the Red River (Salt Fork) located north of Hedley in eastern Donley and western 

Collingsworth counties. 

The vegetative cover at our study sites was about 30% open, 66% brushland, and 

4% woodland (Brunjes 2005).  Open vegetative cover types included agriculture, 

grasslands, sandsage (Artemisia filifolia), 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 

drummondi), hackberry (Celtis occidentalis), netleaf hackberry (C. reticulate), sugarberry 

(C. laevigata), honey locust (Gleditsia triacanthos), black locust (Robinia 

pseudo-acacia), elms (Ulmus spp.), tamarisk (Tamarix chinensis), sand plum (Prunus 

angustifolia), and Russian olive (Eleagnus angustifolia).  Windbreaks were dominated by 

elms, cottonwood, black locust, honey 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.).  Leaf fall usually occurred in late November (M. J. 

Butler, personal observation) and most wild turkey nesting activity concludes by late July 
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at our study sites (Hall 2005, Huffman 2005).  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/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), Hall (2005), Huffman et al. (2006), and Butler et al. 

(2006b). 

 

Methods 

Experimental design and field methods 

We used 400 Sceery® Inflatable Turkey Decoys (Sceery Outdoors, Ltd., Santa 

Fe, New Mexico, USA) to simulate wild turkey populations during 2003 through 2005.  

Inflatable turkey decoys cost about $8.75 (U.S.) each.  We placed flocks of decoys along 

survey roads at random distances (0 to 100 m) from road transects.  We allowed decoy 

flock size to randomly vary between 1 and 50.  We conducted field simulations in autumn 

(August through November) and winter (December through March) from a pickup truck 

and instructed the observers to focus most of their effort close to the transects.  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 to 32 km/hour.  Each survey was conducted 

by one observer.  We used a Bushnell® Yardage Pro Scout (Bushnell Performance 

Optics, Bausch & Lomb, Inc., Overland Park, Kansas, USA) or Nikon® Laser 600 

(Nikon, Inc., Tokyo, Japan) rangefinder and compass bearings to estimate perpendicular 
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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, 

Trimble Navigation, Ltd., Sunnyvale, California, USA) to record the actual survey roads 

and locations of all the pre-positioned turkey decoy flocks.  We corrected Universal 

Transverse Mercator (UTM) coordinates with GPS Pathfinder Office 2.70 (Trimble 

Navigation, Ltd., Sunnyvale, California, USA).  We used corrected UTM coordinates to 

measure minimum distance from the road to pre-positioned decoy flocks.  The density of 

decoys was 570.7 decoys/km2 during winter surveys and 377.0 decoys/km2 during 

autumn surveys. 

We also conducted line transect-based distance sampling from roads for wild 

turkeys during November 2004 through January 2006 to evaluate the similarity of 

detection probabilities between inflatable turkey decoy and wild turkey flocks.  We 

conducted surveys 2 to 3 times per month during clear weather from a pickup truck.  We 

drove transects at a speed of 16 to 32 km/hour.  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 

within 1 km of riparian vegetative communities because Rio Grande 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 surveyed roads 2 

to 3 times a month and truncated distance data beyond 100 m for comparison with decoy 

surveys. 
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Modeling detectability 

Modeling detectability was a 2-step process.  First, we evaluated whether 

detectability of decoy flocks was a function of perpendicular distance from the transect to 

the flock and flock size.  Second, we evaluated whether detectability of individuals 

within detected decoy flocks was a function of distance to the flock and flock size.  We 

used SPSS® 13.0 (SPSS Inc., Chicago, Illinois, USA) to analyze the data.  To evaluate 

the models, we used the second-order Akaike’s information criterion (AICc), which has 

an additional bias correction term, 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 the 

principle of parsimony, which is a trade-off between bias and variance (Burnham and 

Anderson 2001, Burnham and Anderson 2002). 

For flock detectability, we used logistic regression (Hosmer and Lemeshow 2000) 

and evaluated 4 a priori models (Table 6.1).  We used AICc weights to evaluate the 

relative importance of distance to a flock and flock size for flock detection.  We were not 

trying to create a “best” model.  For the logistic regression models, the response variable 

for flock detection 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).  For the detectability of individuals within a detected flock, we used 4 

a priori linear regression models (Table 6.2) and AICc weights to evaluate the relative 
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importance of distance to a flock and flock size.  For the linear regression models, the 

response variable for detection of individuals within a flock was the percent of 

individuals detected within a flock.  We used the logarithmic transformation on the 

response variable (Zar 1999) to avoid predictions <0.0.  The modeling effort for 

detectability of individuals was limited to detected decoy flocks. 

 We used Program Distance 5.0 (Thomas et al. 2005) to model the detection 

functions of the decoy survey data to evaluate the density estimate and the probability of 

detection of inflatable turkey decoy flocks from roads during winter and autumn.  We 

also used Program Distance 5.0 to model the detection functions of the wild turkey 

survey data to estimate the probability of detection of wild turkey flocks from roads.  We 

modeled the detection functions using the key function + series expansion approach 

(Buckland et al. 2001).  We used the uniform+ cosine, half-normal + cosine, and hazard-

rate + 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).  Also, we used size-biased regression of flock size against estimated detection 

probability to reduce bias associated with dependence between flock size and detection 

distance (Buckland et al. 2001, Thomas et al. 2005).  We used AICc weights to evaluate 

the relative importance of the various models.  We used model averaging (Burnham and 

Anderson 2002) to estimate the probability of detection and estimate decoy density with 

observed flock size and corrected flock size.  Corrected flock size was based on the linear 

regression models for individual detectability.  We compared detection probabilities from 

roads for decoys and wild turkey flocks. 
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Computer simulations 

We conducted computer simulations using the programming capabilities of 

MatLab® 6.5 (The MathWorks, Inc., Natick, Massachusetts, USA).  We wrote a script 

(Appendix, Script 4) 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 mean densities of 6, 12, and 24 wild turkeys/km2, though 

density was allowed to vary among transects.  We used transect lengths of 8, 16, 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 (December–March; Figure 1), 2003 through 2006 and autumn (August–

November; Figure 2), 2003 through 2005 (Butler et al. 2006b).  We constrained the 

number of flocks by the simulated total population size (abundance = survey area x 

density).  We randomly generated distances (0 to 100 m) from the transect to the flock 

based on a uniform distribution. 

The detection process was simulated as a 2-step process: detectability of flocks 

and detectability of individuals with detected flocks.  To obtain predicted flock detection 

probabilities for the simulated data, we allowed the script to model average (Burnham 

and Anderson 2002) predictions from the logistic regression models specific to season 

(Table 6.1).  We randomly selected a percentage of simulated flocks weighted by their 

detection probability.  The percentage of the simulated flocks selected was based on the 

mean detection probability from the simulated data.  To simulate the uncertainty in 

detection of individuals within a detected flock, we allowed the script to model average 
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predictions from the linear regression models specific to season (Table 6.2).  We used the 

model-averaged predictions (percent of individuals detected within a detected flock) to 

adjust flock size to estimate the number of simulated wild turkeys seen in each detected 

flock.  This allowed us to simulate counting errors in flock size.  To correct those 

simulated counting errors, we corrected the adjusted flock size using model-averaged 

predictions of the linear regression models specific to season 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 the detection of individuals and flocks. 

We repeated each simulation 1,000 times for each combination of season, flock 

size distribution, transect length, transect number, and population density.  We exported 

the detection data from MatLab 6.5.  We implemented the multiple covariate distance 

sampling (MCDS) engine (Appendix, Script 5), 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).  The MCDS engine includes the conventional distance 

sampling (CDS) engine.  The MCDS engine is limited to 4 detection models.  We used 

AICc to select among the uniform + cosine, half-normal + cosine, and hazard-rate + 

cosine models of the detection function.  We did not include other models in order to 

avoid model redundancy (Buckland et al. 1997, Burnham and Anderson 2002).  We also 

used size-biased regression of flock size against estimated detection probability to reduce 

bias associated with dependence between detected flock sizes and distances from the 

transect (Buckland et al. 2001).  We obtained the estimates of density for the iterations 
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from the MCDS engine and determined the 95% confidence interval for the population 

density estimate for each simulation using the simple percentile approach to constructing 

confidence limits (Appendix, Script 1; Manly 1997). 

Typically, the detection of a 25% change in density is desired for management 

objectives and a 10% change 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% to 90% chance of detecting a population trend is typically 

recommended (Gibbs and Melvin 1997, Thompson et al. 1998).  We used program 

TRENDS (Gerrodette 1987, Gerrodette 1991, Gerrodette 1993) and the relative 

variability from the computer simulations to examine power to detect a change of 10% to 

25% (α = 0.05) in Rio Grande wild turkey population density when using line transect-

based distance sampling from roads. 

 

Results 

Field simulations and surveys 

We conducted 16 surveys with 215 pre-positioned inflatable turkey decoy flocks 

during winter and 24 surveys with 370 pre-positioned decoy flocks during autumn.  We 

surveyed about 22 km and detected 149 (69.3 + 6.2%; mean + 95% CI) decoy flocks 

during winter.  During autumn, we surveyed about 45 km and detected 163 (44.1 + 5.1%) 
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decoy flocks.  Distance from the transect to detected and undetected decoy flocks were 

different during winter (mean difference = 13.0 + 4.2 m, 95% CI; t = 4.371, df = 213, 

P < 0.001) and during autumn (mean difference = 12.6 + 5.7 m; t = 6.046, df = 368, 

P < 0.001).  Detected decoy flock sizes were similar to undetected decoy flock sizes 

during winter (mean difference = 2.2 + 4.4; t = 1.480, df = 213, P = 0.140) but differed 

during autumn (mean difference = 7.7 + 2.3; t = 6.432, df = 368, P < 0.001).  Distance 

measured with rangefinders and compass bearings were similar to distances obtained 

from corrected UTM coordinates (1.77 + 3.18 m; t = 1.097, df = 279, P = 0.274). 

 We used logistic regression and AICc to examine candidate models for flock 

detectability (Table 6.1) and determine the relative importance of distance to a flock and 

flock size.  We evaluated the goodness of fit of the most parameterized models.  During 

winter, the most parameterized model fit well (χ2 = 11.356, df = 8, P = 0.182) but during 

autumn, the fit was poor (χ2 = 65.506, df = 8, P < 0.001).  During winter, the top 2 

logistic regression models held all the AICc weight (Table 6.1), suggesting that distance 

to a flock from the transect and flock size play an important role in flock detectability.  

The model with the most AICc weight (wi = 0.561) suggested that distance alone plays an 

important role in flock detection.  Also, AICc weights suggested that flock size alone had 

little influence on detection rates and that it was unlikely the detection rate was constant 

(69.3 + 6.2%; Table 6.1).  During autumn, one model (wi = 1.000) held all the AICc 

weight (Table 6.1), suggesting that distance to a flock from the transect and flock size 

combined play an important role in flock detection.  However, it was unlikely that the 
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detection rate was constant (44.1 + 5.1%) and distance or flock size alone were probably 

not influential in flock detection during autumn. 

During winter, we found a negative correlation for flock size (r = –0. 346, n = 

163, P < 0.001) and distance to a flock from the transect (r = –0. 317, n = 149, P < 0.001) 

with the percent of individuals counted per detected decoy flock.  Overall, the size of the 

detected decoy flocks was underestimated by about 15.3 + 3.4% during winter.  During 

autumn, we found a negative correlation between the size of the decoy flocks and the 

percent of individuals counted per detected decoy flock (r = –0.433, n = 163, P < 0.001).  

However, distance was not correlated with the percent of individuals counted per 

detected decoy flock (r = –0.128, n = 163, P = 0.102).  Overall, the size of the detected 

decoy flocks was underestimated by about 33.7 + 4.3% during autumn. 

We used linear regression and AICc to examine candidate models for the 

detection of individuals within detected decoy flocks (Table 6.2) and determine the 

relative importance of distance to a flock and flock size.  During winter and autumn, the 

models with all the AICc weight suggested that the percent of individuals counted per 

detected decoy flock was influenced by distance from a flock to the transect and flock 

size.  However, AICc weights (Table 6.2) suggested it was unlikely that the percent of 

individuals counted per detected decoy flock was constant (winter = 84.7 + 3.4%; autumn 

= 66.3 + 4.3%). 

Using Program Distance 5.0, we model averaged the estimated decoy density 

(Tables 6.3 and 6.4).  During the winter decoy surveys, the true decoy density was 570.7 

decoys/km2.  Using the observed decoy flock sizes, we estimated a decoy density of 
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371.9 + 165.2 decoys/km2 (Table 6.3).  We used the linear regression models and model 

averaging to correct estimates for actual flock size.  Using the corrected flock sizes, we 

estimated a decoy density of 432.0 + 167.8 decoys/km2 (Table 6.3).  During the autumn 

decoy surveys, the true decoy density was 377.0 decoys/km2 (Table 6.4).  Using the 

observed decoy flock sizes, we estimated a decoy density of 247.0 + 68.3 decoys/km2 

(Table 6.4).  Using the corrected flock sizes, we estimated a decoy density of 417.5 + 

116.0 decoys/km2.  Based on model averaged estimates obtained from Program Distance 

5.0, the detection probability of decoy flocks during winter was 67.0 + 13.0% (Table 6.3), 

but during autumn, it was 47.8 + 10.2% (Table 6.4). 

We surveyed 22 road transects for Rio Grande wild turkeys during November 

2004 through January 2006 about 2 to 3 times per month.  We observed 142 flocks of 

wild turkeys during winter (0.10 < 0.14 < 0.17 flocks/km; 95% CI) and 122 during 

autumn (0.12 < 0.16 < 0.20 flocks/km).  During winter, 83 flocks were <100 m from the 

road transect (0.06 < 0.08 < 0.10 flocks/km) and during autumn 91 were <100 m (0.08 < 

0.12 < 0.15 flocks/km).  We truncated distance data beyond 100 m so estimates were 

comparable to decoy surveys.  Based on model averaged estimates obtained from 

Program Distance 5.0, the detection probability of wild turkey flocks during winter was 

62.2 + 18.3% (Table 6.5) but during autumn, it was 44.7 + 25.6% (Table 6.6). 

 

Computer simulations 

We obtained 1,066 counts of wild turkey flocks during winter (December–

March), 2003 through 2006.  Those counts suggested that flock sizes ranged between 1 to 
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300, although most (90.2%) ranged between 1 to 50 and flock size was approximately 

lognormally distributed with μ = 2.74 and σ = 0.94 (Figure 6.1).  We used that 

distribution to generate simulated flock size data to evaluate the performance of line 

transect-based distance sampling during winter.  We obtained 596 counts of wild turkey 

flocks during autumn (August–November), 2003 through 2005.  Those counts suggested 

that flock sizes ranged between 1 to 90, although most (98.3%) ranged between 1 to 50 

and flock size was approximately lognormally distributed with μ = 2.22 and σ = 0.91 

(Figure 6.2).  We used that distribution to generate simulated flock size data to evaluate 

the performance of line transect-based distance sampling during autumn. 

Simulations suggested the number of flock detections necessary for relative 

variability to decrease below 50% was >50 in winter (Table 6.7) and autumn (Table 6.8).  

Relative variability tended to decrease with density, length of transects, and number of 

transects (CV in Tables 6.7 and 6.8).  Also, the relative variability tended to be less in 

winter surveys (CV in Table 6.7) than in autumn surveys (CV in Table 6.8).  During 

winter, the simulations suggested that bias tended to be –21.5% for populations 

containing 6 wild turkeys/km2 when surveyed with 100 32-km transects, –22.2% for 

populations containing 12 wild turkeys/km2, and –23.7% for populations containing 24 

wild turkeys/km2 (Table 6.7).  During autumn, the simulations suggested that bias tended 

to be –33.1% for populations containing 6 wild turkeys/km2 when surveyed with 100 32-

km transects, –36.6% for populations containing 12 wild turkeys/km2, and –36.6% for 

populations containing 24 wild turkeys/km2 (Table 6.8). 
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Using program TRENDS and the relative variability (CV in Tables 6.7 and 6.8) 

from the simulations, we evaluated the power to detect linear trends in the rate of 

population change.  Power improved as density, length of transects, and number of 

transects increased.  Also, power was greater during winter surveys than autumn surveys.  

During winter, power for a starting population density of 6 wild turkeys/km2 when 

surveyed with 100 32-km transects was >0.88 in 11 years for a 10% change and >0.90 in 

7 years for a 25% change.  But during autumn, power was >0.83 in 13 years for a 10% 

change and >0.84 in 8 years for a 25% change.  During winter, power for a starting 

population density of 12 wild turkeys/km2 when surveyed with 100 32-km transects was 

>0.89 in 9 years for a 10% change and was >0.93 in 6 years for a 25.0% change.  But it 

was >0.83 in 9 years for a 10% change and >0.88 in 6 years for a 25% change during 

autumn.  We also calculated power to detect linear trends for a starting population density 

of 24 wild turkeys/km2 when surveyed with 100 32-km transects.  During winter, it was 

>0.91 in 7 years for a 10% change and >0.96 in 5 years for a 25% change.  But during 

autumn power was >0.93 in 8 years for a 10% change and >0.88 in 5 years for a 25.0% 

change.  At a starting population density of 6 wild turkeys/km2, 400 32-km transects 

would have to be surveyed to obtain similar relative variability, number of detections, 

and power available from a survey of 100 32-km transects for a starting density of 24 

wild turkeys/km2. 
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Discussion 

We used inflatable turkey decoys to evaluate line transect-based distance 

sampling from roads for Rio Grande wild turkeys.  We compared detection probabilities 

between decoy flocks and wild turkey flocks.  During winter, the decoy flock detection 

probability (67.0 + 13.0%) was similar to wild turkey flock detection probability (62.2 + 

18.3%).  Detection probabilities were similar during autumn as well (decoy flock 

detection, 47.8 + 10.2%; wild turkey flock detection, 44.7 + 25.6%).  This suggested that 

using inflatable turkey decoys was an appropriate technique for simulating wild turkey 

flocks to evaluate line transect-based distance sampling.  Though Anderson et al. (2001) 

and Pierce (2000) used replicas of desert tortoises and white-tailed deer, respectively, to 

conduct field simulations of line transect-based distance sampling for wild terrestrial 

animals, neither evaluated the similarity of detection probabilities between their animal 

replicas and wild populations.  Additionally, movements in wild turkey flocks could 

reduce counting errors.  Therefore, we recommend further evaluation of the similarity of 

decoys and wild animals in field simulations. 

 Perpendicular distance and flock size tend to play primary roles in detection 

(Buckland et al. 2001).  We used inflatable turkey decoys and AICc weights to evaluate 

the relative importance of distance to a flock from the transect and flock size.  We found, 

during winter and autumn, both in combination were of primary importance to flock 

detection.  We also examined the role of distance to a flock from the transect and flock 

size in the detection of individuals within a flock.  We found, during winter and autumn, 
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that distance from a flock to the transect and flock size influenced the detection of 

individuals within a detected flock. 

 Our field simulations using decoys suggested without correcting for individual 

detection within detected flocks, line transect-based distance sampling will underestimate 

density during winter and autumn.  Correcting for individual detection still resulted in 

biased density estimates.  But the 95% CI of estimated decoy density contained the true 

decoy density during both winter and autumn.  The computer simulations suggested our 

best population density estimates may be biased by about –24% during winter (Table 6.7) 

and by about –37% during autumn (Table 6.8).  Such bias occurred because of the 

occasional undetected flock near the transect and because the model averaged estimates 

of the number of individuals in detected flocks was increasingly underestimated as flock 

size increased (winter, r = –0.930, P < 0.001; autumn, r = –0.942, P < 0.001). 

Our simulations suggested relative variability of population density estimates 

decrease below 50% when the number of detections were >50 in winter (Table 6.7) and 

autumn (Table 6.8).  Winter surveys tended to have less bias, lower relative variability, 

and greater power than autumn surveys.  During winter, power was sufficient (>0.80) to 

detect a 10% to 25% change in population density in 5 to 7 years when the number of 

flock detections were >418.  However, 7 to 11 years were needed when the number of 

flock detections was small (e.g., approximately 105). 

 There are several assumptions associated with line transect-based distance 

sampling (Burnham et al. 1980, Verner 1985, Thompson et al. 1998, Buckland et al. 

2001, Rosenstock et al. 2002).  Important assumptions include (1) all animals on or near 
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the line transect are observed, (2) animals are not frightened away or attracted to the line 

transect before being detected, (3) the distribution of animals is not influenced by the line 

transect, (4) distance measurements are accurate, and (5) sighting events are independent. 

With large samples sizes, Gates et al. (1985) suggested that distance 

measurements with relatively small random errors will still produce reliable population 

estimates.  Ransom and Pinchak (2003) found that laser rangefinders produced reliable 

distance measurement 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 replicas.  Our data 

also indicated minimal measurement error (1.77 + 3.18 m) from laser rangefinders. 

If animals on or near the line transect are missed then the population estimates 

will be biased low (Verner 1985, Thompson et al. 1998, Buckland et al. 2001).  This is 

probably less of a problem for more conspicuous animals such as wild turkeys but all 

attempts should be made to avoid this problem.  Movements towards or away from 

observers may bias density estimates as well.  This is difficult to avoid during any survey.  

During our surveys of wild turkeys, 65.3% < 83.3% < 94.4% of flocks during winter and 

59.0% < 67.5% < 76.1% of flocks during autumn were not moving when first detected. 

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).  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 
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along roads (Burnham et al. 1980, Buckland et al. 2001, Williams 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 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 AM.  Time 

periods in which avoidance-attraction behaviors are minimal probably exist but may vary 

among regions.  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). 

 

Management implications 

Little research has been conducted on line transect-based distance sampling for 

estimating wild turkey density.  Most researchers have dealt with small-scale mark-

recapture techniques (Gribben 1986, Lint et al. 1995, Weinstein et al. 1995, Cobb et al. 

2000) or used indices of abundance such as poult-hen counts, roost counts, or harvest 

surveys (Cook 1973; Shaw 1973; Palmer et al. 1990; Healy and Powell 1999; Butler et al. 

2006a, b).  DeYoung and Priebe (1987) compared line transect-based distance sampling 
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with mark-resight estimators for Rio Grande wild turkey populations in south Texas.  

Although they were unable to rigorously compare techniques with known populations, 

they realized the potential for the regional applicability of line transect-based distance 

sampling whereas other techniques may be limited to relatively small management units. 

 Our research suggested that line transect-based distance sampling in winter was 

better than in autumn and can be applied on regional scales.  Using 100 to 400 32-km 

road transects during winter (December through March) can provide sufficient power 

(>0.80) to detect a 10% to 25% change in population density in 5 to 7 years.  However, 

100 to 400 8-km transects during winter can provide sufficient power (>0.80) to detect a 

10% to 25% change in population density in 7 to 11 years.  This would require managers 

to survey 800 to 3,200 km of road transects every year.  Assuming a fuel economy of 6.4 

km/liter for the survey pickup and a cost of $0.75/liter (U.S.) for gasoline, the survey 

would cost about $94 to $375 (U.S.) plus 50 to 200 hours of personnel time.  Managers 

and researchers should continue using decoys to evaluate observer abilities and provide 

information on other factors affecting detectability such as vegetative cover.  Also, 

distributional patterns of wild turkeys around roads and responsive movements to 

observers should be further examined to evaluate potential violations of assumptions 

associated with line transect-based distance sampling (Hiby and Krishna 2001, Butler et 

al. 2005). 
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Table 6.1.  Candidate flock detectability models for road surveys of inflatable turkey 
 
decoys in the Texas Rolling Plains during winter and autumn, 2003–2005.  For each 
 
logistic regression model, –2*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 (Δi), AICc weight (wi), and percent accuracy are given. 
________________________________________________________________________ 
 Modela –2LL K AICc Δi wi accuracyb

________________________________________________________________________ 
Winter (n = 215): 
 
 DIST 247.032 2 251.089   0.000 0.561 70.2% 
 
 DIST + FLOCK 245.465 3 251.579   0.490 0.439 69.3% 
 
 FLOCK 262.912 2 266.968 15.879 0.000 69.3% 
 
 CONSTANT 265.164 1 267.183 16.094 0.000    – 
 
Autumn (n = 370): 
 
 DIST + FLOCK 439.280 3 445.345   0.000 1.000 67.0% 
 
 FLOCK 469.269 2 473.302 27.957 0.000 64.3% 
 
 DIST 472.104 2 476.136 30.791 0.000 66.8% 
 
 CONSTANT 507.684 1 509.695 64.349 0.000    – 
________________________________________________________________________ 
   a  CONSTANT = constant detection rate independent of flock size and distance, 

FLOCK = flock size, and DIST = distance. 

   b  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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Table 6.2.  Candidate models for detection of individuals within flocks during road 
 
surveys of inflatable turkey decoys in the Texas Rolling Plains during winter and autumn, 
 
2003–2005.  For each linear regression model, –2*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 (Δi), AICc weight (wi), and coefficient of 
 
determination (R2) are given. 
________________________________________________________________________ 
 Modela –2LLb K AICc Δi wi R2

________________________________________________________________________ 
Winter (n = 149): 
 
 DIST + FLOCK –369.807 4 –361.530   0.000 1.000 0.202 
 
 DIST –351.394 3 –345.228 16.301 0.000 0.097 
 
 FLOCK –349.013 3 –342.847 18.682 0.000 0.083 
 
 CONSTANT –335.134 2 –331.052 30.477 0.000   – 
 
Autumn (n = 163): 
 
 FLOCK –178.561 3 –172.410   0.000 0.682 0.144 
 
 DIST + FLOCK –179.135 4 –170.882   1.529 0.318 0.147 
 
 DIST –154.522 3 –148.371 24.039 0.000 0.008 
 
 CONSTANT –152.279 2 –148.204 24.206 0.000   – 
________________________________________________________________________ 
   a  CONSTANT = constant detection rate independent of flock size and distance, 
 
FLOCK = flock size, and DIST = distance. 
 
   b  The –2*log-likelihood was calculated using the residual sum of squares of the fitted 
 
linear models and the estimator suggested by Burnham and Anderson (2002: 12).
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Table 6.3.  Distance sampling models of inflatable turkey decoy detection from roads in the Texas Rolling Plains during winter 
 
(n = 149), 2003–2005.  For each model, –2*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 (Δi), and AICc weight (wi) are 
 
given.  Estimated detection probability (P), decoy density (D), and corresponding coefficients of variation (CV) are given. 
 
Decoy density was 570.7 decoys/km2. 
______________________________________________________________________________________________________ 
 Detection Observedb Correctedc

 ____________ ___________ _____________ 
Modela –2LL K AICc Δi wi P CV D CV D CV 
______________________________________________________________________________________________________ 
Hazard-rate 1265.003 2 1269.085 0.000 0.754 0.706   3.5% 329.7 12.5% 394.1 12.5% 138  
Half-normal + cosine 1265.451 3 1271.616 2.531 0.213 0.549 14.1% 518.9 18.9% 564.4 19.2% 
 
Uniform + cosine 1271.224 2 1275.306 6.221 0.034 0.640 10.9% 388.9 16.5% 442.7 16.6% 
 
Model average      0.670   9.8% 371.9 22.7% 432.0 19.8%  
______________________________________________________________________________________________________ 
   a  Models are key function + series expansion with size-bias regression of flock size against estimated detection probability. 
 
   b  Density estimates and CVs when observed flock sizes (uncorrected) were used. 
 
   c  Density estimates and CVs when corrected flock sizes (corrected using individual detectability models) were used. 

 



Table 6.4.  Distance sampling models of inflatable turkey decoy detection from roads in the Texas Rolling Plains during 
 
autumn (n = 163), 2003–2005.  For each  model, –2*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 (Δi), and AICc weight (wi) are 
 
given.  Estimated detection probability (P), decoy density (D), and corresponding coefficients of variation (CV) are given. 
 
Decoy density was 377.0 decoys/km2. 
______________________________________________________________________________________________________ 
 Detection Observedb Correctedc

 ____________ ___________ _____________ 
Modela –2LL K AICc Δi wi P CV D CV D CV 
______________________________________________________________________________________________________ 
Hazard-rate 1364.530 2 1368.604   0.000 0.809 0.478 10.1% 246.6 13.5% 417.0 13.5% 139  
Half-normal + cosine 1366.014 3 1372.165   3.561 0.136 0.486 16.0% 242.8 18.3% 410.9 18.3% 
 
Uniform + cosine 1369.925 2 1374.000   5.396 0.054 0.455   7.3% 263.1 12.1% 440.9 12.3% 
 
Model average      0.478 10.9% 247.0 14.1% 417.5 14.2% 
______________________________________________________________________________________________________ 
   a  Models are key function + series expansion with size-bias regression of flock size against estimated detection probability. 
 
   b  Density estimates and CVs when observed flock sizes (uncorrected) were used. 
 
   c  Density estimates and CVs when corrected flock sizes (corrected using individual detectability models) were used.

 



Table 6.5.  Distance sampling models of wild turkey detection from roads in the Texas 
 
Rolling Plains during winter (n = 83), 2004–2006.  For each model, –2*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 (Δi), and AICc weight (wi) 
 
are given.  Estimated detection probabilities (P) and corresponding coefficient of 
 
variation (CV) are given. 
________________________________________________________________________ 
 Detection 
 ____________ 
Modela –2LL K AICc Δi wi P CV 
________________________________________________________________________ 
Uniform + cosine 747.802 1 749.852 0.000 0.425 0.650   8.7% 
 
Half-normal 748.552 1 750.602 0.750 0.292 0.669   9.3% 
 
Hazard-rate  746.517 2 750.667 0.815 0.283 0.530 23.2% 
 
Model average      0.622 15.0% 
________________________________________________________________________ 
   a  Models are key function + series expansion with size-bias regression of flock size 
 
against detection probability.
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Table 6.6.  Distance sampling models of wild turkey detection from roads in the Texas 
 
Rolling Plains during autumn (n = 91), 2004–2005.  For each model, –2*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 (Δi), and AICc weight (wi) 
 
are given.  Estimated detection probabilities (P) and corresponding coefficient of 
 
variation (CV) are given. 
________________________________________________________________________ 
 Detection 
 ____________ 
Modela –2LL K AICc Δi wi P CV 
________________________________________________________________________ 
Hazard-rate 809.377 2 813.513 0.000 0.590 0.355 21.4% 
 
Uniform + cosine 813.205 1 815.250 1.737 0.248 0.614   7.3% 
 
Half-normal + cosine 811.964 2 816.100 2.587 0.162 0.526 13.4% 
 
Model average      0.447 29.2% 
________________________________________________________________________ 
   a  Models are key function + series expansion with size-bias regression of flock size 
 
against detection probability.
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Table 6.7.  Simulations of line transect-based distance sampling from roads using various transect lengths (km) and numbers 
 
for Rio Grande wild turkeys in the Texas Rolling Plains during winter.  For each simulation, average number of flocks detected 
 
(n), estimated density, percent bias, and coefficient of variation (CV) are given. 
______________________________________________________________________________________________________ 
 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 
______________________________________________________________________________________________________ 
8   40   11.0 5.50   –8.4% 143.4%   21.2 10.22 –14.9%   82.2%   42.1 19.38 –19.3%   59.2% 
 
   60   16.2 5.44   –9.3% 123.5%   32.0 10.30 –14.2%   74.7%   63.1 19.03 –20.7%   43.1% 
 
   80   21.5 5.16 –14.1%   96.9%   42.4   9.48 –21.0%   43.5%   84.1 18.92 –21.2%   28.8% 
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 100   26.3 5.01 –16.5%   77.6%   52.6   9.52 –20.7%   53.1% 105.0 18.78 –21.8%   23.8% 
 
16   40   21.5 5.03 –16.2%   75.1%   42.1   9.50 –20.9%   52.3%   84.1 19.10 –20.4%   33.9% 
 
   60   31.8 4.90 –18.3%   73.9%   63.2   9.67 –19.5%   51.5% 126.0 18.81 –21.6%   25.3% 
 
   80   42.0 4.84 –19.4%   52.5%   84.3   9.47 –21.1%   32.3% 167.3 18.57 –22.6%   19.5% 
 
 100   52.7 4.86 –19.0%   49.7% 105.3   9.45 –21.3%   25.6% 209.7 18.42 –23.2%   16.3% 
______________________________________________________________________________________________________ 
 
 
 
 
 

 



Table 6.7.  Continued. 
______________________________________________________________________________________________________ 
 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 
______________________________________________________________________________________________________ 
32   40   42.6 5.24 –12.6% 80.4%   84.1 9.45 –21.3% 29.4% 167.8 18.58 –22.6% 18.9% 
 
   60   63.1 4.74 –21.0% 33.6% 126.0 9.41 –21.6% 21.3% 251.9 18.35 –23.6% 14.1% 
 
   80   84.4 4.75 –20.8% 35.7% 167.9 9.31 –22.4% 17.1% 335.2 18.32 –23.7% 12.5% 
 
 100 105.2 4.71 –21.5% 24.4% 210.1 9.33 –22.2% 17.7% 418.0 18.32 –23.7% 11.2% 
______________________________________________________________________________________________________ 
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Table 6.8.  Simulations of line transect-based distance sampling from roads using various transect lengths (km) and numbers 
 
for Rio Grande wild turkeys in the Texas Rolling Plains during autumn.  For each simulation, average number of flocks 
 
detected (n), estimated density, percent bias, and coefficient of variation (CV) are given. 
______________________________________________________________________________________________________ 
 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 
______________________________________________________________________________________________________ 
8   40   9.1 4.84 –19.3% 146.7%   17.9 8.93 –25.6% 102.6%   35.6 16.41 –31.6%   56.3% 
 
   60 13.5 4.04 –32.6%   81.3%   26.6 8.30 –30.9%   66.2%   53.1 16.14 –32.7%   46.7% 
 
   80 17.9 4.47 –25.5%   98.3%   35.7 8.37 –30.3%   64.4%   71.1 15.95 –33.5%   48.2% 
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 100 22.3 4.23 –29.5%   85.8%   44.4 8.21 –31.6%   57.6%   88.7 15.82 –34.1%   37.4% 
 
16   40 17.9 4.42 –26.3%   94.0%   35.6 8.57 –28.6%   71.9%   71.0 16.21 –32.4%   37.4% 
 
   60 26.7 4.18 –30.4%   69.7%   53.3 7.94 –33.8%   40.4% 106.3 15.77 –34.3%   33.6% 
 
   80 35.6 4.11 –31.5%   57.2%   71.0 7.94 –33.8%   40.9% 141.7 15.50 –35.4%   24.6% 
 
 100 44.5 4.11 –31.5%   54.2%   88.6 7.92 –34.0%   29.7% 176.9 15.42 –35.8%   19.0% 
______________________________________________________________________________________________________ 
 
 
 
 
 

 



Table 6.8.  Continued. 
______________________________________________________________________________________________________ 
 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 
______________________________________________________________________________________________________ 
32   40 35.7 4.22 –29.6%   63.9%   71.0 8.02 –33.2%   44.2% 141.7 15.60 –35.0%   24.5% 
 
   60 53.3 4.06 –32.4%   52.4% 106.4 7.89 –34.3%   25.8% 212.9 15.41 –35.8%   17.8% 
 
   80 70.8 3.94 –34.3%   38.2% 141.8 7.83 –34.7%   26.9% 283.4 15.28 –36.3%   15.3% 
 
 100 89.0 4.02 –33.1%   33.4% 176.9 7.61 –36.6%   19.3% 354.0 15.23 –36.6%   13.3% 
______________________________________________________________________________________________________ 
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Figure 6.1.  The distribution of Rio Grande wild turkey flock sizes observed during 

opportunistic surveys in the Texas Rolling Plains during winter (December–March, 

2003–2006) and the probability distribution function (PDF) of the lognormal distribution 

with μ = 2.74 and σ = 0.94. 
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Figure 6.2.  The distribution of Rio Grande wild turkey flock sizes observed during 

opportunistic surveys in the Texas Rolling Plains during autumn (August–November, 

2003–2005) and the probability distribution function (PDF) of the lognormal distribution 

with μ = 2.22 and σ = 0.91. 
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CHAPTER VII 

SUMMARY AND CONCLUSION 

 

Many techniques have been used to estimate abundance, density, and trends for 

wildlife populations (Thompson et al. 1998, Lancia et al. 2005).  Abundance or density 

estimates help wildlife managers judge the effectiveness of their management activities 

and are functionally related to other parameters of interest such as growth rate and 

extinction probability (Sutherland 1996, Bibby et al. 2000, Lancia et al. 2005).  However, 

few studies have assessed methods of estimating abundance, density, and trends for wild 

turkey (Meleagris gallopavo) populations.  Perhaps this is because wild turkey 

populations have been on the rebound during the latter half of the 20th century (Beasom 

and Wilson 1992, Kennamer et al. 1992).  The few investigations concerning abundance 

estimation in wild turkey populations have focused on small-scale management units 

such as wildlife management areas.  Most studies have dealt with small-scale mark-

recapture techniques (Gribben 1986, Lint et al. 1995, Weinstein et al. 1995, Cobb et al. 

2000) or used indices of abundance such as poult-hen counts, roost counts, or harvest 

surveys (Cook 1973; Shaw 1973; Palmer et al. 1990; Healy and Powell 1999; Butler et al. 

2006a, b).  However, the recent focus in wildlife management has become large-scales 

such as ecoregions or states (Pollock et al. 2002) because successful large scale 

monitoring programs are important to conservation efforts, management decisions, and 

evaluating management activities (Bibby et al. 2000, Pollock et al. 2002, Lancia et al. 

2005). 
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Recent evidence has suggested that some Rio Grande wild turkey (M. g. 

intermedia) populations in the Southern Great Plains have begun to decline (Brunjes 

2005) which has emphasized the importance of population monitoring activities.  

However, different techniques will result in different estimates of abundance or density, 

and some techniques are better suited to Rio Grande wild turkey populations than are 

others.  Thus, the objectives of this study were to develop monitoring techniques for Rio 

Grande wild turkeys and determine if useful trends in population change are detectable 

on local and ecoregion scales. 

Counting Rio Grande wild turkeys at winter roosts is a technique commonly used 

to index abundance because they congregate in specific roost sites throughout the winter 

(Thomas et al. 1966, Watts and Stokes 1971).  Increased interest in the use of advanced 

technology such as night vision devices (NVD), thermal infrared cameras (thermal IR), 

and automated video monitoring systems (AVMS) for counting wild turkeys at winter 

roosts has emerged.  However, little information comparing counting techniques was 

available.  Thus, I compared 5 techniques for counting wild turkeys on winter roosts.  I 

used direct observation during evening and morning hours, and advanced technology 

such as NVD, thermal IR, and AVMS.  Morning counts were larger than evening and 

NVD counts.  Morning counts were similar to counts from the AVMS.  However, the 

AVMS was difficult to use.  Counts from the thermal IR were smaller than the evening 

counts and were similar to the NVD counts.  Overall, I found the advanced technology 

(e.g., NVD, thermal IR, or AVMS) was ineffective for counting wild turkeys at winter 

roosts and the more traditional morning counts provided the largest counts.  Thus, I 
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suggest using morning counts when counting Rio Grande wild turkeys at winter roosts.  

However, additional research concerning sampling design and identification of roosting 

habitat are needed before a monitoring technique can be developed that uses morning 

counts of winter roosts. 

Aerial surveys have been used to estimate population abundance for several wild 

bird species (Caughley and Grice 1982, Craig and Craig 1984, Smith et al. 1995, Cordts 

et al. 2002) including wild turkey (Kubisiak et al. 1997).  However, detectability of flocks 

and individuals within flocks may be affected by many factors (Gasaway et al. 1985, 

Samuel et al. 1987, Otten et al. 1993, Bodie et al. 1995, Smith et al. 1995).  I 

hypothesized that flock detectability and detectability of individuals within a flock of Rio 

Grande wild turkeys was a function of perpendicular distance from a flock to the transect, 

vegetative cover type, and flock size.  I used inflatable turkey decoys to simulate Rio 

Grande wild turkey populations to evaluate detectability of flocks and individuals within 

flocks during fixed-wing aerial surveys.  I developed 8 a priori logistic regression models 

to evaluate flock detectability and 8 a priori linear regression models to evaluate 

individual detectability within detected flocks.  I used the second-order Akaike’s 

information criterion (AICc) for model selection (Burnham and Anderson 2002).  

Because about 82% of wild turkey flocks flush when approached by a helicopter, turkey 

decoys cannot be used to evaluate helicopter surveys.  I used flocks that contained radio-

tagged individuals to determine flock detection rates and ground-based counts to evaluate 

individual detection for helicopters.  From the ground, I obtained visual observations of 

wild turkey flocks containing radio-tagged birds within 4 hours of helicopter surveys to 
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evaluate individual detection within flocks.  I conducted computer simulations to evaluate 

the performance of the aerial survey techniques and examined the power to detect linear 

trends in population change. 

My modeling effort suggested flock size and vegetative cover type play an 

important role in flock detectability for fixed-wing aerial surveys.  However, the third-

best model suggested that the detection rate was constant (36.5 + 5.7%, 95% CI).  

Distance from a flock to the transect had little influence on flock detectability.  This was 

probably due to the narrow transect width used in the surveys (400 m).  However, as 

flock size increased, flock detection increased.  Also, flock detection was greatest in open 

vegetative cover and least in woodlands.  My modeling effort suggested that flock size 

was influential on the detection of individuals within a flock.  As flock size increased, the 

percent of individuals counted within a flock tended to decrease.  Because of small 

sample sizes, I was unable to evaluate the effects of distance, vegetative cover type, and 

flock size on helicopter surveys; I observed a flock detection rate of 74.0% < 94.7% < 

99.9% (95% CI).  I was only able to assess detectability of individuals within flocks 

using a subjective classification of confidence because flock size and composition 

changed during the time (< 4 hours) between the ground-based and helicopter surveys. 

My simulations suggested that the fixed-wing aerial survey technique would 

underestimate population abundance by about 10% to 15% with a relative variability of 

only 2.0% to 4.8%.  In contrast, my simulations suggested helicopter surveys would 

underestimate population abundance by about 5.6% with a relative variability of only 

4.6%.  Power analyses suggested that the fixed-wing or helicopter survey technique 
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provides sufficient power (>0.80) to detect a population change of 10% to 25% over a 4- 

to 5-year period. 

Rental of a Cessna 172 airplane costs about $2.38/km2 surveyed and rental of a 

R44 helicopter costs about $13.19/km2 surveyed.  To obtain relatively precise, although 

slightly biased, estimates of wild turkey populations, about 923 to 1,846 km2 ($2,197 to 

$4,393 plus 17 to 34 hours of personnel time) must be surveyed with fixed-wing aircraft 

or about 1,050 to 2,100 km2 ($13,850 to $27,699 plus 30 to 59 hours of personnel time) 

must be surveyed with helicopters.  Thus, considering costs, precision, and bias, fixed-

wing aerial surveys are more feasible than are helicopter surveys.  Also, the fixed-wing 

aerial survey technique could likely be incorporated into the similar midwinter waterfowl 

survey (Wildlife Management Institute 2005) usually conducted in January by Texas 

Parks and Wildlife Department (TPWD) in conjunction with the U.S. Fish and Wildlife 

Service. 

Many states use poult-hen counts to index wild turkey population parameters such 

as reproduction, recruitment, and density (DeArment 1959, Shaw 1973, Bartush et al. 

1985) and TPWD personnel have conducted poult-hen counts of Rio Grande wild turkeys 

since 1978 (Schwertner et al. 2003).  In 2000, I began estimating recruitment and 

reproductive parameters at 4 study sites in the Southern Great Plains.  During 2000–2004, 

I estimated reproductive parameters by intensively monitoring 374 radio-tagged wild 

turkey hens.  From annual January–March trapping efforts during 2000–2005, I used the 

percent of all captured wild turkeys that were juveniles (percent juveniles captured) to 

index recruitment for 1999–2004.  The TPWD poult-hen count data from 1999–2004 
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were used to estimate poults/hen for counties that contained my study sites.  In 2002, I 

began conducting poult-hen counts at my study sites in order to estimate poults/hen at a 

localized scale. 

Nesting success rate, mean number of eggs laid per hen, mean number of eggs 

hatched per hen, percent of juvenile females captured, and percent of juveniles captured 

were correlated (r2 > 0.349, 9 > n < 10, P < 0.05) to my poults/hen estimates.  However, 

none of the reproductive or recruitment parameters was correlated to TPWD poults/hen 

estimates (r2 < 0.143, 13 > n < 16, P > 0.10).  My analyses suggested that poult-hen 

counts can index reproduction and recruitment at localized scales.  However, on an 

ecoregion scale, TPWD poults/hen estimates were unable to index reproduction or 

recruitment (r2 < 0.299, 5 > n < 6, P > 0.15). 

The inability of the TPWD poults/hen estimates to index reproduction or 

recruitment at local or ecoregion scales may have resulted from small sample sizes used 

to calculate TPWD estimates and uneven and inadequate coverage of samples across the 

ecoregion.  If TPWD poults/hen estimates are to be valuable indices at local or ecoregion 

scales, larger and evenly distributed samples from standardized and randomized surveys 

must be obtained.  In addition, the poult-hen count index does not reveal anything about 

abundance or density (Caughley 1974). 

Line transect-based distance sampling is a common technique used to estimate the 

density of many wildlife populations (Brennan and Block 1986, DeYoung and Priebe 

1987, Borralho et al. 1996, Dahlheim et al. 2000).  Many researchers, working on a 

variety of species, have suggested line transect density estimators are more reliable than 
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are other techniques (Ratti et al. 1983, Brennan and Block 1986, Hanowski et al. 1990, 

Borralho et al. 1996, Thompson 2002, Ruette et al. 2003).  However, few studies have 

assessed line transect-based distance sampling for estimating wild turkey population 

densities.  DeYoung and Priebe (1987) compared line transect-based distance sampling 

with mark-resight estimators for Rio Grande wild turkey population size in south Texas.  

They recommended further evaluation and suggested male wild turkeys are likely to use 

roads as display areas, causing positive bias in population density estimates. 

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).  Because of this, researchers 

have suggested that line transects should not be positioned along roads (Burnham et al. 

1980, Buckland et al. 2001, Williams et al. 2001).  However, I analyzed the distributional 

patterns of wild turkeys around roads to examine avoidance-attraction behaviors and 

identify seasons and time periods in which this bias was minimal.  I determined Rio 

Grande wild turkey distributional patterns around roads in the Southern Great Plains by 

triangulating the locations of radio-tagged wild turkeys.  Using χ² goodness-of-fit tests 

(Conover 1999), I found autumn midday and winter AM were probably the best times in 

the Southern Great Plains to conduct line transect-based distance sampling from roads 

(Butler et al. 2005). 

I used inflatable turkey decoys to simulate Rio Grande wild turkey populations to 

evaluate line transect-based distance sampling from roads during autumn and winter.  I 

developed 4 a priori logistic regression models to evaluate flock detectability and 4 a 
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priori linear regression models to evaluate individual detectability within detected flocks.  

I used Program Distance 5.0 (Thomas et al. 2005) to model the detection functions of the 

decoy survey data to evaluate density estimates and probability of detection for inflatable 

turkey decoy surveys from roads.  I used the second-order Akaike’s information criterion 

(AICc) for model selection (Burnham and Anderson 2002).  I also conducted surveys 

from roads for wild turkeys and used Program Distance 5.0 to model detection functions 

to estimate the probability of detection of wild turkey flocks from roads.  I conducted 

computer simulations to evaluate the performance of line transect-based distance 

sampling and examined the power to detect linear trends in population change. 

During winter and autumn, my modeling effort suggested that distance to a flock 

and flock size play an important role in flock detectability.  As flock size increased, flock 

detection increased, but as distance increased, flock detection decreased.  Also, distance 

and flock size were influential on the detection of individuals within a flock.  As flock 

size and distance increased, the percent of individuals counted within detected flocks 

tended to decrease.  During decoy surveys, the true density of inflatable turkey decoys 

was known (winter, 570.7 decoys/km2; autumn, 377.0 decoys/km2).  I used the linear 

regression models to correct flock size.  Using the corrected flock sizes and the key 

function + series expansion modeling approach (Buckland et al. 2001) in Program 

Distance 5.0, I estimated a density of 432.0 + 167.8 decoys/km2 in winter and 417.5 + 

116.0 decoys/km2 in autumn.  The detection probability of decoy flocks was similar to 

wild turkey flocks during winter (decoy flock, 67.0 + 13.0%; wild turkey flock, 62.2 + 

18.3%) and autumn (decoy flock, 47.8 + 10.2%; wild turkey flock, 44.7 + 25.7%), which 
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suggested using inflatable turkey decoys was appropriate for evaluating line transect-

based distance sampling. 

My computer simulations suggested density estimates from line transect-based 

distance sampling may be biased by about –24% during winter (11.2% CV) and by about 

–37% during autumn (13.3% CV).  The negative bias occurred because of incomplete 

detection of individuals within detected flocks and the occasional undetected flock near 

the transect.  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% to 25% change in population density in 5 to 7 years when the 

number of flock detections was large (>418).  However, 7 to 11 years were necessary 

when flock detections were few (approximately 105).  To obtain this level of precision 

and power, managers must survey 800 to 3,200 km of road transects every year costing 

about $94 to $375 (U.S.) plus 50 to 200 hours of personnel time per year. 

In conclusion, I have provided an evaluation and comparison of 2 aerial survey 

techniques and line transect-based distance sampling from roads for Rio Grande wild 

turkey populations in the Southern Great Plains.  I have shown, considering costs, 

precision, and bias, that fixed-wing aerial surveys are more feasible than are helicopter 

surveys.  Fixed-wing aerial surveys also provide sufficient power (>0.80) to detect trends 

(10% to 25% change) in population change in 4 to 5 years.  However, aerial surveys are 

more expensive than are line transect-based distance sampling but require less personnel 

time.  Estimates from line transect-based distance sampling from roads had greater bias 

and variability and reduced power when compared to aerial techniques.  Responsive 
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movements and avoidance-attraction behaviors by wild turkey flocks and difficulty 

obtaining representative samples may present problems in road-based surveys.  Also, 

fixed-wing aerial surveys for wild turkeys may be incorporated into similar midwinter 

waterfowl surveys.  Thus, if fiscal restraints permit, I suggest that managers use fixed-

wing aircraft to monitor wild turkey populations in the Southern Great Plains. 
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GRANDE WILD TURKEYS FROM FIXED-WING 
 

AIRCRAFT, HELICOPTERS, AND ROADS 
 

IN THE SOUTHERN GREAT PLAINS 
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Script 1.  MatLab® script written to construct confidence limits using the simple 
 
percentile approach and calculate the coefficient of variation of simulated survey 
 
estimates. 
 
 
% CONF: For a vector of simulated estimates, uses the simple percentile approach to construct 
%       confidence limits (Manly 1997).  Also, calculates the mean (M) and coefficient of 
%       variation (CV). 
% 
%  Usage: [LCL,M,UCL,CV] = conf(x,{conf_level}) 
% 
%  x = vector of simulated estimates. 
%  conf_level = percent confidence interval desired [default = 95]. 
%  ---------------------------------------------------------------------------------------------------------------------- 
%  LCL = lower confidence limit of estimate. 
%  M = mean of estimates. 
%  UCL = upper confidence limit of estimate. 
%  CV = coefficient of variation of estimate. 
 
% Matthew J. Butler 
% 25-May-2006 
 
function [LCL,M,UCL,CV] = conf(x,conf_level) 
 
if (nargin < 2) conf_level = []; end; 
 
if (isempty(conf_level)) conf_level = 95; end; 
       
L = (100-conf_level)/2; 
U = 100-L; 
LCL = prctile(x,L); 
UCL = prctile(x,U); 
M = mean(x); 
CV = std(x)/M; 
 
return; 
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Script 2.  MatLab® scripts written to simulate surveys of Rio Grande wild turkeys from fixed-wing aircraft in the Texas 
 
Rolling Plains. 
 
 
% FIXED_WING_SIMULATOR: Uses simulated data and detection probabilities from the logistic regression models and the percent of a flock 
%      detected from the linear models and then calculates a total population estimate. 
% 
% Usage: [estimate, no_det,mean_probs] = fixed_wing_simulator ({pop},{MU},{SIGMA},{open},{brush}) 
% 
%  pop = optional population size [default = 20000]. 
%  MU = optional parameter for random generator based on the lognormal distribution [default = 2.0]. 
%  SIGMA = optional parameter for random generator based on the lognormal distribution [default = 1.0]. 
%  open = optional percent of vegetation that is of the open type [default = 0.30]. 
%  brush = optional percent of vegetation that is of the brush type [default = 0.66]. 
%  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
%  estimate = estimated population size of the simulated data. 
%  no_det = the number of flocks detected in the simulated data. 
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% Matthew J. Butler 
% 08-October-2006 
 
function [estimate,no_det,mean_probs] = fixed_wing_simulator (pop,MU,SIGMA,open,brush) 
 
if (nargin < 5) brush = []; end; 
if (nargin < 4) open = []; end; 
if (nargin < 3) SIGMA = []; end; 
if (nargin < 2) MU = []; end; 
if (nargin < 1) pop = []; end; 
 
if (isempty(brush)) brush = 0.66; end; 
if (isempty(open)) open = 0.30; end; 
if (isempty(SIGMA)) SIGMA = 1.0; end; 
if (isempty(MU)) MU = 2.0; end; 
if (isempty(pop)) pop = 20000; end; 
 

 



Script 2.  Continued. 
 
 
flock = []; 
go = 0; 
 
while go < 1 
 flk = ceil(lognrnd(MU,SIGMA)); 
 if flk <101 
  flock = [flock;flk]; 
 end; 
 total = sum(flock); 
 if total == pop 
  go = 1; 
  [R,C] = size(flock); 
  no_flock = R; 
 end; 
 if total > pop 169   go = 1; 
  [R,C] = size(flock); 
  fix = total - pop; 
  flock(R,C) = flock(R,C)-fix; 
  no_flock = R; 
 end; 
end; 
 
dist = ceil(6*rand(no_flock,1)); 
dist1 = zeros(no_flock,1); 
dist2 = zeros(no_flock,1); 
dist3 = zeros(no_flock,1); 
dist4 = zeros(no_flock,1); 
dist5 = zeros(no_flock,1); 
 
for i = 1:no_flock 
 if dist(i)==2 
  dist1(i)=1; 

 



Script 2.  Continued. 
 
 
 end; 
 if dist(i)==3 
  dist2(i)=1; 
 end; 
 if dist(i)==4 
  dist3(i)=1; 
 end; 
 if dist(i)==5 
  dist4(i)=1; 
 end; 
 if dist(i)==6 
  dist5(i)=1; 
 end; 
end; 
 170 dummy_dist = [dist1,dist2,dist3,dist4,dist5]; 
no_open = round(no_flock*open); 
no_brush = round(no_flock*brush); 
no_trees = no_flock - no_open - no_brush; 
xa = ones(no_open,1); 
ya = zeros(no_open,1); 
dummy_open = [xa,ya]; 
xb = zeros(no_brush,1); 
yb = ones(no_brush,1); 
dummy_brush = [xb,yb]; 
dummy_trees = zeros(no_trees,2); 
dummy_veg = [dummy_open;dummy_brush;dummy_trees]; 
data = [flock,dummy_dist,dummy_veg]; 
 
probs1 = zeros(no_flock,1); 
probs2 = zeros(no_flock,1); 
probs3 = zeros(no_flock,1); 
probs4 = zeros(no_flock,1); 

 



Script 2.  Continued. 
 
 
probs5 = zeros(no_flock,1); 
probs6 = zeros(no_flock,1); 
probs7 = zeros(no_flock,1); 
probs8 = ones(no_flock,1)*0.36531; 
 
for i=1:no_flock 
 a = exp(-2.02749+(0.02131*(data(i,1)))+(0.92975*(data(i,2)))+(1.01074*(data(i,3)))+(0.68943*(data(i,4)))+(0.64824*(data(i,5)))+ 
(0.25892*(data(i,6)))+(0.64836*(data(i,7)))+(0.26998*(data(i,8)))); 
 b = 1+exp(-2.02749+(0.02131*(data(i,1)))+(0.92975*(data(i,2)))+(1.01074*(data(i,3)))+(0.68943*(data(i,4)))+(0.64824*(data(i,5)))+ 
(0.25892*(data(i,6)))+(0.64836*(data(i,7)))+(0.26998*(data(i,8)))); 
 probs1(i) = a/b; 
end; 
 
for i=1:no_flock 
 a = exp(-1.49692+(0.90433*(data(i,2)))+(0.97417*(data(i,3)))+(0.70298*(data(i,4)))+(0.65487*(data(i,5)))+(0.32721*(data(i,6)))+ 171 (0.59490*(data(i,7)))+(0.23169*(data(i,8)))); 
 b = 1+exp(-1.49692+(0.90433*(data(i,2)))+(0.97417*(data(i,3)))+(0.70298*(data(i,4)))+(0.65487*(data(i,5)))+(0.32721*(data(i,6)))+ 
(0.59490*(data(i,7)))+(0.23169*(data(i,8)))); 
 probs2(i) = a/b; 
end; 
 
for i=1:no_flock 
 a = exp(-1.64168+(0.02019*(data(i,2)))+(0.90014*(data(i,2)))+(0.99736*(data(i,3)))+(0.75999*(data(i,4)))+(0.68624*(data(i,5)))+ 
(0.29114*(data(i,6)))); 
 b = 1+exp(-1.64168+(0.02019*(data(i,2)))+(0.90014*(data(i,2)))+(0.99736*(data(i,3)))+(0.75999*(data(i,4)))+(0.68624*(data(i,5)))+ 
(0.29114*(data(i,6)))); 
 probs3(i) = a/b; 
end; 
 
for i=1:no_flock 
 a = exp(-1.49592+(0.01946*(data(i,1)))+(0.71380*(data(i,7)))+(0.47279*(data(i,8)))); 
 b = 1+exp(-1.49592+(0.01946*(data(i,1)))+(0.71380*(data(i,7)))+(0.47279*(data(i,8)))); 
 probs4(i) = a/b; 

 



Script 2.  Continued. 
 
 
end; 
 
for i=1:no_flock 
 a = exp(-1.17865+(0.87855*(data(i,2)))+(0.96508*(data(i,3)))+(0.77319*(data(i,4)))+(0.69315*(data(i,5)))+ 
(0.36772*(data(i,6)))); 
 b = 1+exp(-1.17865+(0.87855*(data(i,2)))+(0.96508*(data(i,3)))+(0.77319*(data(i,4)))+(0.69315*(data(i,5)))+ 
(0.36772*(data(i,6)))); 
 probs5(i) = a/b; 
end; 
 
for i=1:no_flock 
 a = exp(-1.01160+(0.67173*(data(i,7)))+(0.43624*(data(i,8)))); 
 b = 1+exp(-1.01160+(0.67173*(data(i,7)))+(0.43624*(data(i,8)))); 
 probs6(i) = a/b; 
end; 172  
for i=1:no_flock 
 a = exp(-0.97665+(0.01834*(data(i,1)))); 
 b = 1+exp(-0.97665+(0.01834*(data(i,1)))); 
 probs7(i) = a/b; 
end;    
 
fprobs = (probs1*0.046)+(probs2*0.014)+(probs3*0.079)+(probs4*0.241)+(probs5*0.028)+(probs6*0.095)+(probs7*0.343)+(probs8*0.156); 
probs = (probs2*0.047)+(probs5*0.095)+(probs6*0.325)+(probs8*0.533); 
mean_probs = mean(fprobs); 
cumprobs = cumsum(probs); 
x = cumprobs(no_flock); 
 
index = []; 
 
for i=1:round(mean_probs*no_flock) 
 random_num = x*rand; 
 testvect = random_num > cumprobs; 

 



Script 2.  Continued. 
 
 
 index = [index;sum(testvect)+1]; 
end; 
 
no_det = size(index,1); 
 
prct_flock1 = data(index,1).*0.81616; 
prct_flock2 = data(index,1).*(1.00767-(0.00786.*(data(index,1)))); 
prct_flock3 = data(index,1).*(0.82308-(0.01600.*(data(index,7)))-(0.02389.*(data(index,8)))); 
prct_flock5 = data(index,1).*(1.00508-(0.00790.*(data(index,1)))+(0.00941.*(data(index,7)))-(0.00384.*(data(index,8)))); 
prct_flock6 = data(index,1).*(1.07741-(0.00787.*(data(index,1)))-(0.07583.*(data(index,2)))-(0.03311.*(data(index,3)))-(0.05038.*(data(index,4)))- 
(0.08920.*(data(index,5)))-(0.19422.*(data(index,6)))); 
 
prct_flock = (prct_flock1*0.707)+(prct_flock3*0.293);     
fprct_flock = (prct_flock1*0.008)+(prct_flock2*0.877)+(prct_flock3*0.003)+(prct_flock5*0.099)+(prct_flock6*0.014); 
 173 adjustment = prct_flock./data(index,1); 
adj_flock = round(fprct_flock./adjustment); 
 
for j=1:length(adj_flock) 
 if adj_flock(j) <= 0 
  adj_flock(j) = 1; 
 end; 
end; 
 
estimate = sum(adj_flock./probs(index,1)); 
 
return; 

 



Script 2.  Continued. 
 
 
% FIXED_WING_MC: Uses the fixed_wing_simulator function in a Monte Carlo simulation. 
% 
% Usage: [estimates,percent_diffs,no_detect,CI_est,CI_percent] = fixed_wing_mc({pop},{iterations},{conf_level},{MU},{SIGMA},{open},{brush}) 
% 
%  pop = optional population size [default = 20000]. 
%  iterations = optional variable indicating the number of iterations [default = 10000]. 
%  conf_level = percent confidence interval desired [default = 95%]. 
%  MU = optional parameter for random generator based on the lognormal distribution [default = 2.0]. 
%  SIGMA = optional parameter for random generator based on the lognormal distribution [default = 1.0]. 
%  open = optional percent of vegetation that is of the open type [default = 0.30]. 
%  brush = optional percent of vegetation that is of the brush type [default = 0.66]. 
%  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
%  estimates = [N x 1] vector of simulated estimates. 
%  percent_diffs = [N x 1] vector of simulated percent differences. 
%  no_detect = [N x 1] vector of number of flocks detected. 174 %  CI_est = confidence interval of simulated estimates. 
%  CI_percent = confidence interval of simulated percent differences. 
% 
 
% Matthew J. Butler 
% 08-October-2006 
 
function [estimates,percent_diffs,no_detect,CI_est,CI_percent,mean_prob] = fixed_wing_mc(pop,iterations,conf_level,MU,SIGMA,open,brush) 
 
if (nargin < 7) brush = []; end; 
if (nargin < 6) open = []; end; 
if (nargin < 5) SIGMA = []; end; 
if (nargin < 4) MU = []; end; 
if (nargin < 3) conf_level = []; end; 
if (nargin < 2) iterations = []; end; 
if (nargin < 1) pop = []; end; 
 
if (isempty(brush)) brush = 0.66; end; 

 



Script 2.  Continued. 
 
 
if (isempty(open)) open = 0.30; end; 
if (isempty(SIGMA)) SIGMA = 1.0; end; 
if (isempty(MU)) MU = 2.0; end; 
if (isempty(conf_level)) conf_level = 95; end; 
if (isempty(iterations)) iterations = 10000; end; 
if (isempty(pop)) pop = 20000; end; 
 
estimates = zeros(iterations,1); 
no_detect = zeros(iterations,1); 
percent_diffs = zeros(iterations,1); 
mean_prob = zeros(iterations,1); 
 
for i=1:iterations 
 [a,b,c] = fixed_wing_simulator_flock(pop,MU,SIGMA,open,brush); 
 estimates(i) = a; 175  percent_diffs(i) = (estimates(i)-pop)/pop; 
 no_detect(i) = b; 
 mean_prob(i) = c; 
end; 
 
L = (100-conf_level)/2; 
U = 100-L; 
 
CI_est = prctile(estimates,[L,U]); 
CI_percent = prctile(percent_diffs,[L,U]); 
 
return; 
 
 
 
 
 

 



Script 3.  MatLab® scripts written to simulate surveys of Rio Grande wild turkeys from helicopters in the Texas Rolling 
 
Plains. 
 
 
% HELICOPTER_SIMULATOR: Uses simulated data with flock count errors to simulate helicopter surveys. 
% 
%  Usage: [estimate,no_det] = helicopter_simulator({pop},{MU},{SIGMA}) 
% 
%  pop = optional population size [default = 25000]. 
%  MU = optional parameter for random generator based on the lognormal distribution [default = 2.0]. 
%  SIGMA = optional parameter for random generator based on the lognormal distribution [default = 1.0]. 
%  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
%  estimate = estimated population size of the simulated data. 
%  no_det = the number of flocks generated in the simulated data. 
 
% Matthew J. Butler 
% 08-October-2006 
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function [estimate,no_det] = helicopter_simulator(pop,MU,SIGMA) 
 
if (nargin < 3) SIGMA = []; end; 
if (nargin < 2) MU = []; end; 
if (nargin < 1) pop = []; end; 
 
if (isempty(SIGMA)) SIGMA = 1.0; end; 
if (isempty(MU)) MU = 2.0; end; 
if (isempty(pop)) pop = 25000; end; 
 
flock = []; 
go = 0; 
 
while go < 1 
 flk = ceil(lognrnd(MU,SIGMA)); 
 if flk <101 
  flock = [flock;flk]; 

 



Script 3.  Continued. 
 
 
 end; 
 total = sum(flock); 
 if total == pop 
  go = 1; 
  [R,C] = size(flock); 
  no_flock = R; 
 end; 
 if total > pop 
  go = 1; 
  [R,C] = size(flock); 
  fix = total - pop; 
  flock(R,C) = flock(R,C)-fix; 
  no_flock = R; 
 end; 
end; 177  
no_6 = round(no_flock*0.67); 
no_5 = round(no_flock*0.27); 
no_4 = no_flock - no_6 - no_5; 
 
x = unifrnd(0.95,1.0,no_6,1); 
y = unifrnd(0.80,0.95,no_5,1); 
z = unifrnd(0.60,0.80,no_4,1); 
adj = [x;y;z]; 
 
flock = round(flock.*adj); 
prob = (binornd(19,0.9474,1,1))./19; 
no_det = floor(no_flock*prob); 
cumsums = cumsum(flock); 
est = cumsums(no_det); 
estimate = floor(est/0.9474); 
 
return; 

 



Script 3.  Continued. 
 
 
% HELICOPTER_MC: Uses the helicopter_simulator function in a Monte Carlo simulation. 
% 
%  Usage: [estimates,percent_diffs,no_detect,CI_est,CI_percent] = helicopter_mc({pop},{iterations},{conf_level},{MU},{SIGMA}) 
% 
%  pop = optional population size [default = 25000]. 
%  iterations = optional variable indicating the number of iterations [default = 10000]. 
%  conf_level = percent confidence interval desired [default = 95%]. 
%  MU = optional parameter for random generator based on the lognormal distribution [default = 2.0]. 
%  SIGMA = optional parameter for random generator based on the lognormal distribution [default = 1.0]. 
%  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
%  estimates = [N x 1] vector of simulated estimates. 
%  percent_diffs = [N x 1] vector of simulated percent differences. 
%  no_detect = [N x 1] vector of number of flocks detected. 
%  CI_est = confidence interval of simulated estimates. 
%  CI_percent = confidence interval of simulated percent differences. 178  
% Matthew J. Butler 
% 08-October-2006 
 
function [estimates,percent_diffs,no_detect,CI_est,CI_percent] = helicopter_mc_fer(pop,iterations,conf_level,MU,SIGMA) 
 
if (nargin < 5) SIGMA = []; end; 
if (nargin < 4) MU = []; end; 
if (nargin < 3) conf_level = []; end; 
if (nargin < 2) iterations = []; end; 
if (nargin < 1) pop = []; end; 
 
if (isempty(SIGMA)) SIGMA = 1.0; end; 
if (isempty(MU)) MU = 2.0; end; 
if (isempty(conf_level)) conf_level = 95; end; 
if (isempty(iterations)) iterations = 10000; end; 
if (isempty(pop)) pop = 20000; end; 
 

 



Script 3.  Continued. 
 
 
estimates = zeros(iterations,1); 
no_detect = zeros(iterations,1); 
percent_diffs = zeros(iterations,1); 
 
for i=1:iterations 
 [a,b] = helicopter_simulator_fer(pop,MU,SIGMA); 
 estimates(i) = a; 
 percent_diffs(i) = (estimates(i)-pop)/pop; 
 no_detect(i) = b; 
end; 
 
L = (100-conf_level)/2; 
U = 100-L; 
CI_est = prctile(estimates,[L,U]); 
CI_percent = prctile(percent_diffs,[L,U]); 179  
return; 

 



Script 4.  MatLab® scripts written to simulate surveys of Rio Grande wild turkeys from road based distance sampling in the 
 
Texas Rolling Plains. 
 
 
% ROAD_SIMULATOR: Uses simulated data and detection probabilities from the logistic regression models and the percent of a flock detected from 
%      the linear models and then creates a data set of detected flocks from road surveys. 
% 
% Usage: [data,no_detected,no_flock] = road_simulator(season,{no_tran},{tranlength},{density},{mu},{sigma}) 
% 
%  season = an indicator variable [fall = 1, winter = 2]. 
%  no_tran = optional number of transects [default = 60]. 
%  tranlength = optional transect length [default = 32]. 
%  density = optional population density [default = 24]. 
%  mu = optional parameter for flock size random generator based on the lognormal distribution [default = 2.0]. 
%  sigma = optional parameter for flock size random generator based on the lognormal distribution [default = 1.0]. 
%  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
%  data = a data set of detected flocks; data includes area, transect number, transect length, flock size, distance, and adjusted flock 
      size. 
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%  no_detected = number of simulated flocks detected. 
%  no_flock = number of simulated flocks. 
 
% Matthew J. Butler 
% 24-October-2006 
 
function [data,no_detected,no_flock] = road_simulator(season,no_tran,tranlength,density,mu,sigma) 
 
if (nargin < 6) sigma = []; end; 
if (nargin < 5) mu = []; end; 
if (nargin < 4) density = []; end; 
if (nargin < 3) tranleng = []; end; 
if (nargin < 2) no_tran = []; end; 
 
if (isempty(sigma)) sigma = 1.0; end; 
if (isempty(mu)) mu = 2.0; end; 
if (isempty(density)) density = 24; end; 

 



Script 4.  Continued. 
 
 
if (isempty(tranlength)) tranlength = 32; end; 
if (isempty(no_tran)) no_tran = 60; end; 
 
area = no_tran*tranlength*0.2; 
pop = area*density; 
 
flock = []; 
go = 0; 
 
while go < 1 
 flk = ceil(lognrnd(mu,sigma)); 
 if flk < 101 
  flock = [flock;flk]; 
 end; 
 total = sum(flock); 181  if total == pop 
  go = 1; 
  [R,C] = size(flock); 
  no_flock = R; 
 end; 
 if total > pop 
  go = 1; 
  [R,C] = size(flock); 
  fix = total - pop; 
  flock(R,C) = flock(R,C)-fix; 
  no_flock = R; 
 end; 
end; 
 
dist = rand(no_flock,1)*100; 
 
tran = ceil(rand(no_flock,1)*no_tran); 
 

 



Script 4.  Continued. 
 
 
simdata = [tran,flock,dist]; 
 
if season == 1 
 probs = zeros(no_flock,1); 
 for i=1:no_flock 
  a = exp(-0.13434+(0.05534*(simdata(i,2)))-(0.03108*(simdata(i,3)))); 
  b = 1+exp(-0.13434+(0.05534*(simdata(i,2)))-(0.03108*(simdata(i,3)))); 
  probs(i) = a/b; 
 end; 
else 
 probs1 = zeros(no_flock,1); 
 probs2 = zeros(no_flock,1); 
 for i=1:no_flock 
  a = exp(1.67504+(0.02059*(simdata(i,2)))-(0.03240*(simdata(i,3)))); 
  b = 1+exp(1.67504+(0.02059*(simdata(i,2)))-(0.03240*(simdata(i,3)))); 

182   probs1(i) = a/b; 
 end; 
 for i=1:no_flock 
  a = exp(1.99975-(0.03263*(simdata(i,3)))); 
  b = 1+exp(1.99975-(0.03263*(simdata(i,3)))); 
  probs2(i) = a/b; 
 end; 
 probs = (probs1*0.439)+(probs2*0.561); 
end; 
 
mean_probs = mean(probs); 
 
cumprobs = cumsum(probs); 
 
x = cumprobs(no_flock); 
 
index = []; 
 

 



Script 4.  Continued. 
 
 
for i=1:round(mean_probs*no_flock) 
 random_num = x*rand; 
 testvect = random_num > cumprobs; 
 index = [index;sum(testvect)+1]; 
end; 
 
detect_data = [simdata(index,1),simdata(index,2),simdata(index,3)]; 
 
[no_detected,q] = size(detect_data); 
 
if season == 1 
 prct_flock1 = detect_data(:,2).*exp(-0.55247); 
 prct_flock2 = detect_data(:,2).*exp(-0.10646-(0.02140.*(detect_data(:,2)))); 
 prct_flock3 = detect_data(:,2).*exp(-0.47551-(0.00281.*(detect_data(:,3)))); 
 prct_flock4 = detect_data(:,2).*exp(-0.06332-(0.02114.*(detect_data(:,2)))-(0.00177.*(detect_data(:,3)))); 183  prct_flock = (prct_flock1*0.479)+(prct_flock3*0.521); 
 fprct_flock = (prct_flock2*0.682)+(prct_flock4*0.318); 
 adjustment = prct_flock./detect_data(:,2); 
 adj_flock = ceil(fprct_flock./adjustment); 
else 
 prct_flock1 = detect_data(:,2).*exp(-0.20804); 
 prct_flock3 = detect_data(:,2).*exp(-0.05497-(0.00509.*(detect_data(:,3)))); 
 prct_flock4 = detect_data(:,2).*exp(0.12245-(0.00955.*(detect_data(:,2)))-(0.00567.*(detect_data(:,3)))); 
 prct_flock = (prct_flock1*0.001)+(prct_flock3*0.999); 
 fprct_flock = prct_flock4; 
 adjustment = prct_flock./detect_data(:,2); 
 adj_flock = ceil(fprct_flock./adjustment); 
end; 
 
detect_data = [detect_data,adj_flock]; 
 
tranlengs = (ones(no_detected,1))*(tranlength); 
 

 



Script 4.  Continued. 
 
 
data = [(ones(no_detected,1)*area),detect_data(:,1),tranlengs,detect_data(:,2),detect_data(:,3),detect_data(:,4)]; 
 
for k=1:no_tran 
 h = ismember(data(:,2),k); 
 if sum(h) < 1 
  s = [area,k,tranlength,NaN,NaN,NaN]; 
  data = [data;s]; 
 end; 
end; 
 
return;
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Script 4.  Continued. 
 
 
% ROAD_MC: Uses the road_simulator function in a Monte Carlo simulation. 
% 
%  Usage: [data,no_detect,no_flocks] = road_mc(season,{iterations},{no_tran},{tranlength},{density},{mu},{sigma}) 
% 
%  season = an indicator variable [fall = 1, winter = 2]. 
%  iterations = optional variable indicating the number of iterations [default = 1000]. 
%  no_tran = optional number of transects [default = 60]. 
%  tranlength = optional transect length [default = 32]. 
%  density = optional population density [default = 24]. 
%  mu = optional parameter for flock size random generator based on the lognormal distribution [default = 2.0]. 
%  sigma = optional parameter for flock size random generator based on the lognormal distribution [default = 1.0]. 
%  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
%  data = a data set of detected flocks; data includes iteration, area, transect number, transect length, real flock size, distance, and 
%      flock size adjusted for individual detection. 
%  no_detect = vector of number of simulated flocks detected. 185 %  no_flocks = vector of number of simulated flcoks. 
 
% Matthew J. Butler 
% 24-October-2006 
 
function [data,no_detect,no_flocks] = road_mc(season,iterations,no_tran,tranlength,density,mu,sigma) 
 
if (nargin < 7) sigma = []; end; 
if (nargin < 6) mu = []; end; 
if (nargin < 5) density = []; end; 
if (nargin < 4) tranleng = []; end; 
if (nargin < 3) no_tran = []; end; 
if (nargin < 2) iterations = []; end; 
 
if (isempty(sigma)) sigma = 1.0; end; 
if (isempty(mu)) mu = 2.0; end; 
if (isempty(density)) density = 24; end; 
if (isempty(tranlength)) tranlength = 32; end; 

 



Script 4.  Continued. 
 
 
if (isempty(no_tran)) no_tran = 60; end; 
if (isempty(iterations)) iterations = 1000; end; 
 
no_detect = zeros(iterations,1); 
no_flocks = zeros(iterations,1); 
data = []; 
 
for it=1:iterations 
 [a,b,c] = road_simulator(season,no_tran,tranlength,density,mu,sigma); 
 d = [ones(length(a),1)*it,a]; 
 data = [data;d]; 
 no_detect(it) = b; 
 no_flocks(it) = c; 
end; 
 186 return; 

 



Script 5.  The input command file used to run the multiple covariate distance sampling 
 
(MCDS) engine as a stand-alone Fortran program for analyzing the simulated road survey 
 
data for Rio Grand wild turkeys in the Texas Rolling Plains. 
 
 
C:\output.txt 
C:\log.txt 
C:\stats.txt 
None 
C:\plots.tmp 
Options; 
Type=Line; 
Length /Measure='Kilometer'; 
Distance=Perp /Measure='Meter'; 
Area /Units='Square Kilometer'; 
Object=Cluster; 
SF=1.0; 
Selection=Sequential; 
Lookahead=1; 
Maxterms=5; 
Confidence=95; 
Print=none; 
End; 
Data /Structure=Flat; 
Fields=STR_LABEL, STR_AREA, SMP_LABEL, SMP_EFFORT, SIZE, DISTANCE; 
Infile=C:\data.txt /NoEcho; 
End; 
Estimate; 
Distance; 
Density=All; 
Density=Stratum /Design=Strata /Weight=Area; 
Encounter=Stratum; 
Detection=Stratum; 
Size=Stratum; 
Estimator /Key=UN /Adjust=CO /Criterion=AICc; 
Estimator /Key=HN /Adjust=CO /Criterion=AICc; 
Estimator /Key=HA /Adjust=CO /Criterion=AICc; 
Monotone=Strict; 
Pick=AICc; 
GOF; 
Cluster /Bias=GX; 
VarN=Empirical; 
End; 
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