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Wild turkeys have rebounded from widespread overharvest and habitat destruction 

during the early 1900s.  Increased turkey abundance has made them a popular game 

species, and research continues to determine beneficial habitat management practices.  

Presently, the effectiveness of habitat management practices is difficult to quantify 

because there is no widely accepted method to survey wild turkey abundance.   

I tested a survey design used by the Florida Fish and Wildlife Conservation 

Commission (FWC) that uses a grid of camera-traps separated by at least 1,600 m.  I used 

colored leg bands and mark-resight software to estimate the turkey population density  on 

Caravelle Ranch Wildlife Management Area and Ordway-Swisher Memorial Preserve 

during 6 surveys over 3 years.  I compared detection probabilities between areas and 

years, and used linear regression to analyze the relationship between the number of 

turkeys on each area and the number of events derived from the surveys.   

Results from the surveys showed that detection probabilities were markedly 

different for the two study areas, likely due to a difference in average home range size.   
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Estimated home-ranges were larger for turkeys on Ordway Preserve, a common correlate 

of inferior habitat quality.  High variation in the birds’ response to the camera-traps once 

detected resulted in a poor correlation between the number of events and the test 

population.  Because of variability in initial detection probability and response to the 

camera-traps once detected, camera-trap surveys utilizing a grid with 1,600 m between 

camera-traps are of limited use to index turkey populations. 
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CHAPTER 1 
INTRODUCTION 

 
The wild turkey (Meleagris gallopavo) is a large gallinaceous bird with a historic 

range that extended through what are now 39 continental states and the Canadian 

province of Ontario (Schorger 1963).  Overharvest and habitat degradation caused 

reduced populations in the past, including a complete loss of wild turkeys in 19 states 

during the 1940s and 1950s (Lewis 2001).  Turkey populations have recovered in many 

areas due to translocation of wild turkeys and regenerating forests.  The continental wild 

turkey population was approximately 5.4 million individuals in 1999 (Tapley et al. 2001) 

with viable populations in Canada, Mexico, and all U.S. states except Alaska (Dickson 

2001). 

The successful comeback of the wild turkey has enabled state agencies to allow a 

limited harvest through spring and/or fall hunting seasons.  In recent years, approximately 

2.7 million hunters harvested 740,000 wild turkeys annually (Dickson 2001).  The 

interest in turkeys and turkey hunting have prompted land managers to focus more 

attention on increasing their turkey populations by manipulating harvest, food plots, 

nesting cover, brooding cover and roosting sites.  The effectiveness of these activities is 

measured by the response of the turkey population.     

A problem is, however, there is presently no widely accepted population survey 

method for wild turkeys (Vangilder 1992).  Biologists have expressed the importance of 

developing a survey method for turkeys for many years (Mosby 1949, Mosby 1967, 
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Lewis 1973, Menzel 1975, Wunz and Shope 1980, Willams and Austin 1988, Williams 

1992).  The successful design of a turkey survey technique that detects changes in 

population size will allow managers to set hunting regulations and quantify the 

effectiveness of their habitat management activities with greater confidence (Williams 

and Austin 1988, Kurzejeski and Vangilder 1992).   

Population attributes for wild turkeys have been estimated using the number of 

harvested gobblers, harvest/effort, gobblers heard/day, and capture-recapture (Lint et al. 

1995).  These methodologies have their shortfalls.  The number of harvested gobblers and 

harvest/effort indices require that the population is hunted, and offer little inference about 

the female segment of the population in areas where only males are hunted.  The number 

of gobblers heard per day requires intensive data collection, a road or trail system, and 

may not correlate with the number of gobblers in the area (Lint et al. 1995).  Population 

estimation using capture-recapture requires extensive manpower (DeYoung and Priebe 

1987).  Weinstein et al. (1995) investigated 2 mark-recapture and 2 mark-resight models 

for turkeys in Mississippi, and had inadequate sample sizes even though they had 

invested substantial time and money to the effort.  A Florida study utilizing a graduate 

student, 2 biologists, and a $100,000 budget was unable to mark a large percentage of 

their study area’s turkey population (Cobb et al. 2000). When compared with harvest-

based indices of turkey abundance, mark-recapture studies for turkeys have been shown 

to be more expensive (Lint et al. 1995).   

Wild turkeys respond well to baiting, and researchers have used this to develop a 

survey technique that involves driving by baited sites and noting the number of turkeys 

(Bartush et al. 1985, Hayden 1985).  This survey method was improved with the addition 
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of infrared-triggered camera-traps, which allowed constant surveillance of the bait site 

without biologists having to be present.  Cobb et al. (1996) compared the cost of transect 

surveys with infrared camera-trap surveys and found that the infrared camera-trap 

surveys required less than half the time to conduct.  The increasing availability and 

reduced prices of commercially made remote-triggered cameras has made them an 

attractive tool for wild turkey biologists.   

The wild turkey is an elusive bird that usually lacks identifiable characteristics and 

often avoids detection.  I marked a sample of turkeys and used a mark-resight study 

design utilizing camera-traps to estimate the banded turkey population on 2 study areas 

over a 3-year period.  By comparing the birds’ responses to the camera-traps on different 

areas and in different years, the goal was to evaluate the utility of camera-traps as a wild 

turkey index technique.   

Study Sites 

Caravelle Ranch Wildlife Management Area 

Caravelle Ranch Wildlife Management Area (Caravelle Ranch) is located in 

Putnam County in Northeast Florida (Figure 1-1).  My study area was on a 6,128-ha 

southern portion of the area (Figure 1-2).  Much of the traditional pine flatwoods of 

Caravelle Ranch was logged and converted to pasture before the state purchased the land.  

The roads and ditches from the preceding cattle operation remain throughout much of the 

property, and the state continues to lease grazing rights to much of the study area.   

The upland portion of Caravelle Ranch is characterized by an overstory of slash 

pine (Pinus elliottii var. elliottii) and scattered oak trees (Quercus spp.). Saw-palmetto 

(Serenoa repens), gallberry (Ilex spp.), and wax myrtle (Myrica cerifera) constitute much 

of the understory.  A large portion of the uplands is moderately-grazed pasture.     
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Caravelle Ranch is bordered by the Ocklawaha River to the south and the St. Johns 

River to the east.    River swamps that are frequently inundated extend from each of these 

rivers into the study area.  These lowland areas have a mixed overstory consisting 

primarily of bald cypress (Taxodium distichum), red maple (Acer rubrum) and cabbage 

palm (Sabal palmetto). 

Caravelle Ranch is open to non-motorized public access during non-hunting 

seasons, and allows vehicle access during hunting seasons.  The area allows a limited 

number of turkey hunters to access the area for each spring turkey season.   Four dove-

fields are planted annually with various grains, and several small openings and firebreaks 

are routinely planted as food plots on the area.   

Ordway-Swisher Memorial Preserve 

The Ordway Preserve-Swisher Memorial Preserve (Ordway Preserve) is located in 

Putnam County in North-central Florida (Figure 1-1).  My study area included the entire 

3,528- ha preserve (Figure 1-3).  Ordway Preserve was used primarily as a hunting and 

fishing retreat for the Swisher family prior to being acquired by the University of Florida 

Foundation and the Nature Conservancy in 1980.   

Much of the area consists of sandhill (1366 ha) with a longleaf pine (Pinus 

palustris) and turkey oak (Quercus laevis) overstory and wiregrass (Aristida stricta) 

groundcover.  Xeric hammock (527 ha), basin marsh (483 ha), upland mixed forest (334 

ha), sandhill upland lake (303 ha), clastic upland lake (243 ha), ruderal (173 ha), pine 

plantation (66 ha) and baygall (33 ha) make up the balance of the habitat 

Ordway Preserve is used primarily for research, and is not open to the general 

public.  No hunting of any kind is allowed, and no food plots are planted to attract 

wildlife.   
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Objectives 

The objectives of this study were to determine: 

1. The optimum spacing and distribution of remote cameras to derive a reliable 
population estimate or index, 

2. The effective radius of baited camera stations, 

3. The best estimate of turkey population size, and, 

4. The optimal pre-baiting and duration of survey.  
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Figure 1-1:  Location of study sites in north-central Florida 
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Figure 1-2:  1996 aerial photograph of Caravelle Ranch Wildlife Management Area, 
Putnam Co., FL. 

 



8 

4 0 4 Kilometers

N

 

Figure 1-3:  1996 aerial photograph of Ordway-Swisher Memorial Preserve, Putnam Co., 
FL.   

 
 

 



CHAPTER 2 
INITIAL CAPTURE AND MARKING TECHNIQUE 

Introduction 

Physically marking any wild animal is a practice that should be taken seriously, as 

it may result in stress to the study species.  I considered less intrusive options to achieve 

my objectives, but determined I needed to be able to recognize unique individuals for this 

study.  There is presently no way to mark wild turkeys without physically capturing and 

affixing an identifiable mark on the birds. 

Methods 

Trapping was conducted during the fall and winter months of 2003, 2004, and 

2005.  I began the trapping process by finding openings in the tree canopy large enough 

for rocket nets to deploy without interference from trees and limbs.  The potential trap 

sites were cleared of tall grass and brush.  I baited the site, and spread a continuous line 

of cracked corn several hundred meters away from the bait site.  I monitored the sites, 

and re-baited them when needed.   

When one of the sites was consistently visited by turkeys, I set up a rocket net 

approximately 1 m from the bait, and constructed a blind nearby with an unobstructed 

view of the baited site.  The net, wires, and rockets were covered with leaves to prevent 

detection by the turkeys. 

I used up to 5 nets per day when I had sufficient turkey activity and volunteers.  I 

only attempted to trap birds when temperatures were below 22° C to reduce the 

likelihood of capture myopathy (Nicholson et al. 2000), and did not trap during or 
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immediately after rains to minimize feather loss.  A chase truck communicated with the 

blinds via radio, and responded to net firings immediately.  The chase truck carried all of 

the supplies and manpower necessary to collect biological data, band, and radio-tag the 

turkeys.  I made an effort to trap turkeys throughout both  study areas.  All personnel and 

volunteers responsible with firing the rocket net were instructed to only fire when all of 

the birds’ heads were down and feeding, and to not fire if the majority of the birds 

feeding on the bait were already banded.     

After capturing turkeys, I immediately placed them in cardboard holding boxes.  To 

band turkeys, I removed them from the holding box and placed a sock over their head to 

reduced stress.  One person held the turkey with one arm under the breast and the other 

grasping the tarsi (Figure 2-1), while another person placed bands on the legs.  I placed 

up to 3 plastic colored leg bands on one leg, and one numbered aluminum band on the 

other.  The plastic colored leg bands were glued using PVC cement.  All color 

combinations were unique within sexes.  During the first year of the study, both males 

and females were banded with size 11 colored leg bands.  It was thought that the bands 

would stay partially uncoiled on the male’s legs, while remaining tightly coiled on the 

female’s legs.  This idea was abandoned after observing several males limping, favoring 

the leg with no colored leg bands.  During years 2 and 3, males were fitted with size 13 

colored leg bands.  I continued to see limping birds on a few occasions, but it was 

unknown which band sizes they had. Because I had limited data about how many banded 

birds were required to achieve adequate confidence intervals, I banded as many birds as 

time and manpower would allow.   
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A subset of the turkeys was equipped with backpack-style radio-transmitters.  The 

transmitters weighted 69 g, which is less than 2.4% of the body weight of the lightest 

turkey radio-tagged during this study.  I used bungee cord (shock cord) to attach the 

transmitters to the turkeys.  I weighed, aged and sexed the turkeys before releasing them 

at the point of capture.     

The durability of the colored leg bands was noted post-release by reviewing the 

camera-survey slides.  Attempts were made to determine the identity of the turkeys 

missing leg bands by looking at the remaining leg bands, radio presence/absence, and by 

reviewing what known turkeys were photographed with the unknown turkey.   

Results 

I captured, marked and released 312 turkeys during the study (Table 2-1).  Most of 

the turkeys were released within 90 minutes after capture (Figure 2-2).  Eight of the 320 

(2.5%) turkeys captured during the study died before they could be released.  Five of 

these deaths were caused by traumatic net injuries.  The 3 remaining deaths were 

apparently caused by acute capture myopathy, although no necropsies were conducted.  

Another source of capture-related mortality was caused by chronic capture myopathy, 

which was only detectable in radio-tagged birds.  I categorized all deaths of radio-tagged 

birds 2 weeks or less post-capture as chronic capture myopathy.  This occurred in 18 of 

75 (24%) radio-tagged birds that were located at least once after release on the 2 study 

areas.  In total, 8% of birds captured died as a result of the trapping process.  Some of the 

turkeys released without radio-tags likely died of chronic capture myopathy, but I can 

only guess this figure by extrapolating the percentage of radio-tagged birds that died.   

The durability of the colored leg bands was apparent after reviewing camera-survey 

slides (Table 2-2) and by observing the band condition of physically recaptured and 
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hunter-killed birds (Table 2-3).  Many of the recaptured turkeys had cracked bands, and 

some cracked outer shells of bands were seen sliding over other bands.  Two hens that 

were recaptured appeared to be missing a band, but closer inspection revealed 2 of their 

colored leg bands had become intertwined with one another (Figure 2-3).  This may have 

been avoided by attaching all bands with the same coil-direction.   

Discussion 

The trapping process is a stressful event to wild turkeys.  Many turkeys captured 

with rocket nets suffer feather loss and abrasions on their backs and wingtips, and some 

mortality occurs.  My observed mortality rates due to trapping are consistent with 

observations from other turkey studies.  In a Colorado study, 33% of wild turkeys 

captured showed signs of capture myopathy (Spraker et al. 1987).  This is an important 

consideration to those who plan on capturing wild turkeys for research or management.  

Studies that require a large portion of the population captured or repeated captures of the 

same birds may negatively impact the population and impact the results of the study.   

Use of plastic colored leg bands for wild turkey males is not recommended if long-

term (≥1 yr)  recognition is required.  Other researchers utilizing these bands with wild 

turkeys have reached a similar conclusion (Williams and Austin 1988).   The wrap-

around soft plastic leg bands have the lowest durability (Anderson 1981).  Band loss was 

recorded in both sexes, but the males were more successful in removing their bands on 

both study areas.  A higher rate of band loss for male turkeys was also seen by Lewis 

(1980), who discontinued using leg bands altogether because band retention was so low, 

especially on adult gobblers.   

During this study, the colored leg bands sometimes cracked in two, with both 

pieces remaining on the turkey’s leg.  The larger, outer piece of the band was found to 
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have slid over other bands on several occasions during the study.  One bird with a split 

band may appear to be many different birds depending on how the bands are situated 

when the bird is resighted.  This results in a more time consuming slide analysis, and may 

result in incorrect resighting results.   

Retention of marks may be better accomplished by using patagial wing tags     

(Knowlton et al. 1964).  Patagial wing tags require the turkey to be nearly broadside to 

the camera-trap to facilitate recognition, which would reduce the likelihood of 

successfully identifying marked turkeys in the camera-trap photographs. 
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Table 2-1.  Number of turkeys successfully trapped and released on Caravelle Ranch and 
Ordway Preserve.   

 
Area Age/Sex Year 1 

(Winter 2002-
2003) 

Year 2 
(Winter 2003-

2004 

Year 3 
(Winter 2004-

2005) 

Total 

Juvenile ♀ 7 4 25 36 
Adult ♀ 32 10 19 61 

Juvenile ♂ 13 15 26 54 

Caravelle 
Ranch 

Adult ♂ 23 13 5 41 
Juvenile ♀ 24 2 4 30 

Adult ♀ 25 14 10 49 
Juvenile ♂ 17 7 3 27 

Ordway 
Preserve 

Adult ♂ 10 0 4 14 
312 
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Table 2-2.  Percentage of banded turkeys missing at least one colored leg band when 
resighted during camera-trap surveys. 

 
 Winter 

2003 
Summer 
2003 

Winter 
2004 

Summer 
2004 

Winter 
2005 

Summer 
2005 

Ordway Preserve 
♀ 

0 0 0 0 0 6 

Caravelle Ranch  
♀ 

0 0 0 0 0 0 

Ordway Preserve 
♂ 

0 22 23 44 38 75 

Caravelle Ranch  
♂ 

0 0 7 25 17 32 
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Table 2-3.  Condition of colored leg bands of turkeys recaptured or harvested. 
Bird ID Sex Method Recovered Days 

since 
banded 

Condition of bands 

C025  ♀ Recaptured and 
released 

727 All bands present, but two 
bands intertwined 

C033  ♀ Recaptured and 
released 

727 All bands present 

C046  ♀ Recaptured and 
released 

747 All bands present, but one 
band (blue) cracked 

C066  ♀ Recaptured and 
released 

740 All bands present, but two 
bands intertwined 

C068  ♂ Recaptured and 
released 

682 One band (yellow) missing, 
one band (red) cracked 

C088  ♂ killed by hunter 421 One band (red) missing 
C091  ♂ killed by hunter 421 All bands present 
C110  ♂ Recaptured and 

released 
356 All bands present but one 

band (orange) cracked 
C110  ♂ killed by hunter 57 (since 

recapture) 
One band (white) missing 

C119  ♂ Recaptured and 
released 

18 All bands present 

C121  ♂ Recaptured and 
released 

12 All bands present 

C139  ♀ Recaptured and 
released 

17 All bands present 

C140  ♂ Recaptured and 
released 

17 All bands present 

67 ♂ Recaptured and 
released 

732 All bands present 

79 ♀ Recaptured and 
released 

403 All bands present 

99 ♂ Recaptured and 
released 

381 All bands present 

 



17 

 
Figure 2-1.  Technique used to hold wild turkey while bands are installed.   
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Figure 2-2.  Temporal distribution of time from capture to release for turkeys handled on 

Caravelle Ranch and Ordway Preserve from 2003-2005. 
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Figure 2-3.  Intertwined colored leg bands on recaptured wild turkey hen.   

 

 



CHAPTER 3 
CAMERA TRAPPING TECHNIQUE 

Introduction 

Camera-traps have been used to estimate population densities of uniquely 

identifiable animals such as bobcats (Lynx rufus) (Heilbrun et al. 2003), tigers (Panthera 

tigris) (Karanth and Nichols 1998) and white-tailed deer (Odocoileus virginianus) 

(Jacobson et al. 1997).  Unique pelt or antler characteristics allow individual distinction, a 

crucial component of all mark-resight models (Minta and Mangel 1989).  Camera-traps 

also have been used to estimate populations of animals that lack variable pelt/antler 

characteristics such as mice (Microtus californicus) (Pearson 1960), wild pigs (Sus 

scrofa) (Sweitzer et al. 2000) and lions (Leo panthera) (Castley et al. 2002).  For these 

studies, a sample of the population must be physically marked prior to the camera-survey. 

If turkeys respond to camera-traps in a consistent way in different areas and different 

years, this technique has the potential to determine the relative abundance of turkeys 

without having to mark a percentage of the population.  An effective survey technique 

should provide the desired precision at a reasonable cost and effort.  If these conditions 

are not met, the survey is not a useful research tool.  By investigating the precision of this 

study design, my objective was to evaluate the value of camera-trapping as a survey 

technique. 

Methods 

I used the TRAILMASTER TM-1500 (Goodson and Associates, Lenexa, Kansas, 

USA) with a modified 35 mm automatic autofocus OLYMPUS camera.    All cameras 

20 
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were loaded with ASA 200 speed 36 exposure slide film.  Cameras were equipped with a 

date-time imprint feature.    The receiver sensitivity was set at 4, and the cameras were 

set to be active from 45 minutes before sunrise to 45 minutes after sunset to reduce 

wasted film caused by nocturnal animals.     

I began the camera-trap process by mapping the camera-trap grid on an area map.  I 

attempted to fit as many cameras into the area while maintaining the minimum distance 

between cameras outlined in the protocol.  Once in the field, I used a handheld GPS to be 

sure that I was at least 1,600 m away from the nearest camera-trap for protocol 1 (Figures 

3-1 and 3-2).  After preliminary analysis of results from the first 3 surveys, I added more 

camera-trap sites to the areas to derive more accurate population estimates.  I set these 

cameras at least 800 m from the nearest camera (Figures 3-3 and 3-4).  Surveys with the 

additional cameras were labeled “protocol 2”.         

The receiver and transmitter for each camera-trap were placed 9 m apart, and the 

infrared beam was set 38 cm from the ground (Figure 3-5).  The cameras were secured to 

posts or trees using duct tape and Velcro strips.  Cameras that were in high cattle use 

areas were protected by single-strand barbed wire fence.  Because I relied on colored leg 

bands to identify individual birds, I trimmed all vegetation in front of the camera to 

prevent bands from being obstructed in the pictures.  To reduce the time elapsed between 

different camera-traps being baited, I set up all of the cameras before beginning the 

baiting process.  I baited each camera-trap with a narrow strip of bait perpendicular to the 

camera-trap to reduce the occurrence of turkeys obstructing the view of other turkey’s 

legs.  The bait was placed midway between the transmitter and the receiver.  In 

accordance with the protocol, a “stringer” of bait was put out 400 m in 2 directions from 
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the camera-trap on the first day of the survey.  I mowed tall grass and weeds along 

stringer routes to ensure the turkeys would follow them to the bait sites.   

When adding the additional camera-sites to the study area for protocol 2, I placed 

them between the existing cameras.  The camera-sites for protocol 1 remained in the 

same places for all 6 surveys, allowing comparisons between all 6 surveys.   

I conducted the surveys annually in late February-March and August (Table 3-

1).To discern the ideal survey length, I ran the first 3 surveys for 21 days.  After these 

surveys, a preliminary analysis of the resight data showed relatively few new resightings 

occurred after the first 12 days (Figures 3-6, 3-7, 3-8, 3-9). The survey period was 

shortened to 12 days for the next 3 surveys, and I only analyzed the number of events 

from the first 12 days for each survey.  I radio-tagged a sub-sample of the banded turkeys 

to estimate the detection rate of turkeys found within the trapping grid.  Detection 

probability of radio-tagged birds was determined by dividing the number of radio-tagged 

birds known to be on the area during the camera-trap surveys by the number of radio-

tagged birds photo-captured.     

Slides were analyzed using a low magnification microscope; date, time, and 

contents of the picture were noted.  Only the turkeys between the transmitter and receiver 

were included in the analysis (Figure 3-10).  Turkeys were often photo-captured several 

times during a single visit to a camera-trap site.  Multiple pictures of the same turkey at 

the same camera-trap site were combined into a single “event” when no more than 1 hour 

had elapsed between pictures.  The number of unbanded turkeys pictured in a survey was 

divided by the banded turkey picture/event ratio to estimate the unbanded turkey events.  

This formula assumes the banded birds and unbanded birds stay at the bait site the same 
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amount of time. All surveys were compared by analyzing the total number of events from 

the initial cameras (protocol 1) set at 1,600-m spacing during the first 12 days of the 

surveys.  The additional data from the added cameras were only used to estimate the 

number of banded and unbanded birds on the area.           

Program CAPTURE 

I did not know how many banded birds were on the study area due to unknown 

emigration and mortality rates.  To estimate the number of banded birds on the study area 

I used the null model in program CAPTURE (White et al. 1978).  I used 21 days from 

protocol 1 surveys and 12 days from protocol 2 surveys in the capture matrices.  A bias of 

the study design was a trap-happy response from some turkeys.  The estimated population 

size is not an identifiable parameter in an unrestricted model when a trap response is 

present.  To avoid bias associated with trap response, I only included the first time a 

marked and identifiable turkey was photo-captured at a specific camera-trap site in the 

capture matrix.   

Program NOREMARK – Bowden’s Estimator 

I used the Bowden’s estimator (Bowden and Kufeld 1995) in NOREMARK to 

estimate the total number of turkeys on the study area during the surveys.  The Bowden’s 

estimator defines the finite population of N to consist of the n marked animals plus the 

remaining N – n unmarked animals present in the study area at the beginning of the 

survey period (Bowden and Kufeld 1995).  Assumptions of the model include: (1) each 

of the N animals had an equal chance of being selected for marking and the n selections 

for marking were made independently of one another; (2) selected animals are marked 

and the sighting process is conducted so that the number of times each marked animal is 

sighted is determined without error; (3) the sighting effort must be of adequate intensity 
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to produce ≥1, and preferably many, sightings of marked animals; (4) the number of 

sightings of unmarked animals is determined without error and includes only sightings of 

the N – n unmarked animals of the population of interest; and (5) the sighting effort is 

conducted independently of the mark status of the animals (Bowden and Kufeld 1995).  

The estimator in NOREMARK uses the capture histories of marked birds to gain 

inference about the unmarked birds seen throughout the surveys.  Bowden’s estimator 

requires that the number of banded birds on the area during the survey be known to 

estimate the total population.  I used the mean banded bird estimate from CAPTURE for 

this parameter.  I used the first 12 days from each survey and utilized the additional 

cameras from protocol 2 for the last 3 surveys to derive the most accurate population 

estimates.     

Radio Telemetry 

Radio-tagged turkeys were monitored with H-antennas and portable TR-2 Telonics 

receivers during the camera-trap surveys.  At least 2 bearings were obtained for each 

radio-tagged turkey, and the best biangulation was used to estimate the turkey’s location.  

All estimated locations were separated by at least 1 hour to minimize temporal 

autocorrelation.  Turkeys with at least 25 locations (Jenrich and Turner 1969) gathered 

during the camera-trap survey were included in the analysis.  Home-range sizes for the 

first 3 survey periods (winter 2003, summer 2003, and winter 2004) were estimated from 

data collected over 21 days, and those for the second 3 survey period (summer 2004, 

winter 2005, and summer 2005) home ranges were estimated from data collected over 12 

days.       

The estimated locations were spatially analyzed using ARCView® GIS software.  

Ninety percent fixed kernel home ranges (Worton 1987) were estimated for turkeys using 
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the HOME RANGE ESTIMATOR extension in ARCView®.  Average home range sizes 

were compared between study sites and between seasons using independent samples T-

tests.   

The survey slides were analyzed to determine the detection probability of radio-

tagged birds during the camera-trap surveys by dividing the number of radio-tagged birds 

known to be on the area during the camera-trap survey by the number of radio-tagged 

birds photo-captured.     

Determining Effective Area Sampled 

It is important for any survey technique to account for the actual area from which 

animals are detected.  Only using the area enclosed by the outermost traps is likely to 

overestimate the population because the traps detect some animals whose range lies 

partially outside the grid (Williams et al. 2002).  

The area effectively sampled by the camera-traps was estimated by buffering each 

camera-trap by one-half the average home range width (Dice 1938) of radio-tagged birds 

for each area using ARCView®.  Average home range width was difficult to quantify 

because fixed kernel home ranges often have irregular boundaries.  I estimated the 

average width by using the radius of a circle with the same area as the home range.               

Results 

Over 14,000 slides were analyzed for the 6 camera-surveys on the 2 study areas 

(Table 3-2).  Protocol 2 averaged more slides per survey on average (1,401) than protocol 

1 (974).  The baiting and camera setup effectively photo-captured turkeys while 

minimizing photo-captures of non-target animals.  Wild turkeys were the most common 

animal photo-captured for all surveys except during the Ordway Preserve summer 

surveys (Table 3-3).   
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Number of pictures per event ranged from 1 to 17, with 48% of the events made up 

of only 1 picture (Figure 3-11), and 95% of the events were made up of 5 or fewer 

pictures.  The average number of pictures per event was 2.16.  The first time the turkeys 

were photo-captured, they averaged 1.72 pictures/event and the average number of 

pictures/event increased when the turkeys were photo-captured on subsequent visits 

(Figure 3-12).   

Comparison of home ranges collected during summer surveys with those collected 

during winter surveys on Caravelle Ranch (Figure 3-13) found significantly larger home 

ranges during winter for both females and males (Independent Samples T-test: P=0.025, 

P=0.015, respectively) .  Home ranges collected on Ordway Preserve (Figure 3-14) 

showed no significant differences between the seasons for females or males (Independent 

Samples T-test: P=0.232, P=0.512, respectively).   

Female turkeys on the Ordway Preserve had significantly larger home ranges than 

Caravelle Ranch females during both summer and winter camera-trap surveys 

(Independent Samples T-test: P=0.005, P=0.044, respectively) (Figure 3-15).  Male 

turkeys on the Ordway Preserve had significantly larger home ranges than Caravelle 

Ranch males during both summer and winter camera-trap surveys (Independent Samples 

T-test: P= 0.003, P=0.003, respectively) (Figure 3-16).    

Differences in average home-range size resulted in different effective areas 

sampled for the 2 study sites.  The 1,600-m camera-trap grid for Caravelle Ranch had 

incomplete coverage for both females and males (Figure 3-17).  The effective area 

sampled was 2,175 ha for females and 2,933 ha for males.   Protocol 2 resulted in more 

continuous coverage on the eastern side of the study area where more cameras were 
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added to the trapping grid (Figure 3-18).  This increased the effective area sampled 35% 

to 2,930 ha for females and 17% to 3,436 ha for males.   

Protocol 1 provided continuous coverage of Ordway Preserve for both males and 

females (Figure 3-19).  Effective area sampled for females and males was 3,842 ha and 

4,951 ha, respectively, using 1,600-m spacing between cameras.    Protocol 2 did not 

change the effective area sampled significantly from protocol 1 (Figure 3-20).  The 

effective area sampled for females increased 6% to 4,058 ha and the effective area for 

males increased 3% to 5,117 ha.   

Protocol 2 resulted in a higher percent increase of resighted birds for Caravelle 

Ranch than Ordway Preserve for both males and females (Table 3-4).  Detection rate of 

radio-tagged birds was higher on average on Ordway Preserve (Table 3-5).  Estimated 

number of banded birds on the area (Table 3-6) compared with the number of banded 

birds resighted during the survey showed detection probabilities were higher on Ordway 

Preserve than on Caravelle Ranch (Figure 3-21).     

The relationship between the number of events of banded turkeys and the number 

of banded turkeys resighted was not significant for males in summer (P=0.569) and males 

in winter (P=0.596) using linear regression (Figures 3-22, 3-23).  Linear regressions for 

females in summer (P=0.034) and females in winter (P=0.001) were significant (Figures 

3-24, 3-25).  The regressions using the number of banded turkey events to predict the 

number of banded turkeys resighted only included those individuals photo-captured at 

least once during the survey, so they do not account for differences in detectability that 

may occur between the surveys.   
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Linear regressions using the total number of site-visits to predict the estimated 

number of turkeys on the area (Table 3-7) were not significant for males during summer 

surveys (P=0.716) (Figure 3-26) and winter surveys (P=0.534) (Figure 3-27).  Caution 

must be used when reviewing these two regressions, because the estimated number of 

turkeys on the area is the mean from a sometimes relatively imprecise output from the 

Bowden’s estimator in program NOREMARK, which uses a sometimes relatively 

imprecise parameter from program CAPTURE.  Imprecise outputs from both programs 

were caused by low and/or variable detection probabilities and variation in the number of 

site visits.  Low detection rates made population estimates for the number of females on 

Caravelle Ranch inestimable (Table 3-7), so linear regressions were not analyzed. 

Discussion 

The two most crucial factors for remote, infrared-triggered cameras to be useful as 

a survey technique for wild turkeys are: (1) the initial detection probability, and (2) the 

number of times the turkeys are photo-captured once detected.  The more consistent these 

two figures are, the more precise the index.  A key component of this survey technique is 

that baiting is used to lure the turkeys to the camera-trap.  It is assumed that the bait 

greatly increased the number of turkeys photographed in the camera-traps.  Factors that 

affect a turkey’s response to the bait may impact the number of events derived from the 

survey.    

Home range size is often an indicator of habitat quality (McNab 1963, Porter 

1977).    Habitat preference is usually positively correlated with the availability of 

suitable food and cover (Williams 1955).  Many researchers have noted that wild turkey 

home ranges depend on the suitability of available resources, especially food supply 

(Mosby and Handley 1943, Ligon 1946, Wheeler 1948, Porter et al. 1983).  The 
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correlation of home-range size and habitat suitability has been observed many times with 

wild turkeys (Exum et al. 1987, Badyaev et al. 1996, Godwin et al. 1996).  Williams and 

Austin (1988) claimed that “small movement, high habitat quality, and high population 

density will be positively and closely correlated.”     

Turkeys with readily accessible high-quality food are likely to have smaller home 

ranges and be less attracted to the baited camera-traps than turkeys with limited food.  

Researchers attempting to capture turkeys for banding using baited net sites have noticed 

an inverse relationship between natural food availability and trapping success (Bailey 

1959).    If researchers were able to survey the amount of natural food in the 

environment, they may be able to make an inference about the home range needed for 

wild turkeys in the area.  Unfortunately, it is difficult to accurately measure the amount of 

natural food in the environment for wild turkeys because they are generalists (Bailey and 

Rinell 1967, Garver 1987).  A Florida study that investigated crop contents of turkeys 

from October through February showed that acorns and pine seeds made up 68.2 percent 

of all food eaten by wild turkeys during the study, with grass seeds and leaves, cabbage 

palm (Sabal palmetto) and black gum (Nyssa spp.) seeds making up much of the balance 

(Schemnitz 1956).  A study of 8 adult turkey crops counted seeds from 24 species of 

plants and animal parts from 39 species (Williams and Austin 1988).   Two researchers 

witnessed two gobblers eat a dark-eyed junco (Junco hyemalis) that was drugged with 

treated bait in Mississippi (Hurst 1992).  The extraordinary array of foods taken by the 

wild turkey makes food availability studies difficult, if not impossible.   

The two sites in my study appeared to vary greatly in their quality of turkey habitat.  

By comparing average home-range size, the pasture and swamp lands of Caravelle Ranch 
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appeared to be more fitting habitat than the upland sandhills of Ordway Preserve.  

Turkeys in Caravelle Ranch had smaller home ranges (Figures 3-15, 3-16) and a lower 

detection rate (Figure 3-21) than turkeys on Ordway Preserve.  For protocol 1, the 

effective area sampled for Caravelle Ranch had large gaps in the middle of the trapping 

grid, where turkeys with the center of their home range inside one of these gaps had a 

zero probability of coming in contact with a camera-trap (Figure 3-17).  This problem did 

not occur on Ordway Preserve (Figure 3-19) because of larger average home range sizes.  

The closer spacing of camera-traps in protocol 2 reduced the number of gaps inside the 

trapping grid for Caravelle Ranch (Figure 3-18).  This difference between the areas may 

explain the difference in Table 3-4, which shows protocol 2 resulted in many more birds 

being resighted at Caravelle Ranch when compared to protocol 1, while protocol 2 added 

relatively few resighted birds on Ordway Preserve.  As detectability approaches 100%, 

adding more traps has a reduced impact on the number of animals detected. 

The difference in effective area sampled between the areas has important 

consequences.  As the habitat improves and turkey home ranges constrict, this survey 

method samples a smaller portion of the study area.  Sampling a smaller area will 

inherently result in a smaller number of events when compared with sampling a larger 

area of similar habitat quality.  

The negative correlation between habitat quality and home range size has 

considerable ramifications for the usefulness of camera-traps as a relative abundance tool.   

First, it prevents comparisons of camera-trap survey results between different areas when 

food resources are not similar for the areas.  Second, it may nullify the comparison of 

camera-trap survey results on a specific area if the amount of alternative foods for turkeys 
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changes significantly.  If an area is improved by planting food-producing plants or by 

improving the understory, the number of events from the camera-trap surveys may 

actually decrease over the years even though the turkey population is increasing (and 

vice-versa).  Managers making turkey habitat management decisions may be led astray 

by the results of a camera-trap survey in this case.  A solution to this problem would be a 

calibration of the survey according to the confounding variable, but the highly variable 

food and cover preferences of the wild turkey may prevent a reliable calibration from 

taking place.   

An example of the poor relationship between the estimated number of turkeys and 

the number of turkeys photographed occurred during the winter 2004 survey, when an 

estimated 38 male turkeys on Ordway Preserve visited camera-traps 345 times, while an 

estimated 122 male turkeys on Caravelle Ranch visited camera-traps 239 times.  The 

number of events suggest there were more male turkeys on Ordway Preserve, while there 

were actually only one-third the number of turkeys when compared with Caravelle 

Ranch.     

The use of indices to estimate changes in populations over time has received some 

negative reviews (Williams et al. 2002).  Their pessimism stems from routinely seeing 

heterogeneous detection probabilities in real-world situations.  They cite research 

conducted by Diefenbach et al. (1994) as an example, where experimental evaluation of 

scent station indices for bobcats (Lynx rufus) found a large range of count statistics for 

similar densities.  It appears that this turkey survey technique follows a similar pattern 

that is nonconducive to detecting changes in the population of interest.   
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Management Implications 

Indices useful in predicting changes in relative abundance should be linear and 

precise (Williams et al. 2002).  Without the colored leg bands and radio-tags used in this 

study, I would only have the number of turkeys on pictures  to estimate the relative wild 

turkey abundance.  This is the situation managers will face when they conduct camera-

trap surveys on their areas.  There must be a monotonic relationship between the number 

of turkeys photographed and the number of wild turkeys on the area for this survey 

technique to be of use.   

An index that fluctuates because of factors other than changes in the actual 

population size of interest is, with no correction factor, useless.  An index that has such 

high variability in detection probability that a substantial change in the population would 

go unnoticed is of limited use.  Because of the variability seen in detection probability 

and the poor correlation between the estimated number of turkeys on the study area and 

the number of events, it is not recommended to use the results from camera-trap surveys 

to index turkey populations.          
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Table 3-1.  Dates of camera-trap surveys. 
Caravelle Ranch  Ordway Preserve  

 Winter Survey 
Dates 

Summer Survey 
Dates 

Winter Survey 
Dates 

Summer Survey 
Dates 

2003 February 27 – 
March 13* 

August 5 – 
August 25 

March 4 – 
March 24 

August 5 – 
August 25 

2004 February 14 – 
March 6 

August 18 – 
August 29 

February 14 – 
March 6 

August 4 – 
August 15 

2005 March 1 – 
March 12 

August 18 – 
August 29 

February 15 – 
February 26 

August 2 – 
August 13 

*Short survey due to scheduled turkey hunt on study site 
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Table 3-2.  Number of pictures collected and analyzed for each camera-trap survey. 
Area Survey Protocol* Number of 

Camera 
Traps 

Pictures 
Analyzed 

Winter 2003 1 11 652 
Summer 2003 1 11 1096 
Winter 2004 1 11 1023 
Summer 2004 2 22 1578 
Winter 2005 2 22 1484 

Caravelle Ranch 

Summer 2005 2 22 1900 
Winter 2003 1 12 932 
Summer 2003 1 12 686 
Winter 2004 1 12 1457 
Summer 2004 2 22 1079 
Winter 2005 2 22 711 
Summer 2005 2 22 1651 

Ordway Preserve 

TOTAL 14249 
*Total number of pictures analyzed for protocol 1 included 21 days, while protocol 2 
included only 12 days 
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Table 3-3.  Percentage of pictures by species using camera-traps baited with cracked corn 
with camera-traps active from dawn until dusk.   

 Caravelle Ranch 
summer 

Caravelle Ranch 
winter 

Ordway Preserve 
summer 

Ordway Preserve 
winter 

wild turkey 68 84 34 72 
white-tailed deer 4 2 59 24 
sandhill crane 8 2 0 0 
cattle 3 5 0 0 
other 17 7 7 4 
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Table 3-4.  Number of marked turkeys resighted using protocol 1 and protocol 2 with 
percent increase of resightings using protocol 2.   

  Summer 2004 Winter 2005 Summer 2005 

protocol 1 4 6 5 
protocol 2 9 28 17 

Caravelle Ranch 
♀ 

% 125 367 240 
protocol 1 13 17 20 
protocol 2 16 30 22 

Caravelle Ranch 
♂ 

% 23 76 10 
protocol 1 12 25 13 
protocol 2 13 26 17 

Ordway 
Preserve ♀ 

% 8 4 31 
protocol 1 9 8 4 
protocol 2 9 8 4 

Ordway 
Preserve ♂  

% 0 0 0 
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Table 3-5.  Detection rates of radio-tagged birds on study areas during camera-trap 
surveys using protocol 1. 

  Winter 
03 

Summer 
03 

Winter 
04 

Summer 
04 

Winter 
05 

Summer 
05 

Number 
tracked 

5 6 10 6 7 1 Caravelle 
Ranch ♀ 

% 
detected 

40 17 10 17 14 0 

Number 
tracked 

5 5 9 8 7 5 Caravelle 
Ranch ♂ 

% 
detected 

40 80 33 38 29 40 

Number 
tracked 

10 6 13 7 5 n/a* Ordway 
Preserve 
♀ % 

detected 
70 67 77 29 20 n/a* 

Number 
tracked 

2 2 2 1 n/a* n/a* Ordway 
Preserve 
♂ % 

detected 
50 0 50 100 n/a* n/a* 

*no radio-tagged turkeys were located on the study area during survey. 
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Table 3-6.  Estimated number of banded turkeys on study areas during the camera-trap 
surveys using the null model in program CAPTURE.   

 Survey (protocol) Mean Confidence 
Interval (95%) 

Precision* 

W03 (1) no recaptures no recaptures no recaptures 
S03 (1) no recaptures no recaptures no recaptures 
W04 (1) no recaptures no recaptures no recaptures 
S04 (2) 47 17-224 4.40 
W05 (2) 50 35-85 1.00 

Caravelle 
Ranch 
♀ 

S05 (2) 135 39-659 4.59 
W03 (1) 29 23-49 0.90 
S03 (1) 27 17-64 1.74 
W04 (1) 43 35-67 0.74 
S04 (2) 20 18-32 0.70 
W05 (2) 37 33-49 0.43 

Caravelle 
Ranch 
♂ 

S05 (2) 27 24-38 0.52 
W03 (1) 46 35-76 0.89 
S03 (1) 27 20-52 1.19 
W04 (1) 39 34-52 0.46 
S04 (2) 19 15-36 1.11 
W05 (2) 26 26-26 0 

Ordway 
Preserve ♀ 

S05 (2) 22 18-37 0.86 
W03 (1) 16 15-25 0.63 
S03 (1) 10 10-18 0.80 
W04 (1) 14 14-17 0.21 
S04 (2) 9 9-9 0 
W05 (2) 8 8-8 0 

Ordway 
Preserve  
♂ 

S05 (2) 4 4-4 0 
*precision= (upper confidence interval – lower confidence interval)/mean 
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Table 3-7.  Estimated number of turkeys (banded and unbanded) on study areas during 
the camera-trap surveys using Bowden’s estimator in program NOREMARK.   

 Survey (protocol) Mean Confidence 
Interval (95%) 

Precision* 

W03 (1) no recaptures no recaptures no recaptures 
S03 (1) no recaptures no recaptures no recaptures 
W04 (1) no recaptures no recaptures no recaptures 
S04 (2) 700 282-1740 2.08 
W05 (2) 246 134-451 1.29 

Caravelle 
Ranch 
♀ 
 

S05 (2) 772 493-1212 0.93 
W03 (1) 104 69-156 0.84 
S03 (1) 74 44-125 1.09 
W04 (1) 122 87-173 0.70 
S04 (2) 82 51-130 0.96 
W05 (2) 87 72-105 0.38 

Caravelle 
Ranch 
♂ 

S05 (2) 80 57-114 0.71 
W03 (1) 59 50-69 0.32 
S03 (1) 72 50-103 0.74 
W04 (1) 56 49-64 0.27 
S04 (2) 50 35-71 0.72 
W05 (2) 44 40-49 0.20 

Ordway 
Preserve ♀ 

S05 (2) 46 36-59 0.50 
W03 (1) 33 22-52 0.91 
S03 (1) 25 18-37 0.76 
W04 (1) 38 28-53 0.66 
S04 (2) 26 18-38 0.96 
W05 (2) 18 15-23 0.44 

Ordway 
Preserve  
♂ 

S05 (2) 21 15-32 0.81 
*precision= (upper confidence interval – lower confidence interval)/mean 
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Figure 3-1.  Caravelle Ranch camera-trap grid, protocol 1 
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Figure 3-2.  Ordway Preserve camera-trap grid, protocol 1 
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Figure 3-3.  Caravelle Ranch camera-trap grid, protocol 2 
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Figure 3-4.  Ordway Preserve camera-trap grid, protocol 2 
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Figure 3-5.  Camera-trap dimensions, side view. 
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Figure 3-6.  Cumulative number of banded female turkeys resighted in camera-traps              
by day on Caravelle Ranch. 
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Figure 3-7.  Cumulative number of banded female turkeys resighted in camera-traps by 
day on Ordway Preserve. 
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Figure 3-8.  Cumulative number of banded male turkeys resighted in camera-traps                 
by day on Caravelle Ranch. 
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Figure 3-9.  Cumulative number of banded male turkeys resighted in camera-traps                    
by day on Ordway Preserve. 
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Figure 3-10.  Sampled area of photographs, aerial view.            
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Figure 3-11.  Number of times banded turkeys were photographed per event using 5-
minute delay between pictures.   
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Figure 3-12.  Average number of pictures as events increase. 
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Figure 3-13.  Average home range sizes during summer and winter camera-trap surveys 

on Caravelle Ranch. 
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Figure 3-14.  Average home range sizes during summer and winter camera-trap surveys 

on Ordway Preserve. 
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Figure 3-15.  Average female home range sizes during summer and winter camera-trap 
surveys on Caravelle Ranch and Ordway Preserve. 
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Figure 3-16.  Average male home range sizes during summer and winter camera-trap 
surveys on Caravelle Ranch and Ordway Preserve. 
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Figure 3-17.  Effective area sampled by camera-traps on Caravelle Ranch with 1,600-

meter spacing between cameras 
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Figure 3-18.  Effective area sampled by camera-traps on Caravelle Ranch with 800-meter 

spacing between cameras.    
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Figure 3-19.  Effective area sampled by camera-traps on Ordway Preserve with 1,600-

meter spacing between cameras. 
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Figure 3-20.  Effective area sampled by camera-traps on Ordway Preserve with 800-

meter spacing between cameras.   
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Figure 3-21.  Detection probabilities observed during surveys using program CAPTURE 

to estimate the number of banded birds on the study area during the surveys.   
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Figure 3-22.  Linear regression of number of banded male turkeys detected and number 
of banded male events on Caravelle Ranch and Ordway Preserve during 
summer surveys using protocol 1.    
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Figure 3-23.  Linear regression of number of banded male turkeys detected and number 
of banded male events on Caravelle Ranch and Ordway Preserve during 
winter surveys using protocol 1.    
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Figure 3-24.  Linear regression of number of banded female turkeys detected and number 

of banded female events on Caravelle Ranch and Ordway Preserve during 
summer surveys using protocol 1.    
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Figure 3-25.  Linear regression of number of banded female turkeys detected and number 

of banded female events on Caravelle Ranch and Ordway Preserve during 
winter surveys using protocol 1.    
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Figure 3-26.  Linear regression of estimated number of male turkeys on study area during 
summer camera-trap surveys and number of events from summer camera-trap 
surveys. 
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Figure 3-27.  Linear regression of estimated number of male turkeys on study area during 
winter camera-trap surveys and number of events from winter camera-trap 
surveys. 
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