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ABSTRACT
Early in the 20" century wild turkeys (Meleagis gallopavo) in North America were on
the brink of extinction. Conservation and reintroduction efforts ensured that this species
recovered throughout most of its historic range. Efforts to reintroduce eastern wild
turkeys (Meleagris gallopavo sylvestris) to the Pineywoods of east Texas have achieved
limited success. Previous research suggested that predation may have confounded this
reintroduction. My aim was to quantify the influence of mesopredators on the wild
turkey population in the Pineywoods. Raccoons (Procyon lotor), bobcats (Lynx rufis)
and coyotes (Canis latrans) occur sympatrically in east Texas and are thought to prey on
wild turkeys, their nests and poults. I fitted bobcats, coyotes and raccoons with both
GPS and VHF collars. I used location data and GIS applications to estimate home
ranges, home range overlap and habitat selection for the mesopredators. I used scat
analysis to determine the diet of mesopredators and to establish whether they preyed on
wild turkeys. I used capture mark recapture (CMR) techniques to investigate small
mammal population dynamics. I analyzed the CMR data on an annual and seasonal
basis. I used spotlight counts and track plates to assess the seasonal relative abundance
of eastern cottontail rabbits (Sylvilagus floridana). 1 used artificial nests to identify
likely nest predators of wild turkey nests. I found that mesopredators in the Pineywoods
had larger home ranges than elsewhere in the southeast. Bobcat and coyote home ranges
varied seasonally, being largest in summer and fall respectively. Raccoon home ranges
did not vary seasonally. Bobcats and coyotes shared space more than did raccoons with

bobcats or coyotes. There was differential habitat selection between species, but mature
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pine and young pine were important to the mesopredators and as nesting habitat for
eastern wild turkeys. I found no wild turkey remains in scat samples. White tailed deer
(Odocoileus virginianus), lagomorphs and small mammals occurred in the diets of all
three mesopredators. Small mammal numbers varied seasonally, declining from spring
to summer, in synchrony with mesopredator diet diversification, and wild turkey nesting
and brood rearing. Lagomorph abundance did not vary seasonally. Bobcats were
predominantly carnivorous while coyotes and raccoons were omnivorous, consuming
seasonal fruit and insects. American crows (Corvus brachyrhynchos) and raccoons were
the primary artificial nest predators. Crows depredated most artificial nests, except in
summer, when raccoons depredated the most nests. I concluded that the impact of
mesopredators on wild turkeys was not as severe as suggested by previous research. I
suggested a combination of video monitoring live wild turkey nests to identify nest
predators, improvement of nesting habitat to reduce mesopredator / wild turkey nest
encounters, and a program of conditioned taste aversion to reduce any nest predation by

mesopredators.
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1 - INTRODUCTION

The wild turkey (Meleagris gallopavo) is the largest gallinaceous game bird native to
north America, and has close links to the American culture (Kennamer et al. 1992).
Subsequent to the colonization of North America by Europeans, the wild turkey declined
across its range by the late 1800’s, and were probably at their lowest numbers by the late
1930s (Mosby 1975) when they were on the brink of extinction (Kennamer et al. 1992).
Active restoration programs, throughout their historic range, have led to the broad
spectrum revival of the five wild turkey sub-species (eastern wild turkey; M. g.
silvestris, Florida wild turkey; M. g. osceola, Merriam’s wild turkey; M. g. merriami,
Rio Grande wild turkey; M. g. intermedia, and, Gould’s wild turkey; M. g. mexicana)
(Kennamer et al. 1992). In general, attempts to reestablish wild turkeys have been
successful and the wild turkey is now extant throughout most of the US states that were
considered its natural range and have been introduced into 10 States not included in their

historic range (Kennamer et al. 1992).

Historically, eastern wild turkeys occupied approximately 12000 ha in east Texas
(Campo 1989), overharvesting of both turkeys and timber led to a precipitous decline of
the eastern sub-species in this region (Newman 1945, Campo 1989, Isabelle 2010).
Early attempts to reintroduce wild turkeys to east Texas (prior to 1979) were
unsuccessful (Newman 1945, Mosby 1975). Subsequently, >7000 wild caught eastern

wild turkeys, from several states, have been released in east Texas (Texas Parks and



Wildlife (TPWD), Unpublished data) (Isabelle, 2010). Despite these attempts to restore
the eastern wild turkey to east Texas, recent estimates indicate that the extant population
is approximately 15000 individuals, distributed across east Texas in fragmented sub-
populations that are susceptible to local extinction (Tapley et al. 2006, Seidel 2010).
Several factors are important to the success of reintroduction programs, the founder
population should be relatively large (>100 individuals), the habitat should be suitable
for the species in question, species that breed early and have large clutches reintroduce
better than others, herbivores can be more easily reintroduced than carnivores and with
respect to birds, morphologically similar species have a greater depressing effect on the
success of a reintroduction than do congenerics (Griffith et al. 1989, Fischer and
Lindenmayer 2000). Additionally, in many reintroductions, success hinges on the
removal of the perturbation that caused the local extinction of the species in question

(Fischer and Lindenmayer 2000).

Reasons for the failure of wild turkey reintroductions could include: habitat
fragmentation, habitat modification, weather conditions, poor reproductive performance,
stressful capture and handling methods and predation (Wakeling et al. 2001). Many
reasons have been advanced to explain the failure of the east Texas wild turkey
reintroduction programs. There is substantial evidence that predation is the primary
cause of mortality for all wild turkeys apart from adult gobblers (Speake 1980, Hamilton

and Vangilder 1992, Miller and Leopold 1992, Hughes et al. 2005 , Kennamer 2005).



One of the reasons for the failure of the reintroduction program may therefore be

predation by mammalian mesopredators.

Several authors have commented that mesopredators prey upon wild turkeys (Lovell et
al. 1995, Nguyen et al. 2003, Spohr et al. 2004, Holdstock et al. 2006). Depredations
may have a limiting effect on the recruitment potential of low-density populations
(Messier and Créte 1985, Newsome et al. 1989, Trout and Tittensor 1989, Hanski et
al.1993, Terborgh et al. 2001), such as the reestablished population of eastern wild
turkeys in East Texas. Little is known about the mesopredator guild and its dynamics in
East Texas as attested by the lack of available literature relating to the ecology of the

mesopredators in East Texas.

Predators regulate their prey in two ways, by numerically reducing the populations of
prey species and by altering the behavior of prey (Schmitz 1998, Brown 1999, Berger et
al. 2001, Miller et al. 2001). The effect of a reduction in the numbers of a prey species
allows other prey species, which under conditions of competition might be out competed
by the prey species, to persist. In absence of the predator the weaker of the competing
prey species might be out competed (Henke and Bryant 1999, Miller et al. 2001).

The effect of predators extends beyond their direct effect on their prey to the structure of
the community (Ripple and Beschta 2004). The effect is transmitted through the impact
on their prey (generally herbivores) by reducing or modifying the impact that the prey

have on the vegetation, this in turn affects the distribution, abundance and interactions



within both the invertebrate and avian community (Miller et al. 2001). Therefore
predators can be seen to influence the functioning of the entire ecosystem. The
reduction or absence of carnivores can lead to the simplification or degradation of entire
ecosystems (Ripple and Beschta 2004). In addition to consuming herbivorous prey,
keystone predators have an influence on the sympatric populations of mesopredators
through intraguild predation (intraguild predation is the killing of one species of predator
by another) where the two predatory species are competing for a shared prey resource

(Polis and Holt 1992).

Mesopredators are often defined as species of the order carnivora weighing 1 - 15kg
(Buskirk 1999), but in most areas mesopredators are recognized as all those carnivorous
or omnivorous vertebrates that are not top predators (Risk 2005, Roemer et al. 2009).
Under this definition, approximately 90% of all carnivora fall into the category of
mesopredators (Gittleman and Gomper 2005). The importance of mesopredators can be
assessed in relation to two scenarios; first where within an ecosystem they are promoted
to top carnivore status by virtue of the absence, displacement or extinction of large apex
predators, secondly within communities that contain apex predators (Crooks and Soulé

1999, Gittleman and Gomper 2005).

Recent theoretical and empirical studies indicate that the importance of mammalian
mesopredators is far greater than previously thought (Roemer et al. 2009). It seems that

mesopredators may be essential to the functioning of ecosystems. In certain

4



circumstances mesopredators can reduce nutrient subsidies, they can facilitate nutrient
flow, and they can drive certain prey species to extinction and alter the distribution of
prey. Mesopredators can fulfill unique roles that larger carnivores cannot fill — where
they act as seed dispersers or where they prey on seed dispersers. Mesopredators may
influence the population of larger carnivores by playing host to pathogens that limit
larger carnivores. It is clear, therefore, that the influence of the mammalian
mesopredator is greater than simply their effect on their prey resources. The role of the
mesopredator is complex and results from their interactions with both biotic and abiotic

components of the environment in which they are found.

Where large top carnivores have been excluded or eliminated, as is the case in east
Texas, (Bailey 1905, Truett and Lay 1994, Schmidly and Davis 2004), mesopredators
fulfill the role of the apex predator and may control the numbers and dynamics of other
mesopredators through intraguild predation and interference competition (Polis and Holt
1992, Sih et al. 1998, Roemer et al. 2009). In multi-predator systems behavioral
interactions between competing predators may tend to reduce the predation rates by one
or all of the predators (Sih et al. 1998). For much of the United States, and particularly
for the Pineywoods of east Texas, there is little information with regard to the sympatric
relationships between mesopredators, and their interactions with prey resources.
Bobcats (Lynx rufus), coyotes (Canis latrans) and raccoons (Procyon lotor) are
mesopredators that are known to prey on wild turkeys in all phases of their life history

(egg, poult and adult) (Miller and Leopold 1992, Schmidly and Davis 2004).



Consequently these species are most likely to have the greatest influence of eastern wild

turkeys in east Texas. To determine what the influence of these mesopredators was on

the eastern wild turkeys, in the Pineywoods of east Texas, it was necessary to pursue

three lines of investigation;

1.

The spatial ecology of the mesopredators, including home range use and overlap,
and habitat selection: Space use is one of the key ecological factors that
determine the interactions between predators and between predators and their
prey (Sih 2005). Patterns of spatial use and habitat selection influence encounter
rates, predation rates and consequently predator prey population and community
dynamics (Sih 2005). Inter-specific competition between carnivores greatly
influences the structure and function of biological communities (Berger and Gese
2007). The consequence of shared space use by predators result is intra-guild
interactions. These interactions include intra-guild predation (Palomares et al.
1995), an extreme form of interference competition (Polis et al. 1989, Fedriani et
al. 2000), active avoidance behavior, and differential space and habitat use (Sih
et al. 1998). The presence of a diverse predator community is less likely to
detrimentally influence prey populations than a depauperated predator guild
(Palomares et al. 1995, Barnowe-Meyer et al. 2010).

Prey selection by mesopredators: A number of mechanisms affect mesopredator
prey selection. The seasonal availability and population dynamics of prey (other
than eastern wild turkeys) of the mesopredators. The feeding habits of predators

reflect the availability of suitable prey and the adaptations that enable individual



predators to subdue and consume prey (Krebs 1978, Sunquist and Sunquist
1989). Investigation of the feeding habits of mesopredators can shed light on
inter-specific competition and niche separation. The extent of niche
differentiation and resource partitioning determines whether species can co-exist
or competitively exclude each other (Pianka 1973, Carvalho and Gomes 2004,
Merwe et al. 2009). An important mode of resource partitioning is the degree of
dietary overlap between sympatric species (Hayward and Kerley 2008, Merwe et
al. 2009). The overlap is constrained not only by the species’ physical ability to
obtain food, but also by the spatial and temporal availability of food (Azevedo et
al. 2006, Merwe et al. 2009). Predators respond behaviorally to variations in prey
populations. The changes in food availability as a result of a decline in the prey
populations often cause predators to alter their diets from selective to
opportunistic ones (Dunn 1977, Jedrzejewska and Jedrzejewski 1998, Schmidt
and Ostfeld 2003;2008).

. Mesopredator predation on wild turkey nests: Poor nest survival is one of the
primary limitations to the successful recruitment of bird species (Dreibelbis et al.
2008). The main cause of nest mortality in avian species is predation (Ricklefs
1969, Rotenberry 1989, Martin 1993, Mezquida 2001;2003). This factor is
influential with regard to ground nesting birds (Ricklefs 1969, Dreibelbis et al.
2008) which are particularly vulnerable to mammalian and avian predation
(Marcstrom et al. 1988, Newton 1993, Fletcher et al. 2010). Being a ground

nesting species, this is relevant to wild turkeys (Meleagris gallopavo) because



nesting hens, nests and young poults are consequently especially vulnerable to

predation (Glidden 1975, Speake 1980, Miller and Leopold 1992).



2 - COMPLEX SPATIAL INTERACTIONS BETWEEEN MESOPREDATORS
RESULT IN A REDUCED THREAT TO THE SURVIVAL OF WILD TURKEY

NESTS IN EAST TEXAS

Summary

Coyotes (Canis latrans), bobcats (Lynx rufus) and raccoons (Procyon lotor) occur
sympatrically in east Texas. Spatial interactions between predators are central to an
understanding of their behavioral ecology. Iinvestigated the nature of the interactions
among these mesopredators in the Pineywoods by estimating home ranges and core
areas for all three species on an annual and seasonal basis using kernel (95%, 50%)
analysis and the minimum convex polygon (MCP) method. I estimated home range
overlap within species and among species using both Utilization Distribution Overlap
Index (UDOI) and percentage of overlap. I estimated habitat selection by mesopredators
using compositional analysis on the level of second (home range relative to the study
sites) and third order (locations within the home range) habitat selection. Finally, I used
compositional analysis to investigate possible relationships in habitat selection between
mesopredators during spring and nesting eastern wild turkeys (Meleagris gallopavo
silvestris). Home ranges of bobcats and coyotes were similar in extent whereas raccoons
had smaller home ranges than either bobcats or coyotes. There was no apparent
difference in home range size for any of the species on a seasonal basis. Male bobcats
had larger home ranges than female bobcats, but there was no sex based differentiation

in home range size for either of the other species. Home range percentage overlap
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within species varied greatly from the results using UDOI, it appeared that the
percentage of overlap exaggerated the extent to which individuals of the same species
shared space. Bobcats and coyotes shared space to a greater extent than did raccoons
with either bobcats or coyotes. There was differential habitat selection between species,
but it was clear that both mature pine and young pine were important habitat components
for all three species of mesopredator. Wild turkeys selected young pine and mature pine
for nest sites, and it seemed that coyotes, bobcats and raccoons selected these habitat
types during the nesting season. This indicated that there might have been increased
predation pressure on nesting wild turkeys due to a combined impact from the
mesopredators. My results show that there are complex spatial relationships within and
among mesopredators. Mesopredators show differential home range and habitat
selection characteristics. There was a combined effect of the mesopredators on one
another and that probably damped the effect on the population of eastern wild turkeys

during the nesting season.

Key Words: Bobcat (Lynx rufus), Coyote (Canis latrans), Raccoon (Procyon lotor),
mesopredator, home range, utilization distribution overlap index (UDOI), compositional

analysis, eastern wild turkey (Meleagris gallopavo silvestris)

Introduction
Space use is one of the key ecological factors that determine the interactions between

predators and between predators and their prey (Sih 2005). Patterns of spatial use and
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habitat selection influence encounter rates, predation rates and consequently predator
prey population and community dynamics (Sih 2005). Inter-specific competition
between carnivores greatly influences the structure and function of biological
communities (Berger and Gese 2007). The consequence of shared space use by
predators result is intra-guild interactions. These interactions include intra-guild
predation (Palomares et al. 1995), an extreme form of interference competition (Polis et
al. 1989, Fedriani et al. 2000), active avoidance behavior, and differential space and
habitat use (Sih et al. 1998). The presence of a diverse predator community is less likely
to detrimentally influence prey populations than a depauperated predator guild

(Palomares et al. 1995, Barnowe-Meyer et al. 2010).

The predator guild in the Pineywoods of East Texas is much altered from its historic
composition as a result of habitat alteration and extirpation (Truett and Lay 1994,
Palomares et al. 1995). Before being extirpated, East Texas was home to several large
carnivores including jaguars (Panthera onca), pumas (Felis concolor), Louisiana black
bears (Ursus americanus luteolus) and red wolves (Canis lupus rufus) (Truett and Lay
1994). The present situation is that the predator guild is comprised of mesopredators;
this guild is dominated by the de facto top carnivore, the coyote (Canis latrans).
Throughout North America the wild turkey (Meleagris gallopavo) is an important game
species. Its decline and subsequent reestablishment throughout most of its range is a
classic example of a successful reintroduction program (Kennamer et al. 1992 , Vance et

al. 2005, Tapley et al. 2006). In some areas the reintroduction of wild turkeys has not
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been successful, despite those regions being included in its historical geographical range.
The Pineywoods is such an area, in relation to the eastern wild turkey (Meleagris
gallopavo silvestris). Despite decades of reintroduction and translocations, regional
populations of eastern wild turkey remain isolated and susceptible to local extirpation
(Isabelle 2010, Seidel 2010). Since the 1970’s >7500 eastern wild turkeys have been
translocated to the region, but successful reestablishment has been limited, due to a
combination of poor survival, low reproductive success, and differential success of a
variety of translocation techniques (Lopez et al. 2000). Beyond these, predation is also
thought to be a significant factor in the failure of the wild turkey nests and successful
recruitment (Vander Haegen et al. 1988, Kelly 1992b, Vangilder and Kurzejeski 1995),
and is therefore likely to be a serious hurdle to the re-colonization of the Pineywoods by

wild turkeys.

Wild turkeys are large, ground nesting birds and feature in the diets of predators (Speake
et al. 1985, Miller and Leopold 1992, Roberts et al. 1995). During the nesting and brood
rearing period wild turkeys suffer increased vulnerability to predation, due to their
ground nesting habit (Miller and Leopold 1992, Vangilder and Kurzejeski 1995). In this
period not only are the nesting females subjected to an increased threat of predation, but
the eggs and poults are known to be subjected to high levels of predation from a variety
of nest predators including the entire spectrum of mammalian mesopredators,
armadillo’s (Dasypus novemcinctus), and feral hogs (Sus scrofa), avian nest predators

and snakes (Miller and Leopold 1992).
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Reliable estimates of home range and core area size are the starting point for any
analysis of the behavioral ecology of mesopredators (Bekoff and Wells 1980,
Chamberlain et al. 2000). There are no such figures for coyotes, bobcats or raccoons for
the timber areas of the east Texas Pineywoods. Home ranges comprise areas of general
use (the home range) and areas of concentrated use (the core area). In practice, an
animal’s home range is that area that an animal uses whilst conducting its normal day to
day activities (Burt 1943). The theoretical definition of a home range is the probability
distribution defining an animal’s use of space (Van Winkle 1975, Fieberg and Kochanny
2005) and is known as a utilization distribution (UD). The modern definition of the
home range is the smallest area that is associated with a 95% probability of finding the
specific animal. The area encompassed by home ranges of animals are used
disproportionately, some areas are used more frequently or with greater intensity than
other areas. The areas of high intensity use are core areas (Leuthold 1977) and are
thought to be local epicenters of important resources for the individual in question

(Clarke 1998).

Home range sizes are thought to scale with body size (Lindstedt et al. 1986, Makarieva
et al. 2005). Bobcats (Lynx rufus) and raccoons (Procyon lotor) are similar in body size
while coyotes are considerably larger (Schmidly 1994). Based on this, it seems that
bobcats and raccoons should have similar sized home ranges, with coyotes having larger

home ranges.
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The degree to which home ranges overlap relates to the extent to which individuals share
space (Seidel 1992, Fieberg and Kochanny 2005, Wronski 2005). Home range overlap
has both a spatial and temporal component — in other words, home range overlap is a
measure of the degree to which individuals within the same species overlap in their use
of an area in both space and time. In addition, overlap between species can suggest the

level to which different species tolerate or avoid one another.

Habitat selection is the process by which an animal chooses which habitat components to
use (Morrison 2009). Animals select habitats based on their requirement of specific
resources to satisfy their basic needs of survival and reproduction. Differentiation in
habitat selection between sexes and within and among species is an indicator of
differential resource use and differential adaptation (Pianka 2000). Where there is
overlap in habitat use, there may be competition. Competition is an interaction between
two or more individuals or populations, in respect to a resource that is limiting, that has a
negative effect on one or more of the competitors (Pianka 2000). Where competition
exists, there are likely to be stronger and weaker competitors. Species that have
identical resource requirements cannot coexist in the same area (Pianka 2000). The
corollary of this is that if species coexist there must be some level of differentiation in

their resource requirements (Pianka 2000, Begon et al. 2006).

Competition is recognized to take two forms, exploitation competition and interference

competition. Where two species use a resource, which is in short supply, and the result
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is a reduction of that resource, exploitation competition is said to occur. A more direct
form of competition (interference competition) occurs when two species interact such
that one species prevents the other from gaining access to a resource (Pianka 2000).
Another component of habitat selection pertains to habitat selected by prey species. In
this case the habitats selected by eastern wild turkeys as nest sites vary in many respects,
but all of them have well developed vegetation approximately 1m above ground (Porter
1992) with a dense understory (Holbrook et al. 1985, Lazarus and Porter 1985, Holbrook
et al. 1987, Schmutz et al. 1989, Isabelle 2010). There are two mechanisms by which
prey species reduce the likelihood of being preyed upon, by avoiding the habitats used
by predators and by reducing the likelihood of predation when predators and prey
coexist (Brodie Jr et al. 1991). Wild turkeys are unlikely to be able to defend themselves
from a direct attack by one of these mesopredators. Therefore, wild turkeys are thought
to adopt predator avoidance strategies that include nest concealment and the selection of

habitats that minimize the likelihood of predator encounters (Picman 1988).

My focus in this study was to determine the nature of the spatial interactions between
three mesopredators that are known to prey on wild turkeys; coyotes, bobcats, and
raccoons, in the Pineywoods of East Texas. Additionally, I investigated the spatial
relationship between the interactions of these mesopredators, during the wild turkey
nesting season (spring), and the habitat selected by wild turkeys for nest sites.

In this investigation I expected the following:

1. Home range sizes of mesopredators should scale according to body size,
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2. Because the three species of mesopredator occurred on both study sites, there
should be some degree of spatial partitioning between species.

3. There should have been a high degree of overlap between the ranges of
individuals of the same species due to similar resource requirements.

4. The overlap of the home ranges of bobcats and coyotes, bobcats and raccoons
and coyotes and raccoons should have differed because of differential resource
requirements.

5. There should have been differentiation in the habitat use displayed by the three
species of mesopredators.

6. The habitat selected by wild turkeys for nesting should have differed from that

selected by mesopredators.

Study area

I conducted this study in the Pineywoods of east Texas. The Pineywoods stretch across
east Texas, northwestern Louisiana and southwestern Arkansas. It is the western extent
of the Southeastern coastal plain and the vegetation communities bear close resemblance
to the southeastern mixed forest and southeastern conifer forest vegetation types. Little
of the original longleaf pine (Pinus palustris) forests remain, and have been largely
replaced by even-aged loblolly pine (Pinus taeda) plantations. Much of the natural
vegetation of the Pineywoods has been compromised due to the planting of pine

plantations and the exclusion of fire (Omernik et al. 2008).
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The Pineywoods are a continuation of the forests from adjacent states (Murphy 1976).
The eastern most region of Texas is characterized by a mixture of extensive pine and
mixed pine and hardwood forests. The topography is that of gently rolling hills with
swampy low-lying areas. Historically these pine forests were successional to hardwood

forests (Landers Jr. 1987).

Commercial forestry in the region has increased since the 1992 forest surveys were
completed (Kelly 1992a;b). In 1992, the USFS estimated that 67.5 % of the land in this
part of East Texas was comprised of two dominant forest types: - loblolly pine (Pinus
taeda)/ shortleaf pine (Pinus echinata) and longleaf pine / slash pine (Pinus elliottii).
Estimates in 2003 indicate that there had been a marginal increase in the area under
commercial forestry, from 4.78 million hectares in 1992, to 4.82 million hectares in 2003
(Rudis and Station 2008). Significantly, the amount of land under pine (Pinus) had
increased by 30% to 2.27 million hectares between 1992 and 2002 (U.S. Department of
Agriculture 2002, Rudis and Station 2008). It is likely that the percentage of land
dedicated to softwood timber production will continue to increase (Haynes 2002). The
remaining landscape supported a combination of woodland types including; oak
(Quercus spp.)/ hickory (Carya spp.), oak/ gum (Nyssa spp.)/ cypress (Taxodium spp.),

and oak/ pine mix (Murphy 1976, Kelly 1992a;b, Sivanpillai et al. 2005).

The nature of ownership is such that private land owners account for 63% of the

ownership, with large portions of this land being in relatively small parcels of 0.4 to 3.6
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ha. The consequence of the small parcel sizes is an increased degree of forest
fragmentation (U.S. Department of Agriculture 2002). The habitat available for wild
turkeys is substantially modified from that in which they used to occur. With the
increase in timber plantations, continued habitat modification and increasing

urbanization and turkey habitat is increasingly more fragmented now than in the past.

The mean annual rainfall in the Pineywoods is 1,192 millimeters (mm), with a monthly
mean that varies between a low of 55 mm in July and 116.4 mm in May. The mean
annual minimum temperature is 12.8° Celsius (C) and the mean annual maximum
temperature is 25.5° C. The mean maximum temperature in the summer is 35° C
(Sivanpillai et al. 2005). During my study, the mean annual temperature was 19.4° C,
the minimum temperature recorded was — 5.3° C, and the maximum temperature was
38° C (NOAA 2012). The mean annual rainfall during my study was 1015 mm, with the
highest rainfall occurring in 2009 (1243 mm) and the lowest in 2011 (832 mm) (NOAA

2012).

I conducted this study in the Nacogdoches and Angelina counties in east Texas, from
January 2009 to September 2011. The two properties that formed the core of the study
site are the Winston 8 Ranch (33 77 10 N, 348 64 10 W) (1360 ha, owned by Mr. Simon
Winston) and the Cottingham Hunting Club Property (37 23 02 N, 347 83 15 W) (5000
ha, owned by Hancock Forest Management). I selected these properties because they

were the only properties known to harbor populations of radio tagged eastern wild
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turkeys. Additionally, several wild turkey reintroductions have been attempted in these

counties (Isabelle 2010).

Wild turkeys were released on the Winston 8 ranch in 2002 (1 male, 11 females) and
2003 (2 males, 7 females). From February 2007 to February 2008, a further 83 wild
turkeys (66 female, 17 male) were released on the Winston 8 Ranch as part of a ‘super-
stocking’ (Lopez et al. 2000) program (Isabelle 2010). The Cottingham Hunting club
was not used as a ‘super-stocking’ site. In 1990, 15 wild turkeys were released about 3
km from the site and it seems that they continue to exist and nest on this property

(Isabelle 2010).

Methods

To compare the biology of three species of mesopredator and the wild turkey it was
necessary to select a data collection schedule that is relevant to all species. Therefore, I
used the natural (solstices and equinoctial) seasons (winter: 21 December to 20 March,
spring: 21 March to 20 June, summer: 21 June to 20 September, fall: 21 September to 20
December). Not only is this schedule relevant to all the mesopredators, but it also
accommodates wild turkey biology well because the onset of the period of increased
vulnerability in turkeys (nesting season) coincides with the onset of spring (Lehman et
al. 2003) — early in April. Nearly all turkeys are nesting by mid-April regionally

(Isabelle 2010).
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I used padded leghold traps will used to capture 18 bobcats (8 females and 10 males)
(Chamberlain et al. 2003b, Preuss 2005, Cochrane et al. 2006, Tucker et al. 2008), 16
coyotes (7 females and 9 males) (Person and Hirth 1991, Grinder and Krausman 2001,
Arjo and Peltscher 2004), and I used cage traps to capture 20 raccoons (9 females and 11
males) (Gehrt et al. 2004, Prange et al. 2004, Rosatte et al. 2007) over the entire study.
My trapping effort was continuous throughout the trapping seasons in each year of my
study. I immobilized the captured animals using a mass and species appropriate dose of
TELAZOL (http://www.fortdodge.eu), delivered via an intra-muscular injection. I fitted
10 bobcats and 10 coyotes with Televilt Tellus GPS collars (Followit Lindesberg AB,
Bandygatan 2, SE-71134 Lindesberg Sweden), in addition, I fitted a further 8 bobcats
and 6 coyotes with VHF collars (Advanced Telemetry Systems, Inc. 470 First Avenue
North, Isanti, Minneapolis 55040). I fitted 20 raccoons with ATS VHF radio collars
(Advanced Telemetry Systems, Inc. 470 First Avenue North, Isanti, Minneapolis 55040).
I attempted to achieve a sample size of 20 study animals per species, throughout my
study, to determine resource selection (Alldredge and Ratti 1986, Leban et al. 2001).
The use of GPS collars was appropriate in the case of bobcats and coyotes, as it allowed
for fine-scale home range and habitat use pattern analysis (Rodgers et al. 1994, Girard et
al. 2002, Mills et al. 2006). I programmed the GPS collars to record an hourly location
for the study animals throughout their nocturnal activity period (Anderson 2003, Bekoff
2003, Schmidly and Davis 2004), and they recorded the position of the animal at
midday. The GPS collars were fitted with UHF download devices which allowed for

regular monitoring of the movements of the collared animals and to verify that the GPS
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units were functioning properly. I attempted to download data from each GPS collar
every month. The GPS collars were fitted with automatic drop-off devices that allowed
for recovery and refurbishment of the collars (Mills et al. 2006). The drop-off devices
were programmed to drop off after 365 days; alternatively I could trigger the drop-off if

the collar started transmitting a mortality or low battery signal.

Because of the relatively small body size of raccoons, it was not cost effective to fit them
with GPS collars; I therefore decided to use VHF collars on these animals. I attempted
to locate raccoons, and VHF collared bobcats and coyotes, on each site at least three
times each week, using standard radio telemetry protocols (Amlaner Jr and Macdonald
1980). I collected location data for VHF collared animals at both during the day and at
night to ensure that the estimates were true reflections of the space and habitat use

displayed by these species.

I estimated each animal location by taking at least three azimuths towards the strongest
radio signal, within 10 minutes of each other. I entered all azimuths into Program
Locate III for windows mobile (Nams 2006) whilst in the field. I censored any locations

for which the estimated error ellipse was greater than 10000 m?.

I used location data to investigate the habitat selection of the bobcats, coyotes (GPS
locations and VHF locations) and raccoons (VHF locations). There are four basic

designs to determine habitat selection by any given species (Thomas and Taylor 1990,
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Millspaugh and Marzluff 2001, Thomas and Taylor 2006). I determined habitat use
based on three of these designs for the species under investigation. I used design 2 to
determine the vegetation type used within home ranges of individual animals to that
which was available within the study area, and design 3 to compare that to the
proportional use of various vegetation types by an individual to the habitat available
within its home range. Because I used nest locations as a proxy for wild turkey nest
vegetation selection, I used design 1 to compare the extent to which wild turkeys used
specific vegetation types for nesting to the vegetation types that mesopredators selected

within the study sites.

I used compositional analysis to estimate habitat selection by the mesopredators
(Aebischer et al. 1993). I compared the habitat composition of the study sites to the
habitat composition within the home ranges (second order selection) of individuals of
each species on an annual and seasonal basis. I then determined the habitat associated
with each location for each animal and converted these, animal-wise, to percentage use
values for each animal for each habitat type (third order selection), on an annual and

seasonal basis.

I compared the vegetation types that wild turkeys used for their nest sites to the
vegetation types selected by bobcats, coyotes and raccoons during the spring. To assess
the vegetation type used by eastern wild turkeys for nesting I first located the nests by

using a combination of radio telemetry and fine scale triangulation. Throughout the
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nesting season in 2009 and 2010 I located radio-tagged female wild turkeys on a daily
basis. When I found that a female had remained in the same location for three
consecutive days, I assumed that she had initiated incubation of her eggs (Paisley et al.
1998). Once I had determined that nesting had been initiated I established the precise
location of the nest, making sure not to disturb the hen while she was incubating her
eggs (Swanson 1996, Miller 1998, Isabelle 2010), by taking azimuths from four
positions around the likely location of the nest site and determining the location of the
nest site using Program Locate (Nams 2006). Once I was certain that the hen had left
the nest, I searched around the projected location for evidence of the nest such as egg
shells or a distinctive nest depression (Isabelle 2010). Having located the nest, I

recorded the specific location using a handheld GPS device.

I compared the degree to which the mesopredators selected vegetation types to that
displayed by wild turkeys for locating their nests. I compared the percentage vegetation
type composition for locations of each animal to the vegetation composition of the study
sites. With regard to the wild turkeys, I determined the vegetation type relative to each
nest location and then converted this to a percentage composition. I compared this nest
site vegetation composition to the vegetation composition of the study sites using

compositional analysis (Aebischer et al. 1993).

I based the vegetation classification within the study sites and within the home ranges of

various species on the habitat classification according to the Texas Ecological Systems
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Classification Project (Phase 2) (Comer and NatureServe 2003). I collapsed the original
49 narrowly defined vegetation types to 7 broad vegetation classes according to the land
cover types of the Texas Eocological Systems Classification Project (Phase 2) (Comer
and NatureServe 2003) (Table 2.1). 1 used the following descriptors to designate the
different vegetation types — mixed forest (A), deciduous forest (B), mature pine (C),

riparian zone (D), grassland (E), agri/urban (F) and pine plantation (G).

Analyses

I uploaded the GPS collar data and the telemetry data, for each individual, into Hawth’s
Tools extension for Arc/Info (Beyer 2004). Two analysis protocols are commonly used
to estimate the home range of animals, the minimum convex polygon method (MCP)
(Nielsen and Woolf 2001, Laver and Kelly 2008) and the kernel analysis (Worton 1989,
Nielsen and Woolf 2001, Laver and Kelly 2008) method. I estimated the home ranges
for bobcats, coyotes and raccoons using both the MCP and kernel methods.

The MCP method is the only method that is directly comparable between studies
because it is derived in the same manner no matter what analysis package is used
(Lawson and Rodgers 1997). Current thinking suggests that the use of the MCP method
should be limited to identifying forays outside the home range (Laver and Kelly 2008) —
perhaps in search of wild turkey nests in the case of the mesopredators in this study. The
MCP home ranges reported here are reported at the 100% level, they are, however, not

used in the analysis of habitat selection or home range overlap.
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Table 2.1: The vegetation types used in the analysis of vegetation used by mesopredators and wild turkeys in the Pineywoods of east Texas from January 2009 to August 2011

Value Ecological Common name Landcover Percent
Contribution
Mixed Forest

(Type A)

14 West Gulf Coastal Plain Mesic Hardwood Forest Pineywoods: Southern Mesic Pine / Hardwood Forest Mesic Mixed Forest 2.59

17 West Gulf Coastal Plain Pine-Hardwood Forest Pineywoods: Pine / Hardwood Forest or Plantation Mixed Forest 5.00

20 West Gulf Coastal Plain Pine-Hardwood Forest Pineywoods: Dry Pine / Hardwood Forest or Plantation Mixed Forest 2.13

23 West Gulf Coastal Plain Sandhill Oak and Pine Forest and Woodland Pineywoods: Sandhill Oak / Pine Woodland Mixed Forest 0.93

76 West Gulf Coastal Plain Pine-Hardwood Flatwoods Pineywoods: Longleaf or Loblolly Pine / Hardwood Flatwoods or Plantation Flatwoods Mixed Forest 1.39

Total 12.05

Deciduous Forest

(Type B)

15 West Gulf Coastal Plain Mesic Hardwood Forest Pineywoods: Southern Mesic Hardwood Forest Mesic Deciduous Forest 3.06

18 West Gulf Coastal Plain Pine-Hardwood Forest Pineywoods: Upland Hardwood Forest Deciduous Forest 4.54

21 West Gulf Coastal Plain Pine-Hardwood Forest Pineywoods: Dry Upland Hardwood Forest Deciduous Forest 2.59

24 West Gulf Coastal Plain Sandhill Oak and Pine Forest and Woodland Pineywoods: Sandhill Oak Woodland Deciduous Forest 1.39

77 West Gulf Coastal Plain Pine-Hardwood Flatwoods Pineywoods: Hardwood Flatwoods Flatwoods CD Forest 1.76

100 Mainly Natural Azonal Subsystems Native Invasive: Deciduous Woodland Deciduous Forest 1.76

102 Mainly Natural Azonal Subsystems Native Invasive: Juniper Shrubland Evergreen Shrubland 1.39

107 Mainly Natural Azonal Subsystems Native Invasive: Deciduous Shrubland Deciduous Shrubland 2.78

Total 19.28

Mature Pine

(Type C)

16 West Gulf Coastal Plain Pine-Hardwood Forest Pineywoods: Pine Forest or Plantation Pine Forest 5.10

19 West Gulf Coastal Plain Pine-Hardwood Forest Pineywoods: Dry Pine Forest or Plantation Pine Forest 343

22 West Gulf Coastal Plain Sandhill Oak and Pine Forest and Woodland Pineywoods: Sandhill Pine Woodland Pine Forest 1.95

75 West Gulf Coastal Plain Pine-Hardwood Flatwoods Pineywoods: Longleaf or Loblolly Pine Flatwoods or Plantation Flatwoods Pine Forest 1.48

Total 11.96
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Table 2.1: (Continued)

Value Ecological Common name Landcover Percent
Contribution
Riparian
(Type D)
53 West Gulf Coastal Plain Large River Floodplain Forest Pineywoods: Bottomland Temporarily Flooded Mixed Pine / Hardwood Forest Floodplain Mixed Forest 0.74
54 West Gulf Coastal Plain Large River Floodplain Forest Pineywoods: Bottomland Temporarily Flooded Hardwood Forest Floodplain CD Forest 1.48
56 West Gulf Coastal Plain Large River Floodplain Forest Pineywoods: Bottomland Deciduous Successional Shrubland Floodplain Deciduous Shrubland 0.56
57 West Gulf Coastal Plain Large River Floodplain Forest Pineywoods: Bottomland Herbaceous Wetland Floodplain Marsh 0.83
58 West Gulf Coastal Plain Large River Floodplain Forest Pineywoods: Bottomland Seasonally Flooded Hardwood Forest Floodplain Bottomland Forest 0.93
59 West Gulf Coastal Plain Large River Floodplain Forest Pineywoods: Bottomland Wet Prairie Floodplain Herbaceous 0.93
60 West Gulf Coastal Plain Large River Floodplain Forest Pineywoods: Bottomland Baldcypress Swamp Floodplain Swamp 1.76
62 West Gulf Coastal Plain Small Stream and River Forest Pineywoods: Small Stream and Riparian Temporarily Flooded Mixed Forest Riparian Mixed Forest 4.08
63 West Gulf Coastal Plain Small Stream and River Forest Pineywoods: Small Stream and Riparian Temporarily Flooded Hardwood Forest Riparian CD Forest 3.34
65 West Gulf Coastal Plain Small Stream and River Forest Pineywoods: Small Stream and Riparian Deciduous Successional Shrubland Riparian Deciduous Shrubland 1.02
66 West Gulf Coastal Plain Small Stream and River Forest Pineywoods: Small Stream and Riparian Herbaceous Wetland Riparian Marsh 1.48
67 West Gulf Coastal Plain Small Stream and River Forest Pineywoods: Small Stream and Riparian Seasonally Flooded Hardwood Forest Riparian Bottomland Forest 2.87
68 West Gulf Coastal Plain Small Stream and River Forest Pineywoods: Small Stream and Riparian Wet Prairie Riparian Herbaceous 2.87
69 West Gulf Coastal Plain Small Stream and River Forest Pineywoods: Small Stream and Riparian Baldcypress Swamp Riparian Swamp 0.83
70 West Gulf Coastal Plain Wet Hardwood Flatwoods Pineywoods: Wet Hardwood Flatwoods Flatwoods CD Forest 0.56
71 West Gulf Coastal Plain Flatwoods Pond Pineywoods: Herbaceous Flatwoods Pond Flatwoods Marsh 1.11
74 West Gulf Coastal Plain Seepage Swamp and Baygall Pineywoods: Seepage Swamp and Baygall Marsh 1.85
Total 27.25
Grassland
(Type E)
25 West Gulf Coastal Plain Sandhill Oak and Pine Forest and Woodland Pineywoods: Sandhill Grassland or Shrubland Grassland 0.93
81 West Gulf Coastal Plain Weches Glade Pineywoods: Weches Herbaceous Glade Grassland 1.11
82 West Gulf Coastal Plain Southern Calcareous Prairie Pineywoods: Southern Calcareous Mixedgrass Prairie Grassland 1.85
99 Mainly Natural Azonal Subsystems Pineywoods: Disturbance or Tame Grassland Grassland 4.73
Total 8.62
Agri/
Urban
(Type F)
110 Mainly Natural Azonal Subsystems Barren Barren 2.04
112 Mainly Natural Azonal Subsystems Open Water Open Water 2.59
113 Agriculture and other Human-related, Azonal Subsystems Row Crops Agriculture 2.22
114 Agriculture and other Human-related, Azonal Subsystems Grass Farm Grass Farm 1.11
118 Agriculture and other Human-related, Azonal Subsystems Urban High Intensity Urban High 1.39
119 Agriculture and other Human-related, Azonal Subsystems Urban Low Intensity Urban Low 1.67
Total 11.03
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Table 2.1: (Continued)

Value Ecological Common name Landcover Percent
Contribution
Pine Plantation
(Type G)
115 Agriculture and other Human-related, Azonal Subsystems Pine Plantation > 3 meters tall Pine Forest 5.10
116 Agriculture and other Human-related, Azonal Subsystems Pine Plantation 1 to 3 meters tall Pine Forest 4.73
Total 9.82
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Fixed kernel analysis using least squares cross validation (LSCV) to determine the
smoothing factor () is the favored method of estimating and expressing home ranges
(Worton 1995, Seaman and Powell 1996, Hemson et al. 2005). Although the Kernel
home range estimation method is the most statistically robust home range estimator in
use today and gives a predictive home range size and intensity of use estimation
(Seaman and Powell 1996, Borger et al. 2006, Mills et al. 2006), in some cases it can
produce results that over-smooth or under-smooth the data (Hemson et al. 2005). During
preliminary analysis of the data I discovered that in some cases, using LSCV, my data
suffered from both over-smoothing and under-smoothing. To overcome this problem,
and to make the home range and core estimates comparable between species, I used the
fixed kernel estimator and 0.85 href as the smoothing factor. I used all the locations for
both VHF and GPS collars to estimate the home range for each individual. I used the
95% utilization distribution (UD) to estimate the home ranges and the 50% UD to
estimate the core areas of use for all species, both on a seasonal and annual basis.

I used two-way analysis of variance (ANOVA) blocked by year to examine the
differences in home range and core areas of use among species. Similarly, [ used two-
way ANOVA blocked by year to examine the differences in home ranges and core areas
of use between sexes and across seasons. I blocked by year in the case of all species
because some individuals from all species were monitored for more than one year and
sample sizes were lower in the early portion of the study. Where I found significant
differences (P < 0.05), I used a multiple comparison test (Tukey HSD test) within

ANOVA to identify the specific component of that variable that led to the difference and
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the extent of that difference. All home ranges were estimated based on a minimum of 25
locations per season, with those locations distributed throughout the season. Because the
raw data did not conform to a normal distribution, I used a log transformation to
normalize the data. All analyses were performed on these transformed data. Unless
otherwise stated, all analyses were performed using Program R (R Development Core

Team 2008).

Home Range Overlap

Using the utilization distributions resulting from my home range estimates, I estimated
the degree of home range overlap between individuals of the same species (where and if
overlap occurred), and between species. I used two methods to do this, the Utilization
Distribution Overlap Index (UDOI) (Fieberg and Kochanny 2005), and the percentage
overlap method (Mizutani and Jewell 1998, Millspaugh and Marzluff 2001). The
utilization distribution overlap index is based on Hurlburt’s E/E iform Statistic (Fieberg
and Kochanny 2005). The UDOI rates the extent of overlap between a pair of home
ranges, based on the projected utilization distribution of the two individuals. Two home
ranges that do not overlap score an index value of 0, whereas home ranges that overlap
completely and are uniformly distributed score 1. However, an index score can exceed 1
for pairs that have a high degree of overlap, but are non-uniformly distributed (Fieberg
and Kochanny 2005, Berger and Gese 2007). The percentage overlap method uses the
area of overlap between two home ranges as a metric of the overlap. The area of overlap

is used as the numerator and each of the home range areas are used as denominators —
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this results in a pair of fractions that can then be converted to percentage values (White
and Garrott 1990, Mizutani and Jewell 1998, Millspaugh and Marzluff 2001). This is an
intuitive representation of the overlap between home ranges and I have included it here,
to facilitate comparison with other studies, despite criticisms that it might result in large
estimates of overlap even though the likelihood of finding the two animals in the same

area is negligible (Fieberg and Kochanny 2005).

Habitat Selection

I used a dedicated compositional analysis program, Compos Analysis 6.3+ (Smith et al.
2010), to estimate the species, seasonal and gender specific habitat selection displayed
by the study animals. This program used automated log-ratio analysis of compositional
data to stratify habitat preference based on radio-tracking data (Smith 2004). The
program followed the methods outlined for compositional analysis (Aebischer et al.
1993). I examined differences of log-ratios between habitat use and habitat availability
percentages using a multivariate analysis of variance (MANOVA). If I detected
significant differences between habitat use and availability, I constructed a ranking
matrix of t-tests to examine habitat preferences (Aebischer et al. 1993). To overcome
problems associated with the variability in the number of locations recorded for each
individual animal, I used a weighting function that uses the square route of the number
of locations for each individual and attributes a weighting to this set of locations

accordingly (Smith et al. 2010).

30



The absolute minimum number of individuals that compositional analysis is valid for is
6 (Aebischer et al. 1993). These analyses were further constrained by the fact that there
need to be at least as many sample units (animals) as there are habitat types, the upshot

of this is that for all my analyses I required a minimum of 7 individuals for all

compositional analyses.

Results

I monitored 18 bobcats (eight females and 10 males), 16 coyotes (seven females and
nine males), and 20 raccoons (nine females and 11 males), for varying lengths of time
(minimum = 3 months, maximum = 27 months), between January 2009 and August

2011.

Bobcats

For bobcats I estimated 23 annual (11 female and 12 male), 13 winter (six female and
seven male), 20 spring (eight female and 12 male), 16 summer (six female and 10 male),
and eight fall (three female and five male) home ranges and core areas (Table 2.2)
(Appendix 1). Bobcat home ran