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ABSTRACT
Wild pigs (Sus scrofa) are a prolific invasive species that have spread across the world

and inflicted severe damage in their introduced range. Wild pig management has developed in
response to a precipitous increase in abundance. Interpreting wild pig resource selection at
multiple scales of use can improve future removal and management efforts. I used GPS data
from wild pigs to understand resource selection at two spatial scales (home range and within
home range). Wild pigs preferred forested wetland and upland hardwood habitats, especially
those that have experienced longer intervals without prescribed fire. I also used GPS data to
assess fine-scale bedding site selection. Wild pigs preferred to construct beds within forests with
a lower basal area and more dense understory vegetation from 1-1.25 m above ground. Future
management could use these insights to prioritize removal and habitat modification to mitigate

wild pig damage.
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CHAPTER 1
INTRODUCTION AND LITERATURE REVIEW

The deliberate or unintended movement of organisms by humans has introduced species
to environments outside of their natural range (Essl et al. 2020). These novel environments often
lack ecological regulators that prevent introduced organisms from establishing populations or
outcompeting native species. When this occurs, invasive species thrive in newly found
environments, often with devastating impacts on native ecosystems (Barrios-Garcia and Ballari
2012, Simberloff 2013). Invasive species also negatively impact industries like forestry and
agriculture (Pimentel et al. 2000, Lovett et al. 2016, Strickland et al. 2020). The economic
impact of invasive species, while difficult to estimate, is substantial and threats to human health
are of equal concern (Simberloff 2013).

Invasive wild pigs (Sus scrofa), hereafter “wild pig(s)” are called many names including
feral pigs, wild boar, and wild hogs (Keiter et al. 2016). Wild pigs are considered one of the “100
world’s worst” invasive species (GISD 2023). Outside of their native range in Eurasia and
Northern Africa, wild pigs occupy every continent except Antarctica and populations are
projected to continue expanding (McClure et al. 2015, Lewis et al. 2017). Wild pigs were
introduced to North America as early as the 16" century by Spanish explorers (Mayer and
Brisbin 2009). These individuals were initially brought as livestock and ranged freely around
settlements (Mayer 2018). Subsequent voyages and later introductions of Eurasian wild boar
compounded this issue, bolstering the wild pig invasion across the continent (Mayer and Brisbin

2008). In the mid-20" century, most free-range practices in the contiguous United States (USA)



were outlawed. Unfortunately, illegal human transport of wild pigs accelerated their expansion
across the country (Hernandez et al. 2018). Sport hunting is a common pastime in the USA and
has incentivized the translocation of wild pigs to new areas for hunting (Tabak et al. 2017).
Populations increased precipitously in the 1990s and nation-wide abundance likely exceeds 6.9
million individuals in more than 31 states (Bevins et al. 2014, Lewis et al. 2019, USDA 2022)

Humans are not the only factor supporting the expansion of wild pigs in the USA. A high
reproductive output and lack of natural predators allow them to continue spreading (Bieber and
Ruf 2005, Mayer and Brisbin 2009). Juvenile females reach sexual maturity before one year of
age, at a mass of 30kg (Chinn et al. 2022). Once sexually mature, females can have more than
one litter per year, on average producing 5.3 fetuses per sow (95% CI =4.8-5.7) (Snow et al.
2020). This estimate was calculated by synthesizing 27 studies across North America and
variation in fetuses per sow was hypothesized to be a result of fluctuating ovulatory rates (Snow
et al. 2020). Females with piglets combine to form matriarchal groups, or sounders, that can
represent multiple generations while adult males often travel alone (Kaminski et al. 2005, Mayer
et al. 2020).

Wild pigs are dietary generalists, which allows them to exploit a range of environments
when searching for food (Ballari and Barrios-Garcia 2014). The primary foraging method
exhibited by wild pigs is rooting, a process in which they dig their snouts into the ground to turn
up food items in the soil (Mayer 2009, Gray et al. 20205). Rooting disrupts soil chemistry and
alters vegetative dynamics in the understory (Singer et al. 1984, Gray et al. 2020a). Damage
from rooting can result in increased species richness of understory vegetation although negative
impacts far outweigh the perceived good (Arrington et al. 1999, Hensel et al. 2021). Gray et al.

(2020a) found conflicting results in which wild pig rooting reduced herbaceous species diversity,



but these results may vary due to differences in the dynamics of forest and wetland systems.
Regardless, rooting negatively impacts vegetative communities by altering natural cycles,
especially when repeatedly disturbed (Sharp and Angelini 2019).

Damage from wild pigs is not limited to rooting; biological and environmental factors
drive wild pigs to behave in additionally destructive ways such as wallowing, rubbing, and
tusking (Graves 1984, Bracke 2011). Wallowing, a behavior in which wild pigs cover their
bodies in mud, is the more damaging of the three and poses a greater threat to native species due
to the increased potential for disease transmission (Bracke 2011, Eckert et al. 2019). Disease
spread is a particularly serious threat because wild pigs can carry 34 disease-causing pathogens
that are transmissible to livestock, native wildlife, and humans (Miller et al. 2017). Rubbing and
tusking, behaviors in which pigs rub against or dig their tusks into trees, primarily serve to
remove ectoparasites and debris (Gray et al. 20205). Rubbing and tusking, albeit not as impactful
as wallowing, still pose a threat to tree health (Gray et al. 20205).

Because rooting is a foraging behavior, wild pig damage is largely driven by the
availability of food sources. Plant matter makes up a vast majority of wild pig diets, but their
monogastric digestive system limits their ability to digest cellulose (Elston et al. 2005). The diet
composition of wild pigs can shift seasonally to account for access to energy-rich foods, for
instance exploiting hard mast availability in the fall (Henry and Conley 1972, Wood and
Brenneman 1980). Selective uptake of seeds can impact oak species recruitment and alter canopy
composition in later generations (Siemann et al. 2009). This study found that wild pigs exhibited
a preference for large-seeded species whereas Gray et al. (2020a) found no preference for seed
size. Newly recruited or recently planted seedlings are at risk of wild pig damage, including

cherry bark oak (Quercus pagoda) and longleaf pine (Pinus palustris) (Fern et al. 2020). A



single wild pig can destroy more than 400 planted longleaf pine seedlings in a day (Hopkins
1947). In other plantation forestry operations like pecan (Carya illinoinensis) orchards, wild pigs
have been documented to decrease harvest efficiency by 34% (Boyer et al. 2020). Given the
threat of losses within the industry, successful forest management and restoration depend on the
management of this invasive pest (Campbell and Long 2009).

Agricultural crops, when available, can serve as another primary food source and driver
of range expansion (McCann et al. 2003, Schley and Roper 2003, Snow et al. 2017). Damage to
crops is often cited as the largest contributor to losses associated with wild pigs. A recent
estimate in 12 US states found that damage costs approximately $272 million per year across 6
commonly planted crops (McKee et al. 2020). In rural Tennessee, a survey reported that costs
associated with wild pigs exceeded $28 million annually; $13 million of which was attributed to
agricultural damage (Poudyal et al. 2017). Corn (Zea mays) and peanuts (Arachis hypogaea)
incur the highest losses and most damage occurs immediately after planting and later when
plants mature (Anderson et al. 2016, Boyce et al. 2020). Damage to crops can increase when
fields are in closer proximity to forests and riparian areas. This is likely due to the juxtaposition
of habitats that wild pigs select for (Kay et al. 2017, Clontz et al. 2021).

During seasons in which protein-rich forage is less abundant, wild pigs can resort to
consuming vertebrates (Wilcox and Van Vuren 2009). Ground nesting birds including northern
bobwhite (Colinus virginianus) and wild turkey (Meleagris gallopavo) are susceptible to nest
depredation by wild pigs (Rollins and Carrol 2001, Sanders et al. 2020). Several species of native
mammals and herpetofauna have been documented in the opportunistic diet of wild pigs (Singer
et al. 1984, Jolley et al. 2010). These species were mostly fossorial though arboreal species were

also consumed when on the ground seeking warmer refugia (Jolley et al. 2010). Wild pigs have



also been documented depredating the nests of several species of endangered marine turtles
(McDonough et al. 2022).

Negative impacts on native species are not limited to predation or consumption. Native
wildlife in the Southeastern USA like eastern gray squirrels (Sciurus carolinensis) and northern
raccoons (Procyon lotor) can exhibit shifts in activity patterns in pig-invaded areas (Dykstra et
al. 2023). Wild pigs and other mast-consuming species including white-tailed deer (Odocoileus
virginianus), wild turkey, and black bear (Ursus americanus) share overlapping diets, increasing
the risk of competition for resources (Mayer et al. 2020).

Natural resource managers have employed a range of tactics to combat the invasion of
wild pigs (West et al. 2009). In contrast to successful eradication on islands across the world, the
coterminous USA is unlikely to ever be free of wild pigs (Katahira et al. 1993, Lombardo and
Faulkner 2000, Parkes et al. 2010, Cox et al. 2022). As a result, management strategies prioritize
mitigating damage (Massei et al. 2011). Intensive wild pig removal can improve water quality
and reduce agricultural damage across a treated landscape (Gaskamp et al. 2018, Bolds et al.
2022). Removal methods include corral trapping, ground shooting, aerial gunning, dog hunting,
and the Judas method (West et al. 2009, Campbell and Long 2009). Each approach has
advantages and limitations relative to seasonality, cost, and location (Campbell and Long 2009).
Aerial gunning from a helicopter can remove many pigs in a short time, but its success depends
on a sparse canopy (Massei et al. 2011). This vegetative structure occurs more commonly in
states like Texas than in the southeastern USA (West et al. 2009, Campbell et al. 2010). For
population and damage reduction, whole-sounder trapping with corral traps is recognized as the
most effective (Lewis et al. 2020). While many attractants are utilized to habituate and lure wild

pigs to a potential trapping site, no single lure or bait is as important as the location at which the



attractant is placed (Lavelle et al. 2017, Snow et al. 2022). Intuitively, placing attractants in
habitats that wild pigs frequent will yield greater success (Snow et al. 2022).

The use of toxicants deployed from pig-specific feeders is an emerging field of study
highlighting two compounds: sodium nitrite and warfarin (Poché et al. 2018, Beasley et al. 2021,
Snow et al. 2021). No states currently allow the use of toxicants due to concerns about non-target
impacts and unknown efficacy. A recent stakeholder survey in Alabama found that hunters,
farmers, and forest owners generally supported the use of toxicants if used properly and do not
threaten human health or water quality (Williams et al. 2021). The future of toxicant use in the
USA is promising and could be a useful addition to the current assortment of wild pig removal
methods.

Each method can be valuable on its own, though calculated implementation of multiple
tactics over time can increase the efficiency of a management program (McCann and Garcelon
2008, West et al. 2009). For example, once most pigs are trapped, more active and intense
measures can be taken to remove individuals from low densities (Cox et al. 2022). When high-
energy food sources like agricultural crops and hard mast are available, baiting and trapping can
be inadequate, prompting the need for more dynamic strategies (Wilcox et al. 2004).

Implementing a strategic removal program is critical because wild pigs can respond
negatively to removal pressure, especially after multiple unsuccessful attempts (Massei et al.
2011). Fischer et al. (2016) found that wild pigs in southern Missouri shifted home ranges and
increased diurnal movement after repeated removal attempts. However, in Alabama wild pigs
used smaller home and core ranges during seasons of high hunting pressure (Gaston et al. 2008).
This highlights the importance of immediate removal to prevent the dispersal of targeted groups

and reduce the potential for trap shyness (Saunders et al. 1993, Fischer 2016). The need for



adaptive management accounting for seasonality and location is a testament to the behavioral
plasticity exhibited by wild pigs. A commonly overlooked facet of wild pig management is post-
removal monitoring, which can help prevent subsequent recolonization and damage (Lewis et al.
2020, Massei et al. 2011). In cases where removal is restricted, like densely populated areas,
exclusionary fencing of valuable natural resources is a viable option although cost can be
limiting (Massei et al. 2011).

Identifying drivers of wild pig resource selection across multiple spatial scales is critical
for highlighting areas for future monitoring and management. Given their physiological needs,
thermoregulatory cover, and proximity to water are the most-limiting habitat factors for wild pigs
in the southeastern USA (Gaston et al. 2008, Friebel and Jodice 2009, Clontz et al. 2021). This
relationship has been documented across the world (Schlichting et al. 2016, Froese et al. 2017,
Kramer et al. 2022, Risch et al. 2022). In a primarily temperate region like the southeast USA,
wild pigs adapt their efforts to further exploit resources when climatic conditions permit such
movements (Baber and Coblentz 1986, Franckowiak et al. 2018). For instance, cooler and wetter
seasons allow pigs to move more freely across the landscape (Singer et al. 1981). In warmer and
drier seasons, dense bottomlands and riparian areas are selected for, because pigs lack the
physiological ability to thermoregulate (Kay et al. 2017, Franckowiak et al. 2018). This is not
always the case, because anthropogenic influences like hunting pressure can lead to smaller
home ranges in the wet season (Hayes et al. 2009). Seasons can also be defined in the context of
forage availability (Clontz et al. 2021). In this case, pigs move less when food is in greater
abundance and disperse to more diverse areas when sources are limited.

Differences in movement and home range size between males (larger) and females

(smaller) are evident, given the dispersing behavior of males and physical limitations on females



when farrowing (Singer et al. 1981, Friebel and Jodice 2009, Clontz et al. 2021). Variability in
estimated movement and home range can be due to differing spatial and temporal scales (Kay et
al. 2017). In the southeastern United States, home range sizes of wild pigs generally average 4-5
km?, although differences within the region are evident (Mayer et al. 2020). This emphasizes the
need for studies that investigate multiple scales to identify patterns that might not be visible
across the spatial or temporal extent of a study. Froehly et al. (2020) applied this to wild pig
behavior, finding that trapping success could increase during cooler seasons when food is less
abundant. Multi-scale studies allow researchers to identify the behavioral states of animals and
associate those states with landscape features and seasons (Clontz et al. 2021, Gray et al. 2022).
These behavioral associations to habitat characteristics allow natural resource managers to fine-
tune monitoring and removal efforts based on season and predicted behaviors like resting and
foraging (Clontz et al. 2021). To delineate suitable habitat for a particular species, researchers
commonly study resource selection at the 3™ order which falls within an animal’s home range
(Johnson 1980). This order, or spatial scale, is used most frequently because it can be used to
highlight habitat characteristics to be manipulated by managers to promote or reduce a species’
success.

At a finer spatial scale, bedding (or resting) site selection is understudied and can provide
valuable insight into prioritizing the placement of attractants for trapping and toxicants
(Ditchkoff and Bodenchuk 2020). Gaston et al. (2008) noted that while tracking wild pigs in
Alabama, many pigs were pushed out from bedding sites next to blown down trees and
recommended that removal be focused near those structures. In South Carolina, wild pig beds
were also found adjacent to structures like fallen logs or dense vegetation (Mayer et al. 2002). To

our knowledge, surrounding forest vegetation has not been used to assess fine scale resting site



selection. These characteristics could be used to prioritize trapping efforts and inform land
management decisions.

Given the variability in wild pig home range and resource selection across their invasive
range, the need for region-specific studies increases as they continue to expand their distribution
(Garza et al. 2018). The Red Hills region between Tallahassee, Florida and Thomasville,
Georgia, USA, encompasses 176,000 ha of privately-owned lands managed primarily for
northern bobwhite hunting and ecosystem management. This region is known for supporting vast
expanses of the longleaf pine-wiregrass (Aristida sp.) ecosystem and includes one of the few
remaining old-growth longleaf pine forests in the world. The Red Hills also accommodates a
variety of threatened and endangered species, including the highest density of red-cockaded
woodpeckers (Picoides borealis) on private lands in the world. The Red Hills is dominated by
old-field vegetation with loblolly (Pinus taeda) and shortleaf pine (Pinus echinata) filling a
majority of the open canopy.

Prescribed fire is a commonly used forest management practice in the region that
supports native wildlife habitat and reduces hazardous forest fuels (Block et al. 2016). In the Red
Hills, prescribed fire is applied on a 1-3-year frequency in the uplands. Unfortunately,
downslope ecotones around forested wetlands and riparian areas are excluded from fire on some
properties, creating a hard boundary between burned and unburned habitats. This exclusion from
fire has allowed mid-story hardwood species to encroach upslope toward firebreaks and exclude
valuable grasses and forbs that once dominated the understory (Brockway and Lewis 1997).
Dense mid-story vegetation around bottomland areas can serve as valuable refugia for wild pigs
and the historic suppression of fire in the region may increase that cover (Nowacki and Abrams

2008).



The goal of this study was to improve wild pig monitoring and removal strategies by
evaluating resource use in the Red Hills, an area in which wild pigs have not been studied. To
achieve this, my objectives included: 1) Assessing fine-scale resting site selection using
surrounding vegetation characteristics and 2) Evaluating 3™-order resource selection relative to
fire history and other factors (natural and anthropogenic) to prioritize removal efforts.
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ABSTRACT

Invasive species management depends on a thorough understanding of species behavior,
ecology, and natural history. Species-habitat relationships become increasingly complex when
habitats are altered by humans and natural disturbances. Invasive wild pig (Sus scrofa)
management has prioritized exploiting behaviors to improve removal efforts but has not focused
on how natural disturbances interact with these behaviors. Interpretating the association between
wild pigs and disturbance is critical because resource availability fluctuates in the presence of
disturbances like fire. We used a 3™ order resource selection function (logistic regression)
framework to interpret the interaction between prescribed fire history and wild pig movement
across two seasons based on forage availability. Our results suggest that wild pigs use habitats
similar to populations across the southeastern USA but prefer habitats having longer intervals
without fire. Our results can improve the ability to target areas susceptible to wild pig invasion
and provide cause to reintroduce fire to fire suppressed environments.
KEY WORDS
Disturbance, invasive species, prescribed fire, resource selection, Sus scrofa, wild pigs
INTRODUCTION

Wild pigs (Sus scrofa) are an invasive species that threaten a variety of environments,
organisms, and industries across the world (Barrios-Garcia and Ballari 2012). Although native to
Eurasia and North Africa, wild pigs occupy every continent except Antarctica and their
distribution is projected to continue expanding (McClure et al. 2015, Lewis et al. 2017). Since
their introduction to North America in the 1500s by Spanish explorers, wild pigs have expanded
across the continent by both natural and anthropogenic means (Mayer and Brisbin 2008,

Hernandez et al. 2018). In the United States, wild pigs can negatively impact native wildlife,
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including the opportunistic consumption of small mammals and herpetofauna as well as the
depredation of game bird nests (Singer et al. 1984, Jolley et al. 2010, Sanders et al. 2020). Along
with potential impacts to native wildlife, industries like agriculture and forestry are also
susceptible to wild pig damage given their destructive feeding behavior known as rooting
(Hopkins 1947, Boyer et al. 2020). Rooting is a process in which pigs dig their snouts into the
ground to turn up food items in the soil (Mayer 2009). The cost of wild pig damage and control
is difficult to estimate, however a recent study found that damage to 6 types of crops across 12
US states costs farmers nearly $272 million per year (McKee et al. 2020).

To reduce damage from wild pigs, managers utilize a combination of methods including
night shooting, aerial gunning, whole-sounder removal, and the judas technique (West et al.
2009, Massei and Bunting 2011, Ditchkoff and Bodenchuk 202). These methods, while
potentially successful alone, are most effective when used in concert with each other as
circumstances change throughout a removal program. As wild pigs may become more wary of
traps or shift behavior due to pressure, more active measures like night shooting can be
employed (Massei and Bunting 2011, Fischer et al. 2016). A commonality among all methods is
a dependence on the detection of pigs, and removal often occurs in response to detection.
Proactive measures like exclusionary fencing of natural resources are viable but can be costly
(Massei and Bunting 2011).

A critical component of invasive species management, especially with wild pigs, is an
understanding of resource selection. By exploiting habits exhibited by invasive species, wildlife
managers and researchers can target areas prone to invasion and employ measures to reduce
damage. Resource selection is a hierarchical process in which species/habitat relationships exist

at multiple specific spatial scales (Johnson 1980). Suitable habitat is commonly defined at the 3™
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order, which describes decisions animals make relative to availability within home ranges.
Highlighting this scale of selection allows researchers to make predictions of animal habitat use
to promote valuable native species or mitigate damage caused by invasives (Clontz et al. 2021).
Wild pigs can quickly adapt to new environments given their generalist diet and variable habitat
selection (Ballari and Barrios-Garcia 2014). Resource selection exhibited by wild pigs varies by
region but is restricted mostly by thermoregulatory cover and proximity to water (Gaston et al.
2008, Friebel and Jodice 2009, Clontz et al. 2021). Forage, including crops, in the southeastern
United States varies spatiotemporally which causes a subsequent shift in wild pig movement and
space use (Wood and Brenneman 1980, Boyce et al. 2020). Regionally distinct wild pig removal
efforts depend on a detailed understanding of local resource use to prioritize areas for monitoring
and management (Garza et al. 2018).

In the southeastern USA, dense vegetative cover is critical for wild pigs because they
lack the physiological ability to thermoregulate (Kay et al. 2017). Thickets of viny species like
muscadine (Vitis sp.) or trees including sweetgum (Liquidambar styraciflua) and red maple
(Acer rubrum) offer shade from the sun during the heat of the day. Prescribed fire, a commonly
used forest management practice in the Southeast, is often applied to reduce the accumulation of
these species and promote native wildlife habitat (Block et al. 2016). This includes the regular
top-killing of hardwoods to limit their growth. These species, and others, thrive in the absence of
fire and accumulate in shaded, fire-suppressed forests (Nowacki and Abrams 2008). Upland pine
communities regularly experience fire every 1-3 years, although riparian edges and upland
hardwood communities have longer fire return intervals, allowing for mesophytic species to
encroach upslope (Nowacki and Abrams 2008). Dense vegetative cover in these fire-excluded

areas often occurs near water and could provide valuable refugia for wild pigs. We sought to
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evaluate the relationship between prescribed fire history and 3™ order wild pig resource selection
to improve management strategies for wild pigs. Habitat modification, including the
reintroduction of prescribed fire to a fire-suppressed landscape, could be a useful management
tool for limiting wild pig invasion and promoting native wildlife habitat.
STUDY AREA

Our study was conducted on 8 private quail plantations within Leon and Jefferson
counties, Florida, and Thomas County, Georgia USA (Figure 2.1). Known as the Red Hills
region, this area falls between Thomasville, Georgia and Tallahassee, Florida and is bordered to
the east and west by the Aucilla and Ochlocknee rivers, respectively. The Red Hills region
encompasses 176,000 hectares of primarily private lands managed for northern bobwhite
(Colinus virginianus) hunting and ecosystem management. Most of the Red Hills is comprised of
old field loblolly pine (Pinus taeda) and shortleaf pine (P. echinata) regeneration with old
growth and second growth longleaf pine (P. palustris)-wiregrass (Aristida sp.) mixed throughout.
Given the topographic gradient within the Red Hills, hardwood and bottomland habitat consist of
upland oak (Quercus sp.) and hickory (Carya sp.) forests leading downslope into forested
wetlands comprised of cypress (Taxodium sp.) and tupelo (Nyssa sp.). Agricultural fields,
although small (<6 hectares), are scattered throughout most properties. Field plantings varied
across our study area depending on management goals, but managers in the region avoided
planting corn (Zea mays) in recent years due to losses attributable to pigs. Fields are harrowed
annually and intermittently left fallow to grow in annual weeds to support northern bobwhite and
wild turkey (Meleagris gallopavo) brood habitat. Prescribed fire was regularly applied in the

uplands on 2-year intervals to promote wildlife habitat and reduce hazardous fuels (Sisson et al.
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2017). Historic fire suppression of riparian and upland hardwood communities has occurred in
portions of the region, allowing for mesophytic vegetation to envelop the midstory.
METHODS
Wild Pig GPS-Collaring and Monitoring

Trapping was conducted by US Department of Agriculture Animal and Plant Health
Inspection Service (USDA APHIS) Wildlife Services during intensive removal efforts in the
region. Corral-style traps were baited with corn and monitored with cellular cameras (Ditchkoff
and Bodenchuk 2020). We physically restrained individuals within traps and fitted them with
Vectronic-Aerospace Vertex™ Lite GPS collars (Vectronic-Aerospace, Berlin, Germany). For
each individual captured, we recorded the sex, approximate age (sub-adult or adult), overall
condition, and morphological measurements (head length, body length, heart girth). To maintain
handling efficiency and reduce cost, we did not anesthetize captured pigs but used only physical
restraint. For safety concerns, we collared only individuals that were visually estimated to weigh
less than 45 kg. GPS collars recorded location fixes at 2-hour intervals between December 2021
and March 2022 and we later increased to 1-hour intervals in March 2022 until April 2023. To
reduce location bias, we removed GPS fixes that were not 3D validated (four or more satellites
acquired). We also censored location data within the first 3 days of deployment to account for
any post-capture behavioral shifts. We conducted all capture and handling methods in
compliance with the Tall Timbers Institutional Animal Care and Use Committee (JACUC #
2023-003).
Landscape Classification and Home Range

We used a 30 m resolution land cover raster data layer for the Red Hills region provided

by Tall Timbers Research Station (TTRS) Geospatial Laboratory to define available vegetative
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communities within our study area. We classified land cover data into seven distinct groups:
urban, open water, fields/agriculture/pasture, upland pine, upland hardwood, planted pine, and
forested wetland. Land cover raster models were reclassified into distance-based variables using
the Euclidean Distance tool in ArcGIS pro (Esri, Redlands, CA, USA). This created 7 separate
raster data models representing the Euclidean distance from every raster cell to the nearest patch
of each land cover type (Conner et al. 2003). GPS locations within the land cover of interest
were recorded as 0 m. Land cover data included primary and secondary roads in the urban
category, allowing us to interpret it as distance to roads because our study area was entirely rural
containing few small communities especially within home ranges. We used 30 m resolution fire
history data delineated by Teske et al. (2021) from Landsat burned area products developed by
Hawbaker et al. (2020). We used time since previous fire (TSF), in years, to evaluate the
relationship between wild pig habitat use and prescribed fire. We classified fire history data by
years since the last fire occurred from 1994 to 2022. We reclassified cells with no data as “29” to
indicate no fire had been detected since 1994.

We used a 95% fixed kernel density estimate (KDE) to map utilization distribution (UD)
for each individual and construct home ranges using the adehabitatHR package in program R (R
Core Team 2022, Calenge 2023). We used an ad-hoc “href” bandwidth estimator and a bivariate
normal “bivnorm” kernel. Home ranges were separated into two distinct seasons based on low
and high forage availability: January-April and May-December, respectively (Clontz et al. 2021).
Because we separated home ranges by forage availability, we were able to evaluate selection
based on forage availability within our model. To sample available habitat, we systematically
sampled points every 30 m within seasonal home ranges to match the resolution of our raster

data and provide an accurate estimate of 3™ order availability (Benson 2013).
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Statistical Analyses

We used a resource selection function framework to evaluate wild pig resource selection
(Manly et al. 2002). We used a generalized linear mixed-effects model (GLMM) with a binary
response variable and logit link to predict probability of use relative to available habitat within
seasonal home ranges. Only used and available locations within home ranges were used in our
analysis. To make useful comparisons between effect sizes, we standardized each continuous
variable to have a mean of 0 and a standard deviation of 1. We used variance inflation factors
(VIFs) to account for multicollinearity in our model and removed covariates that had a VIF > 4.
To account for the effect of variation among individuals, we included a random effect for animal
ID. We fit a single global generalized linear mixed effects model (GLMM) rather than using
model selection because we were interested in evaluating the effect of each variable rather than
achieving parsimony. We included interaction terms within our model between TSF and distance
to each land cover type, as well as between forage season and the distance to each land cover
type. We used Ime4 package in the statistical computing software R 4.2.1 for all analyses (Bates
etal. 2015, R Core Team 2022)
RESULTS

From December 2021 to November 2022, we collared 13 wild pigs (7 male, 6 female)
(Table 2.1). Between 15 December 2021 and 04 April 2023, we collected 58,973 cleaned and
filtered GPS fixes. We monitored individuals between 48 and 315 days (Table 2.1). Mean 95%
home range size across individuals was 11.39 km? (95% CI: 7.05, 15.73). Mean male home
range (X = 15.66 km?; 95% CI: 9.79, 21.52) was larger than female home range size (X = 6.41
km?; 95% CI: 2.63, 9.04). Wild pigs in our study area were found nearer to forested wetlands,

upland hardwoods, and fields while avoiding planted pines and upland pines regardless of season
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(Table 2.2). Wild pigs selected habitats closer open water in the high forage season but further
from them in the low forage season (Table 2.2). Roads were used proportionally to availability in
the low forage season, but then were avoided in the high forage season (Table 2.2). TSF
interacted significantly with each land cover type except upland hardwood. Increasing TSF
increased probability of use within forested wetlands, both pine communities, and near roads.
Conversely, increasing TSF decreased relative probability of use in fields and wetlands (Table
2.2).

DISCUSSION

We did not observe seasonal variation in wild pig resource selection relative to forage
availability, contrary to Clontz et al. (2021). Distance to open water was the only covariate that
indicated a change from selection to avoidance between seasons (Figure 2.2). Wild pigs showed
no preference or avoidance for roads in the low forage season but then strongly avoided them in
the high forage season. This could be due to the presence of managers in the area frequently
using roads or simply that roads are typically further from water. Wild pig selection for areas
near water is well-documented in the Southeast in which pigs rely more heavily on water in the
warmer months for thermoregulation (Kay et al. 2017, Franckowiak et al. 2018, Gray et al.
2020). Forested wetlands were preferred year-round, which could also be a function of the
available cover near water.

We expected to identify seasonal shifts in selection for fields where pigs used them more
frequently in the high forage season and avoided them in the low forage season, although we
found no such relationship. Contrary to other regions in the southeastern coastal plain,
agricultural fields in the Red Hills are often left fallow and disked in December or January to

promote ragweed (Ambrosia artemisiifolia) and support northern bobwhite brood habitat (Harper
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2007). Although ragweed may provide dense cover from the sun later in the growing season,
there is no added incentive given its lack of nutritional value for wild pigs. Discing involves
turning up the soil, in a similar fashion to wild pig rooting, which could increase access to food
items within the soil column and increase use in those areas. Fields were preferred year-round,
which could also be due to another commonly used habitat management method in the Red Hills,
supplemental feeding. Supplemental feeding occurs throughout the year and involves spreading
sorghum (Sorghum bicolor) seed across a predetermined feed trail on a bi-weekly basis
(Wellendorf et al. 2017). Feed lines often weave through pine uplands and around fields which
could provide a valuable year-round food source for wild pigs, thus increasing their selection for
those habitats during times when fields are not planted.

We also expected to find temporal variation in wild pig resource selection in upland
hardwood habitats in which use was more probable when hard mast was available in the early
winter (Henry and Conley 1972). Our results did not support our predictions, because selection
was similar throughout the year. Preference for upland hardwood habitats was slightly greater in
the high forage season, though not significant. In 2022, hard mast was more abundant and more
persistent than normal which could have increased preference for upland hardwood habitats for
longer than expected (USDA WS trappers, personal communication). Avoidance of both pine
communities was evident regardless of season. Upland pine habitats in the Red Hills are often
open canopy forests with relatively low basal area which allowed abundant sunlight to reach the
ground and could exceed temperatures that pigs can tolerate.

Fire history significantly interacted with all habitat variables except distance to upland
hardwood. Fire exclusion allows dense midstory vegetation to accumulate and can provide

thermal cover for wild pigs. Upland and planted pine habitats were mostly avoided by pigs in our
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study area, except in areas with a longer time since fire (Figure 2.3). Areas like these in the Red
Hills are often too hot for wild pigs during the summer months given their more open canopy
and often grassy understory. Unfortunately, some upland and planted pine communities have
been long excluded from fire, and the grassy understory has been replaced with dense hardwoods
like sweetgum and various oak species. Although these species do not regularly reach the
canopy, fire-suppressed pine forests are often dense with these species in the midstory and allow
wild pigs to use these areas during warmer periods. Most upland pine communities in the Red
Hills lack intact native ground cover given the agricultural history in the region and are primarily
old-field forests comprised of loblolly/shortleaf pine woodlands. Forested wetlands, the most-
used habitat by wild pigs, were used more frequently with increasing TSF. Forested wetlands and
riparian edges have a longer fire return interval than upland pine savannas, therefore, prescribed
fires should be allowed to creep into these areas and naturally extinguish when conditions allow.
Unfortunately, firebreaks limit the ability for fire to naturally spread into the bottomland
landscape, leaving it to become overgrown.

Our study indicates that prescribed fire history impacts wild pig resource selection and
could be used to closely monitor areas susceptible to wild pig invasion. Wetlands and upland
pine forests in the Red Hills provide valuable habitat for a suite of threatened and endangered
plants and animals that are susceptible to the impact of wild pigs. Many of these species,
including gopher frogs (Lithobates capito) and striped newts (Notophalmus perstriatus), rely on
fire in weedy wetlands (Roznik and Johnson 2017). Maintaining a more natural fire regime could
reduce wild pig use and limit potential damage while also promoting the necessary habitat for

imperiled native species.
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MANAGEMENT IMPLICATIONS
Our results suggest that wild pigs selected areas in which fire has been excluded from the

landscape. Although managers in the Red Hills region regularly use fire to promote northern

bobwhite habitat, ecotones between riparian areas and upland pine communities are left in the

“fire shadow” and provide valuable refugia for wild pigs. The benefits of returning uplands and

bottomland hardwoods to a more natural fire regime do not only include those relative to native

flora and fauna but could also help mitigate wild pig use.
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Table 2.1 Individual data for GPS collared wild pigs in the Red Hills region of North Florida and South Georgia, USA. Home ranges
were calculated using a 95% fixed kernel density estimator. Collared pigs were monitored between December 2021 and April 2023.

Home Fix
ID  Sex Property Age Range Rate Length Numb.er of

(km?) (hr)* (days) Locations
W1 Male Dekle Sub-adult 1.61 2 48 576
W2  Male Livingston Place Adult 16.55 2,1 313 6570
W3 Male Elsoma Adult 20.86 2,1 109 1990
W4  Male Meander Sub-adult 24.13 1 260 6197
W5  Male Mays Pond Sub-adult 9.88 1 163 3941
W6 Male Mays Pond Adult 14.32 1 246 6037
W8 Male Warbick Farms Sub-adult 22.27 1 245 5900
Y26 Female Livingston Place Adult 5.24 2,1 314 6624
Y28 Female  Elsoma Adult 3.88 2,1 215 4602
Y29 Female Kelly Pond Sub-adult 2.75 1 268 6697
Y30 Female  Warbick Farms Sub-adult 11.20 1 187 4512
Y31 Female Loveridge Sub-adult 2.02 1 108 2306
Y36 Female  Warbick Farms Adult 13.37 1 130 3021

aFix rates were changed from 2-hour 1-hour for 4 individuals.
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Table 2.2. Results from a generalized linear mixed model to evaluate wild pig 3™ order resource
selection in the Red Hills region of North Florida and South Georgia, USA between December
2021 and April 2023.

95 % CI
Land cover® Interaction B Lower Upper RSS® P<0.05
Forested wetland ~ Low forage -0.528 -0.556 -0.501 0.590 *
High forage -0.452 -0.513 -0.392  0.636 *
Time since fire -0.118 -0.135 -0.101 0.889 *
Fields Low forage -0.223 -0.249 -0.197  0.800 *
High forage -0.179 -0.230 -0.128  0.836 *
Time since fire 0.312 0.292 0.332 1.366 *
Upland pine Low forage 0.538 0.495 0.582 1.713 *
High forage 0.658 0.573 0.743 1.931 *
Time since fire -0.672 -0.706  -0.639 0.511 *
Upland hardwood  Low forage -0.196 -0.225 -0.166  0.822 *
High forage -0.264 -0.324 -0.205  0.768 *
Time since fire 0.019 -0.003 0.041 1.019
Planted pine Low forage 0.328 0.304  0.352 1.388 *
High forage 0.047 -0.004  0.098 1.048 *
Time since fire -0.096 -0.111 -0.081 0.908 *
Open water Low forage 0.172 0.152  0.191 1.187 *
High forage -0.142 -0.185 -0.100  0.867 *
Time since fire 0.170  0.158 0.182 1.185 *
Roads Low forage 0.004 -0.020  0.027 1.004
High forage 0.130 0.078  0.181 1.138 *

Time since fire -0.058 -0.072  -0.043 0.944 *

? Euclidean distance (m) to the nearest patch of those cover types.

bRelative selection strength (RSS) is the exponentiated B coefficient estimate. Because land
cover is distance based, RSS values are to be interpreted inversely, where selection is less than 1
and avoidance is greater than 1.

42



0.4 1

()
[2)
!
Y—
(@]
_2,0.3
= Forage Availability
@
-Col . Low (Jan-Apr)
& B High (May-Dec)
(0]
=
©
O
oY 0.2
0.1

0 500 1000 1500
Distance to Open Water (m)
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CHAPTER 3
WILD PIG (SUS SCROFA) BEDDING SITE SELECTION IN THE RED HILLS REGION OF

NORTH FLORIDA AND SOUTH GEORGIA, USA

Terrazas, C., K. Sash, and M. T. Mengak. To be submitted to Wildlife Society Bulletin.
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ABSTRACT

Invasive wild pig (Sus scrofa) management has concurrently developed with their
increasing distribution in past decades. Management techniques have prioritized abating
economic damage through various methods of control. Corral trapping, the most common,
involves habituating pigs to bait and ultimately luring sounders into a trap for removal. Bait
location is critical with bait typically placed between areas that pigs frequent like bedding and
foraging grounds. Wild pigs leave behind a significant amount of evidence of foraging through
their distinct rooting behavior. However, bedding cover is more difficult to identify due to the
cryptic tendency of animals to hide while resting. Wild pig resource selection is well-
documented throughout North America, but bedding cover selection is relatively understudied
and could provide valuable insights into their ecology and management. We used GPS data from
13 wild pigs to identify and evaluate bedding sites and their surrounding vegetative structure.
Logistic regression analysis of use-availability data revealed that wild pigs constructed beds
located in lower basal area forest patches. Increasing vertical cover from 1 to 1.25 m above the
ground increased the likelihood of pigs using an area for bedding. Our model did not suggest that
canopy cover and ground cover composition of forbs, grasses, bare ground, or woody vegetation
impacted the probability of a pig bedding at a particular site. Interpreting the relationship
between invasive species behavior and fine-scale resource use can help managers increase the
efficiency of removal efforts.
KEY WORDS

Bedding sites, invasive species, resource selection, resting cover, Sus scrofa, wild pigs
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INTRODUCTION

Wild pigs (Sus scrofa) are a prolific invasive species across the world that inflict
significant damage to native ecosystems, agriculture, and native wildlife while posing threats to
human health (Barrios-Garcia and Ballari 2012, Miller et al. 2017). Wild pig populations have
increased throughout North America since their introduction in the 1500s by Spanish explorers
(Mayer and Brisbin 2008). This species has expanded in range due to its reproductive capability,
generalist diet and habitat, and lack of natural predators (Bieber and Ruf 2005, Mayer and
Brisbin 2009, Chinn et al. 2022). Humans have contributed to this expansion by moving animals
to increase wild pig hunting opportunities (Hernandez et al. 2018). These factors have
contributed to the current distribution of wild pigs in the United States where abundance is
estimated at approximately 6.9 million individuals in 31 states (Ballari and Barrios-Garcia 2014,
Bevins et al. 2014, Lewis et al. 2019, USDA 2022).

The extent of wild pig damage is primarily due to their foraging behavior known as
rooting. Rooting, the process in which pigs dig their snouts into the soil to find food items, can
alter plant community succession and lead to considerable agricultural losses (Arrington et al.
1999, Siemann et al. 2009, Anderson et al. 2016). Row crops are the most affected, although
rooting can also negatively impact production of pecans (Carya illinoinensis) and recently
planted longleaf pine (Pinus palustris) seedlings (Hopkins 1947, Boyer et al. 2020, McKee et al.
2020). Given the opportunistic diet of wild pigs, ground nesting birds like eastern wild turkey
(Meleagris gallopavo) and northern bobwhite (Colinus virginianus) are also susceptible to nest
depredation by rooting pigs (Rollins and Carrol 2001, Sanders et al. 2020). Another significant
wild pig concern is the threat of disease transmission to native wildlife, livestock, and humans.

Introduction of nonnative species can lead to the introduction of nonnative diseases and have
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devastating impacts on industries including commercial pork production (Miller et al. 2017, You
etal. 2021).

Wild pig management focuses primarily on protecting valuable resources and reducing
damage (Massei et al. 2011). Common methods include corral trapping, night shooting, aerial
gunning, and the judas method (West et al. 2009, Campbell and Long 2009). Corral trapping is
the most common because of its efficiency in the field despite challenges like limited funding
and personnel. This method also increases the chance of eliminating an entire social group, or
sounder, which can significantly improve removal programs (Lewis et al. 2020). Identifying pig
movement patterns and highlighting predictable behaviors is critical for bait placement during
the pre-trapping period. Wild pigs cannot independently regulate their body temperature, thus
their movements prioritize dense cover and proximity to water, especially in the southeastern
USA (Friebel and Jodice 2009, Clontz et al. 2021). Exploiting these behaviors during trapping
ensures that wild pigs encounter the bait and become habituated to the trap site. Ditchkoff and
Bodenchuk (2020) recommend placing bait, most commonly whole kernel corn, along
movement corridors between bedding cover and foraging areas. Detecting foraging areas used by
wild pigs is relatively simple because of the damage left behind from rooting, whereas bedding
areas are more difficult to find.

Current knowledge of wild pig bedding habits is incidental in nature and studies have not
focused primarily on this behavior. For instance, wild pigs use blown down trees and other
structures that harbor dense climbing vegetation for resting/bedding cover (Mayer and Brisbin
2002 and Gaston et al. 2008). Resource selection at the third order, within an animal or group’s
home range, is valuable for a general understanding of this behavior (Johnson 1980, Clontz et al.

2021). However, finer-scale inferences can assist managers in prioritizing more exact locations
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for bait placement. Wild pigs might also interact with landscape-level characteristics differently
than finer-scale features like the vegetation surrounding a bed, demonstrating a hierarchical
relationship (Johnson 1980). We assessed the relationship between wild pig bedding site
selection and fourth order habitat features, site-specific resources that are acquired within the
home range (Johnson 1980). Detecting these relationships can help prioritize bait placement for
trapping and provide justification for altering habitat to reduce invasion risk through forest
management practices like prescribed fire and mechanical treatment.
STUDY AREA

Our study was conducted on 8 private properties that focus on northern bobwhite
(Colinus virginianus) management within Leon and Jefferson counties, Florida, and Thomas
County, Georgia USA (Figure 3.1). Known as the Red Hills region, this area falls between
Thomasville, Georgia and Tallahassee, Florida and is bordered to the east and west by the Aucilla
and Ochlocknee rivers, respectively. The Red Hills region encompasses 176,000 hectares of
primarily private lands managed for northern bobwhite hunting and ecosystem management.
Most of the Red Hills is comprised of old field loblolly pine (Pinus taeda) and shortleaf pine (P,
echinata) regeneration with old growth and second growth longleaf pine (P. palustris)-wiregrass
(Aristida sp.) mixed throughout. Given the topographic gradient the Red Hills is known for,
hardwood and bottomland habitat consist of upland oak (Quercus sp.) and hickory (Carya sp.)
forests leading downslope into forested wetlands comprised of cypress (Taxodium sp.) and tupelo
(Nyssa sp.). Agricultural fields, although small (<6 hectares), are scattered throughout most
properties. Field plantings varied across our study area depending on management goals, but
managers in the region avoided planting corn (Zea mays) in recent years due to losses

attributable to pigs. Fields are harrowed annually and intermittently left fallow to grow in annual
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weeds to support northern bobwhite and turkey (Meleagris gallopavo) brood habitat. Prescribed
fire is regularly applied in the uplands on 2 to 3-year intervals to promote wildlife habitat and
reduce hazardous fuels (Sisson et al. 2017).
METHODS
Wild Pig Radio-Collaring and Monitoring

Trapping was conducted by USDA APHIS Wildlife Services between December 2021
and November 2022 in conjunction with intensive removal efforts in the region. Corral-style
traps were baited with corn and monitored with cellular cameras (Ditchkoff and Bodenchuk
2020). We physically restrained 1-2 individuals within traps and fitted them with Vectronic-
Aerospace Vertex™ Lite GPS collars (Vectronic-Aerospace, Berlin, Germany). For each
individual collared, we recorded sex, approximate age (sub-adult or adult), overall condition, and
morphological measurements (head length, body length, heart girth). To maintain handling
efficiency and reduce cost, we did not anesthetize captured pigs but used only physical restraint.
For safety concerns, we collared only individuals that were visually estimated to weigh less than
45 kg. GPS collars recorded location fixes at 2-hour intervals initially and were later increased to
I-hour intervals in March 2022 until April 2023. To reduce location bias, we removed GPS fixes
that were not 3D validated (four or more satellites acquired). We also censored location data
within the first 3 days of deployment to account for any post-capture behavioral shifts. We
conducted all capture and handling in compliance with the Tall Timbers Institutional Animal
Care and Use Committee (IACUC # 2023-003).
Resting/Bedding Sites

We used the proprietary software Inventa™ (Vectronic-Aerospace, Berlin, Germany) to

visually inspect locations in real time to identify potential bedding areas. Locations (i.e., GPS
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fixes) were considered potential bed sites when pig movements created clusters of locations that
occurred within at least a 6-hour period (3 locations for 2-hour fix rates and 6 for 1-hour fixes).
These clusters were then recorded and visited within 4 weeks to observe signs of bedding
including flattened vegetation, circular impressions in the ground, and concentrated tracks or
scat. We excluded potential sample locations that exhibited no sign of bedding behavior from
analysis. We employed a “used-available” design to compare habitat at bedding sites to an
available site located 30 m from a bed in a random direction (Johnson et al. 2006). For every
collared pig, we sampled 5 confirmed bedding sites and at least another 5 if the collar was
deployed for more than 4 months. We did not resample beds that were used repeatedly. At each
solitary bed and random site, we measured overstory canopy density (%), groundcover
composition (%), basal area (m?/ha), and vertical obstruction (%). We estimated overstory
canopy density using a spherical densiometer at the plot (pig bed) center. Groundcover
composition was visually estimated within six 1 m? quadrats along a 10 m transect placed in a
random direction from the center of the bed. We separately estimated the percent cover of
grasses, forbs, leaf litter, bare ground, and woody species to the nearest 5 percent. Basal area of
live tree stems was measured at 1.37 m (breast height) using a 10-factor prism. We measured
vertical obstruction in 0.25 m increments up a 1.25 m vegetation profile board from 10 m away
(Nudds 1977). We classified percent obstruction into 5 cover classes (0-20%, 21-40%...81-
100%) and the midpoint of each cover class was used for analysis.
Statistical Analyses

We used a generalized linear model (GLM) with a binary response variable and logit link
to predict the probability of a pig bedding in a location relative to available random sites. We

used each variable as a covariate in a global logistic regression model after accounting for
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multicollinearity. We calculated variance inflation factors (VIFs) for all covariates in the model
and omitted those with VIFs > 4. Leaf litter composition (VIF = 1360) was removed from the
model and remaining covariates were under our VIF cutoff threshold of 4. We fit a single global
GLM rather than using model selection because we were interested in evaluating the effect of
each variable rather than achieving parsimony. All analyses were conducted using the stats
package in the statistical computing software R 4.2.1 (R Core Team 2022).
RESULTS

From December 2021 to November 2022, we collared 13 wild pigs (7 male, 6 female)
(Table 3.1). Between 15 December 2021 and 04 April 2023, we identified and sampled 114 beds
used by wild pigs and 114 associated random sites across our study area (Table 3.2). Beds were
more likely to occur in areas with lower basal area (f = -0.046, 95% CI: -0.092, -0.004, P =
0.0380) and more dense vertical cover from 1 — 1.25 m above the ground (B = 0.024, 95% CI:
0.008, 0.040 P =0.0031) (Table 3.3). Our model suggests that a 1 m?/ha increase in basal area
decreases the relative probability of using an area for bedding by 4.5%. Furthermore, our model
suggests that a 1% increase in vertical cover between 1 and 1.25 m above the ground increases
the relative probability of bedding in an area by 2.4%. Ground cover composition, across all
plant groups, and overstory canopy cover had no statistically significant effect on the relative
probability of bedding in a particular area (Table 3.3).
DISCUSSION

Wild pigs in our study area exhibited no selection for bedding based on percent canopy
cover. Pigs lack thermoregulatory mechanisms forcing them to select daytime cover that
provides shade from the sun (Kay et al. 2017). Mayer et al. (2002) found solitary beds in South

Carolina in which pigs were bedding under a more closed canopy compared to farrowing nests.
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The association between this species and a dense canopy has also been identified at a coarser
spatial resolution as well (Clontz et al. 2021). Our results suggest that this selection might be
scale dependent, due to the lack of significance in our findings at a finer spatial resolution.

Basal area, a measurement more commonly used for timber management, also has its
applications for describing wildlife-habitat relationships (Rosche et al. 2019). Basal area has not
been used to evaluate pig habitat, but pigs have been documented bedding near large diameter
trees (Mayer et al. 2002). Therefore, we predicted that wild pigs would construct beds within
higher basal area forests. Our results contradicted our expectations, because pigs in our study
were more likely to rest in areas with lower basal area (Figure 3.2). Basal area not only
represents tree size, but rather a combination of tree size and tree density within an area. Because
we used a basal area prism, we are unable to untie the relationship between tree size and density.
However, relatively high estimates of canopy cover (~85%) in used and available sites suggest
that cover was primarily comprised of shrubby, shade-tolerant species that were not recorded in
basal area measurements.

Vegetative obstruction allows wildlife managers to characterize cover, in this case for
bedding, along the ground and often up a vertical gradient (Nudds 1977). We shortened our
vegetation profile board to more closely describe the perspective of a wild pig to understand how
understory density relates to bedding cover. Our results suggest that understory density above the
head of a pig (1 — 1.25 m) is especially important in the decision to bed in a particular area
(Figure 3.3). Mayer et al. (2002) also recorded most solitary pig beds located within a denser
understory when compared to farrowing nests. Dense vegetation above the ground suggests that
wild pigs primarily bed within forests with a later successional understory dominated with shrubs

and shade-tolerant species. This vegetation complex is common within bottomland ecotones in
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the Red Hills that are dominated by mature loblolly pine. These forests are often excluded from
prescribed fires that would mitigate the growth of a dense understory.

Living trees and herbaceous plants are not the only structures that provide valuable cover
for bedding. Course woody debris (CWD) like fallen snags and blown down trees can also
provide similar cover. Gaston et al. (2008) stated that “many” pigs were flushed from under
CWD while conducting radiotelemetry in Alabama. We incidentally observed 24 beds (21%)
adjacent to these structures. Pursuing dense cover like CWD for bedding might be a relic of
ancestral pigs avoiding predators, but the lack of predators in our region could mean that this
resting behavior is a response to the local climate. We did not sample beds during the warmest
time of the year (July — August), limiting our ability to understand the importance of CWD at a
time when it could be used more frequently.

Ground cover composition had little impact on bedding cover selection in our model.
Trampled and rooted vegetation is a common symptom of wild pigs on a landscape, which
makes it more difficult to evaluate the selection of these features due to damage left behind from
wild pigs. While our results might represent the actual relationship, we believe that groundcover
composition was altered by pigs in the surrounding area thus skewing results. Because results
from our profile board suggest that overhead cover is important for bedding sites, composition
among different plant groups might be irrelevant. Ground cover, regardless of species or
functional group, may serve the same purpose in the eyes of a wild pig.

Our study was designed to evaluate wild pig bedding site selection from the forest canopy
down to the ground. Lower-level attributes including basal area and vertical obstruction are
relatively simple to measure in the field and can potentially be used to increase trap success.

Understanding drivers of invasive species resource selection can also provide insights into
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preventative management to mitigate their impacts and expansion. Mechanical and chemical
vegetation removal techniques can be used to reduce available refugia for pigs, thus making
these areas less desirable for bedding.
MANAGEMENT IMPLICATIONS
This study observed that wild pigs were more likely to construct beds in forest patches
with potentially lower basal area and increased vegetative cover from 1 to 1.25 m above ground.
This suggests that these characteristics can be used to concentrate monitoring and removal efforts
in the field. Our model predicts relative probabilities, which limits our ability to recommend a
measurable target threshold for any forest attribute. Therefore, one should use these
recommendations in a relative context to what is available within a particular area. We suggest
placing bait between identified foraging areas (i.e., rooted patches) and dense thickets of possible
bedding cover to increase the probability of bait encounters. Fallen trees, snags, and root balls
should also be considered as prospective bedding cover.
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Figure 3.1. Land Cover/Land Use map of the Red Hills region between Thomasville, Georgia and Tallahassee, Florida, USA. Study

sites are outlined in black.
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Table 3.1. Individual data for GPS collared wild pigs in the Red Hills region of North Florida

and South Georgia, USA between December 2021 and April 2023.

ID Sex Property Age Fix rate Length Number of
(hr)* (days) locations
W1  Male Dekle Sub-adult 2 48 576
W2  Male Livingston Place  Adult 2,1 313 6570
W3  Male Elsoma Adult 2,1 109 1990
W4  Male Meander Sub-adult 260 6197
W5  Male Mays Pond Sub-adult 1 163 3941
W6  Male Mays Pond Adult 1 246 6037
W8  Male Warbick Farms Sub-adult 1 245 5900
Y26 Female Livingston Place  Adult 2,1 314 6624
Y28 Female Elsoma Adult 2,1 215 4602
Y29 Female Kelly Pond Sub-adult 1 268 6697
Y30 Female Warbick Farms Sub-adult 1 187 4512
Y31 Female Loveridge Sub-adult 1 108 2306
Y36 Female Warbick Farms Adult 1 130 3021

?Fix rates were changed from 2-hour to 1-hour for 4 individuals in March 2022
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Table 3.2. Descriptive statistics of data collected for a generalized linear model to evaluate wild
pig bedding site selection in the Red Hills region near Tallahassee, Florida, USA between

December 2021 and April 2023.

Used Available

Covariate X 95% CI X 95% CI
Basal area (m?*/ha) 19.03 +4.43 23.70 +6.59
Vertical Cover

0-0.25m (%)? 82.59 +10.43 75.92 +14.38

0.26 - 0.50 m (%)? 78.37 +11.85 63.07 +15.46

0.51-0.75 m (%)? 66.96 + 13.93 44.89 +16.36

0.76 - 1.00 m (%)? 66.41 + 14.89 36.77 +16.05

1.01 - 1.25 m (%)? 58.85 + 16.09 27.39 +13.98
Canopy cover (%) 85.96 +9.48 85.05 +10.43
Bare ground (%) 1.83 + 1.80 1.94 +1.96
Forb (%) 6.27 +6.29 7.70 + 8.20
Woody (%) 40.21 +10.27 32.48 +9.83
Grass (%) 13.25 +10.47 16.80 +10.67

 Percent obstruction estimated across a vertical gradient on a modified vegetation profile board.
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Table 3.3. Results from a generalized linear model to evaluate wild pig bedding site selection in
the Red Hills region near Tallahassee, Florida, USA between December 2021 and April 2023.

95 % CI

Covariate B Lower Upper RSS? P <0.05
Basal area (m?*/ha) -0.046 -0.092 -0.004 0.955 *
Vertical cover

0—0.25m (%)° -0.001 -0.023 0.022 0.999

0.26 - 0.50 m (%)° 0.006 -0.017 0.029 1.006

0.51-0.75 m (%)° -0.004 -0.023 0.015 0.996

0.76 - 1.00 m (%)° 0.015 -0.004 0.034 1.015

1.01 - 1.25 m (%)° 0.024 0.008 0.040 1.024 *
Canopy Cover (%) 0.018 -0.005 0.042 1.018
Bare Ground (%) -0.006 -0.099 0.087 0.994
Forb (%) -0.002 -0.029 0.024 0.998
Woody (%) -0.008 -0.032 0.016 0.992
Grass (%) 0.001 -0.022 0.023 1.001

 Relative selection strength (RSS) is the exponentiated B coefficient estimate. RSS values less
than 1 signify that increasing covariate values results in decreasing relative probability of

selection.

® Percent obstruction across a vertical gradient on a modified vegetation profile board.
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Figure 3.2. Relative probability of use for bedding by wild pigs in the Red Hills region near

Tallahassee, Florida, USA plotted against basal area. Error bands represent 95% confidence
intervals.
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Figure 3.3. Relative probability of use for bedding by wild pigs in the Red Hills region near
Tallahassee, Florida, USA plotted against percent vertical obstruction at 1 — 1.25 m (cover). Error
bands represent 95% confidence intervals.
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CHAPTER 4
CONCLUSION

The management and removal invasive wild pigs (Sus scrofa) is a growing concern
across the United States given their range expansion and generalist diet and habitat use. Because
this species can exploit a variety of new environments, management to prevent further expansion
and reduce their distribution relies on region-specific efforts. The Red Hills region is a
biodiversity hotspot with high conservation value across its fire-dependent landscape. Although
wild pigs have long been established in this region, knowledge of their resource use at any
spatial scale is lacking. To bridge this gap, I used GPS data to understand how pigs used the
landscape while incorporating factors like land cover, forage availability, and a previously
overlooked abiotic factor, fire history. I also investigated wild pig resource use at a finer spatial
resolution to understand what forest structural components might contribute to bedding site
selection. My results can guide wild pig monitoring and removal efforts by incorporating these
species-habitat relationships into an active trapping program. More directly, these relationships
can be exploited to proactively monitor and protect areas that are susceptible to wild pig
invasion. In an area that has potential for furthering regional habitat management objectives, the
Red Hills can also benefit by using my results to alter susceptible habitats and make them less
appealing to pigs, thus protecting valuable natural resources.

In Chapter 2, I evaluated wild pig 3 order resource selection using GPS data from 13
individuals across the region. I found that resource selection was not dependent on forage

availability as previously identified southeastern studies. As it relates to the use of agricultural
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fields, this is likely due to the common wildlife management practices in the region like
supplemental feeding and winter-disking; both of which alter forage availability dynamics
throughout the year. Wild pigs used areas further from open water in the low forage season
(January — April) and selected areas closer to open water in the high forage season (May —
December), likely due to increasing temperatures in the summertime. I found that pigs selected
for habitats that are commonly associated with the species in both seasons, including forested
wetlands, fields, and upland hardwoods. Wild pigs in our study area avoided planted pine and
upland pine communities regardless of season. Additionally, time since fire (TSF) interacted
significantly with all land cover types except upland hardwood. Increasing TSF increased the
relative probability of pigs selecting for forested wetlands, upland and planted pine, and roads.
For example, wild pigs avoided planted pine communities that have been more recently been
burned and selected for them with increasing TSF.

In Chapter 3, I used the same GPS dataset to identify bedding sites used by pigs
throughout the study. After verifying that clusters of locations were actual bedding sites, I
evaluated forest structure components at the bed and a random location 30 m away to compare
use and availability. I found that the most important factors driving bedding site selection were
basal area and vegetative cover from 1 — 1.25 m above the ground. My results indicate that
bedding sites were more likely to occur in forests with a later successional understory of shade-
tolerant species. High canopy cover at both used and available sites inhibits the growth of most
grass and forb (shade intolerant) species, promoting the success of species that provide dense
overhead cover above the ground.

The results from my thesis research build upon the growing body of knowledge that has

developed in response to the rising wild pig problem across the United States, particularly in the
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southeast. Although wild pig resource selection has been evaluated across the country, the Red
Hills region can now benefit from findings that are more specific to this area. Implications from
my study can be used by wildlife managers and future researchers to better understand how pigs
are exploiting the landscape. These results can also be used to proactively manage habitat (i.e.,
restoring natural fire regimes or reducing available cover) to restrict wild pig use, limit the

spread of disease, and mitigate further damage to natural resources.
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