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Abstract

The Alabama Department of Conservation and Natural Resources (ADCNR) has
recently initiated research on the eastern wild turkey (Meleagris gallopavo silvestris) population
due to perceived declines in abundance throughout the state. Addressing this concern has
profound effects on the social, economic and legal circumstances associated with Alabama’s
turkey population. The Alabama Cooperative Fish and Wildlife Research Unit (ACFWRU) is
developing a decision support tool to inform and support the ADCNR’s future harvest
regulations. The decision support tool will allow the ADCNR to access the effects of current and
future harvest regulations based on empirical data, and provide a framework to address the
perceived decline. Estimates of annual and seasonal survival are important in understanding the
size, structure, and growth rates of wildlife populations, are a critical component of the decision
support tool, and addressing the perceived decline of wild turkeys in the state of Alabama.
Following a brief introduction in chapter one, I discuss the effects of the capture, handling, and
marking process on wild turkey survival post-capture. The implications of this chapter could
influence the methodologies with which wild turkeys are captured, handled, and marked, as well
as how we analyze monitoring data to estimate survival rates. In chapter three, | provide seasonal
and annual estimates of survival for each age and sex class of wild turkey, as well as identify
potential factors influence survival. In the final chapter, I discuss some general thoughts on wild

turkey survival rates, how we estimate them, and future areas of research.
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CHAPTER I: INTRODUCTION

The Alabama Department of Conservation and Natural Resources (ADCNR) has recently
initiated research on the eastern wild turkey (Meleagris gallopavo silvestris) population due to
perceived declines in abundance throughout the state. Addressing this concern has profound
effects on the social, economic and legal circumstances associated with Alabama’s turkey
population. Each year, 98,000 hunters pursue wild turkeys in Alabama, amass over 1 million
days spent afield, and spend approximately 52 million dollars (Harris 2010) on recreational
activities related to wild turkeys. Part of this annual spending includes license sales, which in
conjunction with federal aid, are the only sources of revenue the ADCNR has to implement
wildlife management projects and initiatives statewide. Furthermore, the ADCNR’s role in the
management and protection of wild turkeys, for a variety of stakeholder groups, is a legal
responsibility established by the North American Model of Wildlife Conservation and the Public

Trust Doctrine (Smith 2011).

The primary method the ADCNR uses to address population declines is changes to
harvest regulations. It has been 32 years (Speake et al. 1985) since the last comprehensive study
of eastern wild turkey demographics in Alabama. Due to the expanding range and population
size of wild turkeys since that time (Vangilder and Kurzejeski 1995), the demographics of turkey
populations have likely changed. To effectively address the perceived decline, the ADCNR
needs current demographic rates and the tools to make informed decisions regarding season

length, timing, and bag limits.

The Alabama Cooperative Fish and Wildlife Research Unit is developing a decision

support tool to inform and support the ADCNR’s future harvest regulations. The decision



support tool will allow the ADCNR to assess the effects of current and future harvest regulations
based on empirical data, and provide a framework to address the perceived decline. The decision
support tool will utilize an adaptive harvest management approach, current estimates of wild

turkey demographic rates, and intensive monitoring programs, to precisely evaluate the effects of

various harvest regulation alternatives.

Before the decision support tool can be used to inform harvest regulation, the status of the
turkey population must be known. The decision support tool helps inform harvest regulations by
estimating the changes in population size, structure, and growth rates under each harvest
regulation alternative. The population processes that influence population size, structure, and
growth rates are survival and productivity (Lebreton et al. 1993). Survival and productivity
influence sex and age distributions, and levels of recruitment into the population (Caughley
1977). Understanding sex and age distributions, as well as recruitment, are necessary to estimate
population trends, and how harvest regulation alternatives may influence those trends. Survival
and productivity rates are expected to vary spatially across landscape types (Pollentier et al.
2014) emphasizing the need to collect these rates across the range of landscapes found in
Alabama. This variation could have profound effects on the harvest regulations recommended

and implemented by the ADCNR in different areas of the state.

Before estimating survival rates, | examine the assumptions used in survival rate
estimation. Most notably, is the assumption that capture, marking, and handling does not
influence annual and seasonal survival. Researchers often assume that survival of radio-marked
wild turkeys is not adversely affected by capture and marking beyond 14-days post-capture
(Roberts et al. 1995, Nguyen et al. 2003, Holdstock et al. 2006, Pollentier et al. 2014). However,

there is little-published information to support this assumption. Not only might demographic



rates be biased by assuming there was no effect of capture on survival after 14 days, but the
impact on the population of study might also become detrimental to the research objectives.
Quantifying the rates and timing of capture-related mortality, as well as determining the factors
that have the greatest influence on capture-related mortality can help address this information
gap. Ecological, environmental, and research protocols are hypothesized to influence post-
capture survival. In the following chapters, I explore how each factor influences post-capture
survival. With this information, I can inform current and future turkey research protocols to

eliminate potential sources of bias in survival rate estimation.

Once | have addressed the assumptions used in survival rate estimation, | estimate annual
and seasonal survival rates. Given the relationship of age and sex to survival and their potential
to affect the number of birds in each class (Caughley 1977), it is important to have accurate and
precise estimates of seasonal survival for each age and sex class. | explore the effects of
biological, environmental, and landscape level factors and identify the factors with the greatest
influence on survival rates. With this information, I can help managers understand the status of
turkey population in Alabama, as well as predict population dynamics and inform effective

management objectives.
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CHAPTER II: POST-CAPTURE SURVIVAL OF EASTERN WILD TURKEYS.
Abstract

Researchers often assume that survival of radio-marked eastern wild turkeys (Meleagris
gallopavo silvestris; hereafter, turkeys) is not adversely affected by capture and marking beyond
14-days post-capture. However, there is little published information to support this assumption.
We captured and marked turkeys (n = 273) over two years and examined their daily survival
rates for 45-days post-capture. We compared models using Akaike’s Information Criterion (AIC)
to determine factors with greatest influence on post-capture survival. We found that the best
approximating model supported the hypothesis that survival odds increased linearly post-capture
and that increasing ambient temperature at the time of capture had an adverse effect on survival.
Post-hoc processing suggested that capture and marking may have adversely affected survival for
approximately 33 days, 19 days longer than the traditionally used 14-day period. The 33-day
post-capture survival rate was 0.71 (SE = 0.03, 95% CI = 0.64-0.76). Additionally, for each day
post-capture, turkeys were 1.06 times more likely to survive (SE = 0.012, 95% CI = 1.03-1.08).
Lastly, for each 5°C increase in temperature at capture, wild turkeys were 0.83 times as likely to
survive (SE =0.08, 95% CI = 0.70-0.99). The duration of post-capture censoring periods has the
potential to bias estimates of survival rates. Addressing these potential biases using empirical
data and biologically defensible hypotheses is critical to improving estimates of turkey

demographics.

Introduction

Capturing, handling, and marking of eastern wild turkeys (Meleagris gallopavo silvestris;
hereafter, turkeys) are often assumed to have no effect on individuals beyond 14-days post-
capture (Roberts et al. 1995, Nguyen et al. 2003, Holdstock et al. 2006, Pollentier et al. 2014). It
is believed that the effects of capture, handling, and marking processes on behavior and vital
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rates are negligible after this time (Nenno and Healy 1979). As a result, a 14-day conditioning
period is often censored from analysis. Making this assumption is necessary for many methods
of data analysis, as failure to account for changes in behavior and vital rates can bias estimates
(Tsai et al. 1999). However, there is little published information to support the 14-day post-
capture censoring practice. Not only might demographic rates be biased by assuming there was
no effect of capture on survival after 14 days, but the impact on the population of study might
also become detrimental to research objectives. Quantifying rates and timing of capture-related
mortality, and determining factors that have greatest influence on capture-related mortality, can
help address this information gap. With a greater understanding of factors that influence
capture-related mortality, we can improve capture protocols and reduce future research-related
mortality. Furthermore, determining duration of time turkeys are at risk of capture-related
mortality will reduce bias in survival rate estimation associated with the capture, handling, and
marking process.

Capture-related mortality includes any source of mortality associated with the capture,
handling and marking process. This includes mortality due to natural processes immediately
during or after capture, mortality caused by injuries sustained during capture, radiotransmitter
effects, or capture myopathy (Arnemo et al. 2006). Mortality related to the capture process is
often minimal, due to the refinement of capture methods over time. Additionally, Nenno and
Healy (1979) and Hernandez et al. (2004) reported that radiotransmitter effects are negligible.
However, the risk of capture myopathy remains a primary concern during and after capture.
Capture myopathy is caused by reduced blood flow to muscles while individuals are restrained
(Spraker et al. 1987), which can lead to a lactic acid buildup in affected muscles and may result

in cellular death (Nicholson et al. 2000). Capture myopathy has been observed in ungulates



(Herbert and Cowan 1971, Beringer et al.1996) and avian species (Windingstad et al.1983,
Dabbert and Powell 1993, Nicholson et al.2000, Rogers et al. 2004). Treatment of wildlife
suffering from capture myopathy has been largely unsuccessful (Businga et al. 2007). Thus,
preventing capture myopathy must be the primary focus. Identifying the factors that influence
capture-related mortality, and developing new procedures is essential to minimizing the adverse
effects of trapping and marking procedures.

Age and sex are both potential factors influencing the risk of capture myopathy in wild
turkeys. A number of physiological responses differ between adults and subadults and are
potential indicators of greater risk of capture myopathy in subadults (Kock et al. 1987). Elevated
internal body temperature, pulse-rate, respiration, and glucose levels have been observed in
subadults, and are indicative of greater stress levels (Kock et al. 1987). Additionally, Herbert
and Cohen (1971) suggest that nutritional deficiencies of dietary selenium may predispose an
individual to a greater risk of capture myopathy. Dietary selenium is used by females in egg
production and developing poults for growth (Cantor and Scott 1974), suggesting that females
and developing poults may be predisposed to dietary selenium deficiency and subject to greater
risk of capture-myopathy. Furthermore, Weinstein et al. (1995) also observed an influence of
capture, marking, and handling on reproductive success, further suggesting that these processes
influence behavior post-capture. Spraker et al. (1987) observed that juvenile birds made up 73%
of all cases of capture myopathy, while adults made up only 17%. This observation supports the
hypothesis that juveniles may be more susceptible to capture myopathy than adult birds.
However, Nicholson et al. (2000) reported no significant difference in capture myopathy rates
between adults and juveniles. Dabbert et al. (1993) noted that in their study of capture myopathy

in mallards (Anas platyrhynchos), that larger openings in nets promoted greater struggle in



captured birds by entangling them in unnatural positions. If smaller turkeys are more likely to
become entangled they may be more susceptible to capture myopathy when compared to larger
individuals.

Uncertainty remains concerning the influence of ambient temperature on post-capture
survival. In Mississippi, environmental factors did not appear to influence post-capture survival
(Miller et al. 1996), whereas studies in Colorado and Oklahoma observed the opposite effect
(Spraker et al.1987, Nicholson et al. 2000). Nicholson et al. (2000) found that increased body
and ambient temperature were positively associated with post-capture mortality rates. As
ambient temperatures increase from 0°C to 20°C, the probability of mortality was approximately
5 times greater (Nicholson et al. 2000). Contrary to the effects of ambient temperature,
Nicholson et al. (2000) observed that relative humidity at the time of capture was negatively
associated with post-capture mortality. Mortality at 40% relative humidity was nearly 4 times as
likely when compared to 90% relative humidity. They suggested that high ambient temperatures
and low relative humidity promoted quicker rates of dehydration, causing additional
physiological stress during trapping procedures.

Method of release and processing time likely played a role in post-capture mortality
(Nicholson et al. 2000). We used two methods of release: (1) group release upon conclusion of
data collection and marking of all captured turkeys, and (2) individual release upon conclusion of
data collection and marking of individual birds. Releasing the flock as a group is believed to help
maintain flock integrity and reduce stress on captured turkeys immediately after capture and
release. However, holding turkeys after they have been marked increased length of time that they
were restrained. Nicholson et al. (2000) observed that as processing time increases, there was an

increased probability of mortality. Releasing marked turkeys individually was believed to



increase the time until flocks can reform, and potentially could increase the susceptibility of
birds to other threats, such as predation, in the meantime. Collecting empirical data from
mortality events within 14-days post-capture, and using that information in a survival analysis
was imperative for understanding mortality related to capture, and identifying means to improve
future trapping efforts.

Currently, information regarding capture-related mortality rates, the factors that influence
them, and duration of time turkeys are at risk of capture-related mortality is limited. Gaining
precise estimates of these effects will allow the development of practices that minimize the
occurrence of capture-related mortality and eliminate potential biases in other forms of survival
analysis.

Study Areas
Barbour County Wildlife Management Area (WMA) was approximately 28km northwest

of Eufaula, Alabama and was contained in Barbour and Bullock counties. It was approximately
11,700 hectares of public land categorized as mixed hardwood forest interspersed with stands of
longleaf (Pinus palustris) and loblolly pine (P. taeda). There were approximately 200 wildlife
openings evenly distributed across the WMA. We defined wildlife openings as clearings in the
forest lacking overstory and midstory components and dominated by grasses, forbs, or crops
planted for the benefit of a variety of wildlife species. Wildlife openings were created by natural
or anthropogenic disturbance. Human development was minimal across the WMA, with most
development concentrated along county road 47 and 49, the only county roads contained in the
WMA boundary. Spring turkey season on Barbour was shorter than the statewide season, with
the first day of spring hunting season beginning 22 March, one week after the statewide start

date.
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James D. Martin Skyline WMA was located 40km North of Scottsboro, Alabama, and
was contained in Jackson County. Skyline WMA was approximately 24,600 ha of public land
classified primarily as hardwood forest with approximately 300 wildlife openings clustered
where topography and access were permissible. Skyline WMA was interspersed with large tracts
of privately owned forest and agriculture land. Additionally, it was the most fragmented of my
study sites in terms of ownership. The turkey season followed statewide regulations set by the
Alabama Department of Conservation and Natural Resources (ADCNR). Spring turkey season
was open from 15 March to 30 April with the permitted harvest of one male per day, and a total
combined of 5 males during the spring season.

Oakmulgee WMA was contained in the Talladega National Forest and was
approximately 15km east of Moundville, Alabama. This WMA was contained in Bibb, Hale,
Perry, and Tuscaloosa counties. It was approximately 18,010 ha of nearly contiguous public
land, with small portions of private land and human development interspersed across the area. It
was comprised of mixed hardwood forest interspersed with longleaf and loblolly pine stands.
There were approximately 100 wildlife openings. There was a moderate density of human
development across the study area, primarily in the form of churches and privately owned
parcels of land. The spring turkey season followed statewide timing and bag limit regulations.

Methods

Data Collection

In the spring (February-March) and summer/fall (July-October) of 2015-16, we captured
turkeys at all three study areas. We focused trapping efforts on baited game cameras sites,
deployed over wildlife openings, using cannon nets (Dill and Thornsberry 1950) and walk-in

traps. Upon capture, we removed all turkeys from the net or walk-in trap and placed them in
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holding boxes. We determined age by observing the molting pattern of rectrices and barring of
the ninth and tenth primary wing feathers (Pelham and Dickson 1992). We determined sex by
observing the shape and coloration of breast feathers, presence of metatarsal spurs, and
presence/absence of a beard (Pelham and Dickson 1992). Each turkey received an appropriately
sized aluminum leg band (National Band and Tag Co., Newport, KY) with a unique
identification number, secured with a rivet (Diefenbach et al. 2009). Additionally, we fitted
captured turkeys with a 76g back-mounted (Kurzejeski et al. 1987), encoded, very high
frequency (VHF) radiotransmitter (model # A1540C, Advanced Telemetry Systems, Inc., Isanti,
MN). We deployed larger radiotransmitters with additional GPS location and activity logging
capabilities (96g, model # W510-Wildlink Loggers) on a subset of female turkeys. Activity was
recorded as number of times the radiotransmitters’ onboard accelerometer was tripped in the 15

minutes prior to location logging.

We recorded the method of capture, method of release, and total handling time (minutes)
for each turkey. Cannon nets and walk-in traps were the only methods of capture used. Method
of release was limited to single or group release. When we released turkeys alone, we released
them immediately after marking. When we released turkeys in groups, we held them in plywood
boxes until all captured birds had been processed, and we released all individuals
simultaneously. We calculated total handling time as time of capture until time of release. We
recorded capture time as the arrival time at a walk-in trap or time of net deployment. We used
ambient temperature (°C) and relative humidity (%) at time of capture from the nearest National
Oceanic and Atmospheric Administration (NOAA) weather station. Environmental data for
BWMA, OWMA, and SWMA was collected from Weedon Field Airport in Eufaula, Al,

Tuscaloosa Regional Airport in Tuscaloosa, Al, and Scottsboro Airport in Scottsboro, AL,
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respectively. The NOAA weather stations used in this study were <32km away from our study

sites.

We monitored fate (alive or dead) of turkeys fitted with VHF radiotransmitters at least
once every two weeks for 45 days. However, monitoring frequency varied among individuals
dependent on perceived risk of mortality. Risk of mortality represented the perceived condition
of the individual during the capture, marking, and release process. High-risk individuals included
those with non-mortal injuries, extreme feather loss, heavy panting, or erratic behavior
immediately following release. We monitored these individuals more frequently than others for
the first 14-days post-capture. After 14-days post-capture, we determined fate of each

radiomarked turkey biweekly.

We determined fate based on radiotransmitter pulse rate and coded mortality signals
activated when the radiotransmitter had been stationary for at least 12 hours. For turkeys fitted
with GPS loggers, we remotely downloaded data stored on loggers either bi-weekly (2
September - 28 February) or once every six weeks. We determined fate and time of mortality
from logged data based on movement and activity data. We recorded year-round location and
activity data at 0100 and 1500 each day. During 15 March - 30 September, we also logged
location and activity data at 0700, 0900, 1100, 1300, 1700, and 1900 every other day. We
assumed that mortality occurred just prior to the time when radiotransmitter became stationary,
and activity ceased. Upon evidence suggesting a potential mortality, we attempted to flush or

obtain other visual verification of the turkey’s fate.

Statistical Analyses
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We used nest survival models (Dinsmore et al. 2002) to estimate daily survival rates
(DSR) for the 45-day post-capture period. Additionally, we estimated the relationship between
DSR and covariates using the logit link in program Mark (White and Burnham 1999). Nest
survival models require 4 parameters: (1) The day each individual was deemed at risk (AR), (2)
the last day the individual was monitored and alive (LMA), (3) the day the individual was last
monitored (LM), (4) and the fate of the individual at the end of the study (F). We set the start of
the study for each individual to 1, corresponding to the day each individual was captured and
entered into the AR category. Last monitored alive was the number of days post-capture that the
bird was monitored and determined to be alive. LM was the number of days post-capture that the
individual was monitored, and F corresponded to the last known fate of the individual (Hogan et
al. 2013).

Encounter histories had three possible outcomes. If an individual survived the entire
period then AR =1, LAM = LM =45, and F = 0. If an individual died during the study period,
then AR =1, LAM < LM, and F = 1. If the fate of an individual could not be determined during
the period (right-censored), then AR = 1, LAM = LM on the last day known alive, and F = 0.
Additionally, we assumed that our inability to locate and determine the individual's fate was
unrelated to the fate of the individual.

We compared models representing hypotheses that subadults would have greater rates of
capture-realted mortality relative to adults, females would have greater rates of capture-realted
mortality relative to males, and that subadult females would have greater rates of capture-realted
mortality relative to all other age and sex classes. We also compared models representing
hypotheses that turkeys captured with cannon nets would experience higher rates of capture-

related mortality than those caputred with walk-in traps, and turkeys realeased in groups would
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have greater rates of capture-related mortality than those released indivudally. Our last set of
hypotheses tested whether greater relative humidity at the time of capture, greater ambient
temperature at the time of capture, and greater relative humidity and ambient temperature at the
time of capture would result in greater capture-realted mortality. Models associated with each
hypothesis were compared based on Akaike’s Information Criterion corrected for small sample
size (AICc; White and Burnham 1999, Anderson et al. 2000, MARK version 8.1). We used
AlCc weights and model averaging to estimate capture-related mortality rates and to determine
the best approximating models and factors with the greatest influence on capture-related

mortality. Where appropriate, we estimated parameters and sufficient statistics (Johnson 1999).

We addressed questions regarding how time since capture influences post-capture
survival rates, and investigated the duration of time turkeys were at risk of capture-related
mortality post hoc. The a priori top model with additional linear and quadratic time trends in the
odds of survival were used to address how post-capture survival changed over time. Joint linear
models corresponding to different durations of time post-capture were used to identify the
duration of time turkeys were at risk of capture-related mortality. Similar to a priori hypotheses,

post hoc models were compared using AICc to determine the best approximating models.

Results

During 2015 to 2017, we estimated daily survival rates for the 45-day post-capture period
using observations from 226 wild turkeys. We captured 87 adults (30 male, 57 female), 34
juveniles (14 male, 10 female), and 115 poults (41 male, 51 female, 23 unknown). Of the
captured females, 41 received radiotransmitters with additional GPS logging capabilities (36
adult, 5 juvenile). Ambient temperature at the time of capture ranged from 1.1°C - 35.3°C. Five

percent of captures were at temperature <10°C, 22% of all captures were in the 10.1°C-20.0°C
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temperature range, 53% of captures were in the 20.1°C - 30.0°C temperature range, and 20% of
captures were in the 30.1°C — 40.0°C temperature range. Relative humidity at the time of capture
ranged from 20% relative humidity to 100% relative humidity. Seventy nine percent of all
captures occurred between 30.1% relative humidity and 80.0% relative humidity. We captured
221 turkeys using cannon nets, and 5 turkeys using walk-in traps. We released 201 turkeys using
the single release method, and 24 turkeys using the group release method. Lastly, handling times
for captured turkeys ranged from 4 minutes to 120 minutes. Seventy four percent of captured

turkeys were released in <40min.

The best models were those that incorporated environmental (i.e., temperature and
relative humidity) and protocol driven (i.e., handling time, release method) covariates (Table
2.1). Ambient temperature at the time of capture (ATemp) was present in all of the top-ranked
models. Relative humidity at the time of capture (RHumid), release method (SRel), and total
handling time (HTime) also appeared in top-ranked models Table 2.2). However, small AAICc
(<2) relative to the number of additional parameters, suggest these additional covariates may be
uninformative parameters (Arnold 2010). Surprisingly, models including sex and age covariates
performed the worst of all candidate models, securing less than four percent of the cumulative

weight.

Of the 226 turkeys captured, we caught 221 with cannon nets and 5 with walk-in traps.
We were unable to estimate the relationship between method of capture and post-capture
survival because all turkeys captured in walk-in traps survived the 45-day conditioning period,
and sample size was low. We released 202 turkeys using the single release method, and 24
turkeys using the group release method. Turkeys released using the single release methods were

0.95 times as likely to survive when compared to turkeys released in groups (95%CI = 0.2377-
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1.4701). The relationship between handling time and post capture survival was also important.
The model ATemp+HTime (AAICc = 1.66, ® = 0.11), indicated that for each 10-minute increase

in handling time, wild turkeys were 0.68 times as likely to survive (95%CI = 0.33-1.03).

Models incorporating effects of environmental covariates performed the best of all
candidate models. The top performing a priori model, ATemp, indicated that ambient
temperature at the time of capture had the greatest influence on post-capture survival. For each
10 °C increase in ambient temperature at the time of capture, wild turkeys were 0.66 times as
likely to survive (95%CI = 0.47-0.948). Additionally, the second ranked model,
ATemp+RHumid (AAICc = 0.62, ® = 0.18), indicated that the relationship between relative
humidity at the time of capture and post-capture survival was also important. For each 10%

increase in relative humidity, turkeys were 0.92 times as likely to survive (95%CI1=0.78-1.06).

We evaluated how post-capture survival changed over time by incorporating linear
(LTT) and quadratic (QTT) time trend variables to the best-fit a priori model, ATemp. The LTT
+ ATemp model performed better than the QTT + ATemp (A AICc = 1.99; Table 2.3) model and
became the basis for investigating the duration of time turkeys were at risk of capture-related
mortality. Post-hoc models to assess the duration of time turkeys were at risk of capture-related
mortality increased in performance as risk period increased (Table 2.4). The model
incorporating a 33-day risk period (AlCc = 519.01) outperformed the LTT + ATemp model
(AICc =519.10), while the model incorporating a 32-day risk period underperformed when

compared to the LTT + ATemp model (AICc =519.12).

Cumulative daily survival rates for the 45 days post-capture, using the LTT + ATemp
model, were approximately 0.68 (95% CI = 0.62-0.74). The estimate of 14-day survival was 0.80

(95% CI = 0.75-0.85), and the estimate of 33-day survival was 0.71 (95% CI = 0.64-0.76).
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Furthermore, for each one additional day post-capture, turkeys were 1.06 times as likely to
survive (95%CI = 1.03-1.08), and for each 5°C increase in ambient temperature, turkeys were

0.83 times as likely to survive (95% CI = 0.70-0.99).

Discussion

Studies of wild turkey demographics often incorporate survival rates to estimate
population size, structure, and growth rates. For these estimates to be precise, it is important that
we eliminate all foreseeable sources of bias in our estimates. One potential source of bias in vital
rate estimation is the failure to meet the underlying assumptions of the models (Tsai et al.1999).
An assumption often made in survival rate estimation is that marking individuals does not
influence their fate (Tsai et al.1999). Conditioning periods from 7 (Kurzejeski et al. 1987, Miller
et al. 1998, Vangilder 1995, Kane et al. 2007) to 30 (Collier et al. 2007) days have been used to
satisfy this assumption in demographic studies of wild turkeys. However, a conditioning period
of 14-days is traditionally used in estimating wild turkey survival rates (Godwin et al. 1991,
Roberts et al. 1995, Nguyen et al. 2003, Holdstock et al. 2006, Pollentier et al. 2014). Nenno and
Healy (1979) suggest that a 14-day conditioning period may be adequate to eliminate biases
associated with radiotransmitter effects. Additionally, lethal cases of capture myopathy in avian
species, appear to occur most often within the first 14-days post-capture (Nicholson et al. 2000,
Hanley et al. 2005, Marco et al. 2006, Ruder et al. 2012). However, there is little evidence
supporting 14 days as an appropriate conditioning period to encompass all direct and indirect

radiotransmitter effects and occurrences of capture myopathy.

Models including age and sex covariates had little support in our analyses and performed
worse than all other candidate models (Table 2.1). In previous studies of capture myopathy in

avian species, age and sex effects have been prevalent (Spraker et al. 1987, Dabbert and Powell

18



1993). The physiological burden of reproduction on females could leave them more susceptible
to additional physiological stressors and mortality (Williams 1966). Secondly, physiological
responses in subadults, such as increased internal temperature, pulse-rate, respiration, and
glucose have been observed (Kock et al. 1987), and are likely a result of higher stress. We
expected these additional stressors to lead to more stress-related mortality among adult females.
The poor performance of age and sex models in our analysis suggests that females and sub-adults

are more resilient to capture related stress than traditionally thought.

Our results may have been affected by the timing of trapping. We were most successful
trapping turkeys in the early spring, and late summer. During the early spring, poults were
unavailable for capture, and juvenile birds, hatched the previous year, may have physiological
responses similar to adults. Further, during the late summer, adult females may have had ample

time to recover from physiological burden of nesting.

Ambient temperature at the time of capture was present in all top competing models,
suggesting it had the greatest influence on post-capture survival of turkeys (Table 2.1). As the
ambient temperature at the time of capture increased, we observed a decreased probability of
survival (Fig. 2.1). Our results are consistent with Nicholson et al. (2000), who observed similar
trends in a study of turkeys in Oklahoma, where ambient temperatures > 10°C resulted in less
than 70% survival post-capture. Conversely, trapping efforts at low ambient temperatures may
also be detrimental (Miller et al. 1996), as the additional stress of capture in conjunction with
thermoregulatory stress, could increase rates of capture-related mortality. The minimum critical
temperature for adult female turkeys is 10.9°C (Haroldson et al. 1998). Below this ambient
temperature, turkeys are required to increase food consumption to maintain internal body

temperature (Haroldson et al. 1998). Ambient temperature at the time of capture for our study
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encompassed a wide range of values (1.1°C - 35.3°C), and our data suggests no detrimental
effect on post-capture survival of turkeys when ambient temperatures were below 11°C. This
was likely related to the absence of snow, which can limit forage availability in northern
climates. Because survival increased as ambient temperatures decreased, and we observed no
negative effect of trapping at temperatures below their minimum critical temperature, we
recommend that researchers in southern areas, like Alabama, focus trapping efforts on periods

with the lowest ambient temperatures.

Our data suggests that increased relative humidity at the time of capture had an adverse
effect on post-capture survival. Nicholson et al. (2000) found that post-capture survival of
turkeys was greater in high relative humidity, with relative humidity > 60% resulting in >86%
survival. However, their models did not account for the interaction between temperature and
relative humidity. Lin et al. (2005) suggest that thermoregulatory ability of poultry is influenced
by this interaction. When temperatures were <35°C, high relative humidity facilitated
redistribution of heat within the body, increasing peripheral temperature and facilitating heat
loss. However, at >60% relative humidity and temperatures >35°C, the ability to redistribute
heat is compromised and can result in heat stress. Our results support that temperature and
relative humidity may be important (Satemp+RHumid+ATemp*rRHumid, Table 2.1). However, these
results should be interpreted with caution. Due to the low AAICc relative to the number of
additional parameters, the additional Rhumid and ATemp*Rhumid parameters may be

uninformative (Arnold 2010).

Poor fit of the models incorporating release method effects on post-capture survival
suggests that method of release may not have a significant influence on post-capture survival.

Group and single release effects may have been confounded with ambient temperature and
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handling time effects, as release methods subject individuals to varying durations of handling,
and greater durations of time exposed to the higher internal temperatures of the holding boxes.
This could be addressed by improving ventilation, decreasing the internal temperature of the
holding boxes, or releasing birds in smaller groups as opposed to releasing the captured flock at
one time. Greater performance of the ATemp+HTime model suggests that adverse effects of the

release methods are likely better predictors of post-capture survival.

Due to a low sample size of turkeys captured in walk-in traps, and their high 45-day
survival, we were unable to estimate the relationship between capture methods and post-capture
survival. If we had been able to capture more turkeys in walk in traps, we may have been able to
estimate an effect. High 45-day survival for turkeys captured in walk-in traps (S=1.0) suggests
that walk-in traps may reduce post-capture mortality rates when compared to cannon nets.
Beringer et al. (1999) observed similar results in white-tailed deer (Odocoileus virginianus).
Regardless, the low success of capture using walk-in traps forced us to-use cannon nets as the

primary method of capture.

Nicholson et al. (2000) observed that greater handling times increased risk of capture-
related mortality, and our data substantiate this claim. We suspect that greater handling times
increased duration of elevated stress, increasing turkey susceptibility to capture myopathy
(Nicholson et al. 2000). Because we suspected that greater handling time was resulting in
greater rates of capture-related mortality, we made a concerted effort to maintain short handling
times for all captured birds. To achieve the quickest possible processing times, we eliminated all
measurements of physical characteristics, recording just age, sex, and radiotransmitter
information. We believe that the tradeoff favoring reduced handling times at the expense of

collecting measurements of physical characteristics was warranted. Weight, tarsus length, and
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ulna length may be related to post-capture survival, but effects of these physical characteristics
were likely represented in age and sex covariates. Because we reduced handling times in our
study, it was possible that we skewed our handling time data below the threshold to observe the

influence of handling time on capture-related mortality.

Failure to use appropriate conditioning periods biases estimates of survival. Conditioning
periods that do not encompass the period of higher capture-related mortality will bias survival
estimates low. Alternatively, overestimating the capture-related mortality window could lead to
poor estimates of survival. Furthermore, over or under estimation of the timing of capture-
related mortality can influence estimates of frequency of capture-related mortality. This can have
profound effects on estimates of population size, structure, and growth rates, and affect

management decisions based on estimates of these population parameters.

Because we captured most turkeys during September and October, the ambient
temperature and relative humidity at capture were right-skewed, resulting in estimates of
capture-related mortality that were high. However, because we trapped turkeys over a range of
temperatures and relative humidity, we believe that our estimates of those two covariates were
unbiased. Had we been able to capture birds during times of the year with cooler ambient
temperatures and reduced relative humidity, we would have had less capture-related mortality.
However, trapping was limited to hotter, more humid times of the year due to high mast
production during cooler times of year, which limited turkey response to baited net sites.
Additionally, we were unable to interfere with hunting seasons on the study areas, forcing us to

limit baiting and trapping to a limited number of locations across each study area.

Due to the reduction in time we took to process birds, total handling times for turkeys

were left-skewed. Because the time turkeys were processed encompassed a wide range of times,
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we believe our estimates of effect of handling time on post-capt