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ABSTRACT

The spread of invasive plants is ecologically and economically detrimental to
native ecosystems, animals, and humans. Recreation is one factor that may influence
plant dispersal. The impacts of recreation on invasive plant spread are multifaceted and
include the physical act of spreading and transporting seeds and vegetation to new areas
on clothes, pets, and equipment, as well as the social aspect of outreach and education.
Therefore, | used a multifaceted approach to assess the impact of human trafficked areas
where recreational activities frequently occur on four known invasive plant species in the
Clemson Experimental Forest (CEF) in South Carolina: Microstegium vimineum,
Ligustrum. sinense, Lespedeza cuneata, and Lonicera japonica. To address the ecological
component, | quantified the distribution of these species along transects at recreation
trails in the CEF. To address the social component, | distributed a survey to CEF trail
users that assessed their knowledge of, and attitude towards, common invasive plants.

Increasing distance from trailhead and trail edge was correlated with a decreased
percent cover of M. vimineum, L. sinense, and L. cuneata but not L. japonica. Increases in
litter and canopy cover significantly decreased the percent cover of M. vimineum but not
L. sinense, L. cuneata, or L. japonica. This supports previous research demonstrating a
positive relationship between areas of increased disturbance (i.e., trailheads) and invasive
plant spread, but also suggest areas of future research regarding canopy and litter cover
effects on invasive plants.

My research on social awareness indicated that survey participants were

knowledgeable about the status of plants from the CEF as either native or invasive. Most



participants reported an awareness of invasive plant impacts, a belief in personal
responsibility for the prevention of invasive plant spread, and a desire to purchase native
plants for their own use, with Extension services often being the educational delivery
method that led to a desire to participate in behaviors that help curb invasive plant spread.

Together, these results demonstrate a link between increased disturbance at
recreational areas and invasive plant distribution and spread. Future research should aim
to better understand the effects of microclimates, seeds banks, propagule pressure,
residence time, and other environmental factors on invasive plant response to
disturbance.

Additionally, research that looks at plant purchase motivations for varying
property size owners’ and the ability of these owners to properly identify known
invasives, creating invasive education that engages the non-traditional audience, factors
that may be inhibiting ecologically friendly plant production in the horticulture industry,
and how to better engage minorities in ecological decision making may have a positive
impact on mitigating spread by empowering forest users and landowners to contribute

positively to the resources they enjoy.
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CHAPTER ONE

ASSESSING THE SPREAD OF INVASIVE PLANT SPECIES IN A MANAGED,
MULTIPLE-USE FOREST

Introduction

The Department of the Interior’s Invasive Species Advisory Committee designate
an invasive species as “a non-native species whose introduction does, or is likely to
cause, economic or environmental harm or harm to human health” (Beck et al., 2008).
Invasive plants are often introduced as ornamentals, for food or for fiber, while others are
transported accidentally through global trade, commerce, and recreational activities
(Reichard and White 2001, Pimentel et al. 2005, Meyerson and Mooney 2007, Adams
and Engelhardt 2009, Pysek et al. 2012, Montagnani et al. 2022). Human connectivity
continues to increase the network of available pathways to invasion, which can lead to
ecosystem degradation (Chapman et al. 2019, Pysek et al. 2020). Of the ~20,000 plants
currently found in ecosystems around the United States, approximately 23% are invasive
species introduced by human activities, both intentional and unintentional, however this
number could be severely underestimated as we currently do not know how many
invasive plants have yet to be recorded (Pimentel et al. 2005, Qian and Ricklefs 2006)
and no recent updates have been made on these estimates.

Recreational activities can precipitate the spread of invasive plants in forest
ecosystems through trail use by creating satellite colonies as plants are moved from
trailhead to trailhead on foot, hoof, paw, or tire tread (Wallinga et al. 2002, Pickering et

al. 2007, Allen et al. 2009), and through soil disturbance which promotes opportunity for



invasion (Presotto et al. 2020). Regardless of the introduction method, not all escaped
non-native species will become invasive, as they must pass certain barriers to become
problematic. The Tens Rule is a hypothesis that states, for each barrier to invasion
between introduction and establishment, 10% of non-native plants will successfully
overcome each barrier and pass into the next stage of invasion (Williamson et al. 1986).
That results in approximately 0.01% of non-native introductions becoming invasive
(Williamson and Fitter 1996, Richardson et al. 2000). The Tens Rule, however,
underscores the seriousness of invasive species because even one species that manages to
overcome all the barriers to become invasive within a community can have disastrous
ecological and economic impacts as they dominate the surrounding community
(Williamson and Fitter 1996, Richardson et al. 2000, Jari¢ and Cvijanovi¢ 2012, Brewer
et al. 2018).

While the Tens Rule attempts to address the likelihood of a successful invasion
occurring, it does not give weight to the various mechanisms of invasive plant spread or
their impacts on native ecosystems (Adams and Engelhardt 2009). As the science of
invasion ecology grows, having clear definitions helps create a universal framework for
understanding plant invasions (Blackburn et al. 2011). Plant invasion occurs when non-
native plants are introduced to a new area, begin to reproduce, and their progeny begin to
invade surrounding areas (Williamson and Fitter 1996, Richardson et al. 2000). The
economic costs associated with non-native invasive species is estimated at $1.288 trillion
dollars in the United States alone, but this amount could be underestimated since nearly

half of these species have not been evaluated and described regarding economic loss



(Zenni et al. 2021). Invasive plants have the capability of being one of the greatest natural
disasters, with long-lasting implications on economic and ecological stability, and
biodiversity conservation around the world (Elton 1933, Coblentz 1990, Aronson and
Handel 2011, Crystal-Ornelas et al. 2021).

Spread and Ecology of Invasive Plants

Invasive plants are frequently spread through human activities with invasion most
likely to occur in areas with high population densities and areas of disturbed soils on the
edges of forest ecosystems (Williamson and Fitter 1996, Yates et al. 2004, Loewenstein
and Loewenstein 2005). Roadways contribute to plant dispersal through increased levels
of traffic, altered hydrology, and fragmentation of natural ecosystems (Loewenstein and
Loewenstein 2005, Trombulak and Frissell 2000). The fragmentation of habitats creates
access points for plant species to invade (Flory and Clay 2009; Flory and Clay 2010).
Invasive plant species spread easily along roads as they provide optimal light and
frequent disturbance (Hansen and Clevenger 2005).

Invasive trees, shrubs, herbs, grasses, and forbs have been expanding their range
across North America at alarming rates due to human development and travel (Moser et
al. 2009, Pysek et al. 2020) and have been recorded causing ecological impacts on native
communities. For example, Alliaria petiolata (M. Bieb.) Cavara and Grande), a shade
tolerant and highly proliferative invasive plant found in disturbed areas on forest edges
and closed-canopy ecosystems, alters the functional capacity of arbuscular mycorrhizal
fungi by disrupting their germination, which leads to slower growth of native hardwood

trees (Stinson et al. 2006). Microstegium vimineum (Trin.) was found to induce declines



in species richness of native species during the peak growing season of M. vimineum
when they overtake native plants in height, precipitating long-term consequences to
native biodiversity (Adams and Engelhardt 2009). In New England, Fallopia japonica
(Houtt.) has invaded roadsides and riparian areas, and has altered species diversity, above
ground biomass, and nitrogen concentrations, while leading to drastically altered
monocultures (Aguilera et al. 2010). Removing invasive species can increase native
species diversity, such as native bee diversity in the southeastern United States with the
removal of Ligustrum sinense (Hanula and Horn 2011).

Invasive plants pose a wide range of problems on forest ecosystems and can cause
a significant impact on the health and function of the surrounding plant communities,
potentially causing bottom-up effects on herbivores and wildlife (Aguilera et al. 2010,
Aronson and Handel 2011, Pysek et al. 2012). Their establishment can alter ecosystems
in ways that result in biotic homogeneity by negatively impacting the growth and fitness
of native plants, causing a loss of species diversity, abundance, and native biomass
(McKinney 2004, Vila and Weiner 2004, Qian and Ricklefs 2006, Vila et al. 2018). Plant
invasions also contribute to a decrease in both fitness and abundance of reptiles,
invertebrates, and higher trophic animal levels when invasive impacts alter the primary
productivity of an ecosystem. (Gibbons et al. 2000, Gerber et al. 2008, Vila et al. 2011).

Plant invasions impact soil composition and nutrient cycles, with the magnitude
of impact at least somewhat depending on the morphological and phenological similarity
between the invading species and those it replaces (Ehrenfeld 2003, VVanderhoeven et al.

2005, Ashton et al. 2005). Depending on the native soil type, plant invasions frequently



increase biomass and net primary production, which has greater impacts on soil
composition and nutrient cycling (Ehrenfeld 2003). Impacts on soil chemistry through
changes in nitrogen availability, soil pH, phosphorous, aluminum concentration and
nutrients because of invasive plants can alter forest biota, lower microarthropod diversity
and ultimately, forest succession (McLendon and Redente 1992, McGrath and Binkley
2009).

Plant invasions can change microbial communities, with the greatest changes
occurring after multiyear successions, leading to the potential for disrupted ecosystem
fitness and function (Batten et al. 2006, Rodrigues et al. 2015). Soil bacteria and fungi
was changed by the invasion of Lespedeza cuneata with increased intensity based on
length of invasion (Yannarell et al. 2011). In areas where there have been long-lasting
plant invasions, the impacts to soil biota and chemistry can persist for many years after
invasive plants have been removed, disrupting the ability for native plants to progress
through native seral stages, especially in areas where invasive plants have caused
extirpation of native species (Corbin and D’ Antonio 2004, Flory and Clay 2010, Corbin
and D’ Antonio 2012). The invasion of Imperata cylindrica (L.), a non-native invasive
plant spreading across the southeastern United States, did not produce significant changes
in soil nitrate availability between invaded and uninvaded control plots, however,
eradication did produce short-lasting significant changes on soil nutrient cycling (Hagan
et al. 2013a). Imperata cylindrica has allelopathic exudates that disrupt the mycorrhizal

symbiosis and inhibit fine root development (Hagan et al. 2013Db).



Plant evolution has given rise to a wide array of seed and fruit dispersal methods;
for example, hooks and barbs allow seeds to attach to passing animals, plumes, and wings
(Ray and Bordolui 2021). High surface to volume ratio allows for wind dispersal, surface
tension for water transport, and edible flesh entices animals to consume fruit and later
deposit seeds at other locations, containing seeds via their excrement (Howe and
Smallwood 1982). Soil seed banks can last for years, allowing for continued dispersal of
invasive plants (Ray and Bordolui 2021).

Forest Use and Management

Silviculture is the foundation of forest management around the world, and the
United States Forest Service definition, “the science of controlling the establishment,
growth, composition, health, and quality of the forests and woodlands to meet the diverse
needs and values of landowners and society, such as wildlife habitat, timber, water
resources, restoration, and recreation on a sustainable basis,” paints the picture of a
multiple use forestry model (USDA Forest Service 2022). The Multiple Use — Sustained
Yield Act of 1960 was the first attempt at regulating silviculture within United States
National Forest land but gave little guidance on what multiple use meant (Wilkinson and
Anderson 1985). These acts were followed by The Forest and Rangeland Renewable
Resources Planning act of 1974 and its amendment, the National Forestry Management
Act of 1976, which gave more guidance about managing forests for sustainable
harvesting, wildlife, and recreational use (Wilkinson and Anderson 1985). These acts
paved the way for the modern multiple use model of forest management, which requires

federal forest managers to take into consideration the impacts of timber harvest on



wildlife, human recreational activities, hunting, and water flow, while providing a place
for recreation, scenic viewing, scientific research, and historical value (Bowes and
Krutilla 1985).

According to the U.S. Forest Service there were nearly 150 million visitors to our
National Forests every year from 2014 through 2018, with the primary reason being
recreational activities (USDA Forest Service 2020). This number increased to
approximately 161 million visitors by 2020 as Americans sought outdoor activities in the
covid world (Outdoor Foundation 2021). Of these visits, 46.7% are utilizing the forest for
hiking/walking, 5.3% use the forest for biking, and 0.7% of users are on horseback
(USDA Forest Service 2020; Table 1.1). Approximately 24 million of these visits happen
in National Forests in the southeastern United States, and they require a large network of
roads and trails to provide access for visitor access (USDA Forest Service 2020).

The Clemson Experimental Forest (CEF) is state land managed by Clemson
University and has similar recreational use to federally managed forests. As gateways to
the forest, trailheads are the areas with the most activity, and create the greatest chance
for plant invasion to occur (Flory and Clay 2009, Minor and Gardner 2011). Trailheads
and areas of elevated human activity experience high levels of invasive plants, with
activities such as motorized vehicle use (Yang et al. 2018), horseback riding, and hiking
increasing levels of plants and their invasion potential (Barros and Pickering 2014).
Non-native Invasive Plant Species of Concern in South Carolina

First discovered in 1919 by entomologist George G. Ainslie along Third Creek in

Knoxville, Tennessee (Fairbrothers and Gray 1972), Microstegium vimineum (Trin.) is a



non-native Asiatic grass that has been found with increasing frequency and density across
many landscapes in the eastern United States after presumably arriving in the United
States through packing materials (Fairbrothers and Gray 1972, Loewenstein and
Loewenstein 2005, Michigan Invasive Species Program 2022). It has the capacity to grow
in a wide range of site conditions and can be found on riverbanks, lawns, fields, swamps,
roadsides, edge habitat and deep canopied forest (Fairbrothers and Gray

1972). Microstegium vimineum is tolerant of light conditions from 5% to full sun and
grows well in light conditions where other species fail to thrive, which gives it a
competitive advantage (Winter et al. 1982). It does not spread as easily in undisturbed
sites but has the capacity to rapidly invade periodically disturbed areas and completely
replace ground vegetation by year five of invasion on fertile mesic sites (Barden 1987,
Bowen et al. 2002).

Invasion of M. vimineum reduces native biomass and lowers the species richness
and diversity of native plants, lowering the ability of native plant communities to rebound
through restoration efforts (Flory and Clay 2010). Its range expands slowly on its own,
and the rapid dispersal on trails and roads may be human mediated (Rauschert et al.
2010). Seeds can lay dormant for up to five years, and a persistent seed bed may develop,
making eradication nearly impossible (Barden 1987, Gibson et al. 2002). Increased
abundance of M. vimineum reduces species richness, lowers the reproductive potential of
the forest canopy, negatively impacts overstory regeneration, and has long-lasting
impacts on biodiversity (Loewenstein and Loewenstein 2005, Adams and Engelhardt

2009, Aronson and Handel 2011). Microstegium vimineum density physically prevents



establishment of other species’ seedlings and reduces the rate at which competing species
grow; this can slow the rate of succession in forest ecosystems (Marshall et al. 2009,
Flory and Clay 2010).

Ligustrum sinense (Lour.) is native to China, Taiwan, and Vietnam and was
brought to the United States in 1852 for ornamental purposes (Dirr 1983), had become
naturalized by 1932 (Small 1933), and is now considered invasive across the southeast
(Dirr 1983). Ligustrum sinense grows aggressively in disturbed sites such as floodplains,
riparian areas, plowed fields, ditches, and forest edges with abundant light (Merriam and
Feil 2002). However, it also creates dense cover in interior forest sites and can grow in a
variety of site conditions, with leaf litter and canopy closure being a strong predictor of
invasion (Hagan et al. 2014). It establishes well-stocked seed banks that are frequently
transported by birds and can grow in the understory of undisturbed forests due to its
shade tolerant characteristics (Brown and Pezeshki 2000, Panetta 2000, Grove and
Clarkson 2005). Its shade tolerance and ruderal characteristics allow L. sinense to choke
out the understory, preventing light from reaching the forest floor, lowering native
species richness and abundance (Merriam and Feil 2002, Wilcox and Beck 2007, Green
and Blossey 2012). Once established, L. sinense is very difficult to eradicate, but removal
has been found to increase bee diversity and richness (Hanula and Horn 2011), while
simultaneously improving native plant communities by promoting the growth of diverse
native species that drive secondary succession (Hudson et al. 2013, Hudson et al. 2014).
With minimal success in the eradication of L. sinense, biological controls, such as the

introduction of lace bugs (Corythucha ciliata (Say)) and the sap sucking tingid bug



(Leptoypha hospita) were being studied as methods of mitigation (Zhang et al. 2011,
Zhang et al. 2013), but to date research continues to seek additional methods of
successful eradication.

Lespedeza cuneata ((Dum-Cours) G. Don.) is native to Asia and was introduced
to the United States in 1896 by McCarthy with the North Carolina Agricultural Station
(McCarthy 1896). Experimental plantings of L. cuneata in 1900 escaped cultivation and
were found in remote areas surrounding the Arlington Experiment Farm in Virginia by
1925 (United States Department of Agriculture 1950). By the 1940’s it was promoted for
erosion control, wildlife food and cover, and cattle forage (Smith 2008, United States
Department of Agriculture 2011, Cummings et al. 2017). Lespedeza cuneata can be
found growing from Ohio through the southeastern United States and westward towards
Texas (Duncan and Clark 2005, United States Department of Agriculture 2011). It
escapes from cultivated sites and spreads into forested areas with abundant water,
displacing native species (Silliman and Maccarone 2005, United States Department of
Agriculture 2011, Cummings et al. 2017). As a nitrogen fixing legume, it is often one of
the first species to take hold in disturbed sites (Ritchie and Tilman 1995). The most
common method of transport is through animal movement due to the lack of
morphological characteristics seen in species that travel by air or water (Blocksome
2006). Lespedeza cuneata is a drought tolerant species that does well in poor soil
conditions and grows in many different habitats, such as forests, fields, and swamps
(Isely 1948, Miller 2006, Cummings et al. 2017). Its competitive nature prevents the

reestablishment of desirable native species and threatens the health of varying habitats by
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releasing allelopathic chemicals into the soil and changing soil chemistry (Kalburtji and
Mosjidis 1993, Eddy et al. 2003, Zedler and Kercher 2004, Silliman and Maccarone
2005, United States Department of Agriculture 2011). It grows best in abundant light,
which does slow the spread under native canopy, but seed banks persist and can take hold
when disturbance increases light availability (Brandon et al. 2004). Eradication efforts
have shown limited success on established plants, and in some areas prescribed fire and
mowing has shown to increase plant abundance (Brandon et al. 2004, Wong et al. 2012,
Cummings et al. 2017).

Lonicera japonica (Thunb.) is a non-native semi-woody vine from China and
Japan (Bor and Raizada 1943) that was introduced for ornamental cultivation in the
1800’s (Rehder 1903). It escaped cultivation and was later found along the Potomac
River (Hardt 1986, Schierenbeck 2004). Having the ability to spread through both seed
(sexual) and vegetative (asexual) reproduction, it has become established in 45 states and
remains one of the most invasive species in the southeastern United States, thriving in
forests, fields, and disturbed lands (Schierenbeck 2004, Wang et al. 2012, Bravo 2019).
Lonicera japonica will increase its seed dispersal investment by as much 60% to ensure
success in competing against native species (Murray and Phillips 2009). It has a wide
range of tolerance for soil pH levels, with the ability to establish in acidic soils with a pH
of 4 and alkaline soils with a pH of 8 (Schierenbeck 2004). It thrives best in mesic soils
but is intolerant of saturated soil conditions (Schierenbeck 2004). As marginal
populations evolve to withstand colder temperatures, L. japonica will continue to spread

to northern latitudes (Kilkenny and Galloway 2016).
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Lonicera japonica can be a severe problem in forestry as it dominates the
understory and smothers tree seedlings, preventing them from establishing, and strangling
overstory trees as they climb in competition for light (Cain 1985, Webster et al. 2006).
There is also evidence that suggests L. japonica is allelopathic (Skulman et al. 2004,
Ladwig et al. 2012). Systemic herbicides have been effective at controlling the spread of
L. japonica, but unintended impacts on other plants must be considered when using
herbicides for invasive control (Bravo 2019).

Obijectives

My overall goal was to assess the effects of recreation on the distribution of four
non-native invasive plant species of concern in South Carolina (i.e., M. vimineum, L.
sinense, L. cuneata, and L. japonica). My objectives were to determine the effects of 1)
distance to trailhead and trail edge and 2) canopy cover and litter cover on distribution
and abundance of these four species. | hypothesize that 1) percent cover of all four
species will decrease with increased distance from trailheads and trail edges and that 2)
canopy cover and litter cover will negatively affect percent cover of these four species

due to reduced light availability and access to the soil bed.

Methods
Site Description

The research area is located within the Clemson Experimental Forest (CEF)
(34.738017, -82.841439), which spans 7,081 hectares surrounding Clemson University,
in Oconee, Pickens, and Anderson Counties in South Carolina (Clemson Public Service

and Agriculture 2022; Figure 1.1). Elevations range between 198 and 304 meters above
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sea level. The predominant soil within the CEF is Pacolet (fine, kaolinitic, thermic Typic
Kanhapludults) but Catula (fine, kaolinitic, thermic Oxyaquic Kanhapludults) and Cecil
(fine, kaolinitic, thermic Typic Kanhapludults) can also be found in certain areas (USDA
Web Soil Survey 2021). Since 1991, monthly rainfall ranged between 8.8 cm to 12.47
cm, with monthly low temperatures ranging between 0.89°C to 21.06°C and monthly
high temperatures ranging between 11.06°C to 31.5°C (National Oceanic and
Atmospheric Administration 2021; Table 1.2). Among the various forest types in the
CEF, there are 2690 hectares of planted pine, 1268 hectares of cove hardwood, 1142
hectares of upland hardwood, 918 hectares of pine-hardwood mix, and 878 hectares of
natural pine, with the remaining 185 hectares in unplanted fields or bodies of water
(Clemson University Office of Land Management 2008, Clemson Public Service and
Agriculture 2022; Table 1.3). Three trail systems are divided among three areas: Todd’s
creek 29 kilometers long), Fants Grove (64 kilometers long), and Issaqueena/Keowee
Heights (76 kilometers long), with dozens of formal and informal trailheads dispersed
throughout the CEF (Figure 1.2).
Experimental Design

In September and October of 2015, a group of undergraduate students used
geographic information systems (GIS) and field surveys to identify potential study sites
within the CEF for analyzing the distance from trailhead and trail edge that herbaceous
non-native invasive plants had spread. Fourteen trails (Figure 1.3) were identified that
met the following criteria:

- Directly connected to an improvement (paved or maintained) road or trailhead
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- No evidence of recent maintenance or repair (mowing, grading, etc.)

- No streams, other roads, or trail intersections in the first 100 meters of the trail

- At least 25 meters (to the side) from the nearest trail or stream

At each of the fourteen trailheads identified, five transects were established,
starting at the edge of the trail, at distances of 0, 5-, 10-, 25-, and 50-meters from the
trailhead. Each transect consisted of four plots at 0, 2, 4, and 12 meters from the transect
beginning (Figure 1.4). Each plot was created using a 2 x 1-meter portable PVC frame,
totaling 20 sample plots per trailhead. Within each frame, the four non-native invasive
plants were identified and counted (Figure 1.5), percent litter, cover, and soil exposure
were estimated, and canopy cover was estimated using a convex spherical densitometer
(Figure 1.6) to measure the degree of darkness (optical density) from the center of each
sampling plot.
Statistical Analyses

To assess the relationship between distance to trailhead, distance to trail edge, and
the percent cover of the four recorded non-native invasive species, binomial regression
was conducted for each focal species individually and for the total invasives recorded at
each site. In the binomial regression, percent cover of native species or bare ground was
considered the “success” while percent cover of the invasive was the “failure”. To
determine the relationship between canopy cover and litter cover, and the percent cover
of four recorded non-native invasive plants, a generalized linear regression model was

created for each variable (litter cover and canopy cover) for each invasive species, as well
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as for the total invasives recorded at each site. All statistics were completed using R
statistical software Version 4.1.3 (R Core Team 2020).
Results
Distance to Trailhead and Trail Edge

As distance from trailhead increased, the percent cover of M. vimineum
(z=-10.56, p<0.0001), L. sinense (z =-9.95, p<0.0001), and L. cuneata (z = -10.03,
p<0.0001) significantly decreased but percent cover of L. japonica was not affected (z =
1.18, p=0.237; Figure 1.7). As distance from trail edge increased, there was a significant
decrease in the percent cover of M. vimineum (z = -8.33, p<0.0001), L. sinense (z = -3.43,
p<0.0006), and L. cuneata (z = -4.27, p<0.0001), but not of L. japonica (z=-0.12, p =
0.905; Figure 1.8). A significant interaction did exist between trailhead and trail edge,
with M. vimineum percent cover decreasing as distance from both increased (z = -8.25, p
=<0.0001). When including the interaction term of trailhead and trail edge, there was a
significant decrease in M. vimineum percent cover with increasing distance from trailhead
(z=-2.26, p = 0.0238), but the main effect of trail edge no longer existed (z =-0.53, p =
0.5930). There was no significant interaction between trailhead and trail edge on L.
sinense (z =-1.12, p = 0.2635) or L. cuneata (z = -0.34, p = 0.7372).
Canopy and Litter Cover

As litter cover increased, there was no effect on the percent cover of L. sinense (t
=0.99, p =0.325), L. cuneata (t =-0.25, p = 0.801), or L. japonica (t = 1.01, p =0.316),
but an increase in litter cover significantly decreased the percent cover of M. vimineum (t

=-6.19, p = <0.0001; Figure 1.9). As canopy cover increased, there was no effect on the
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percent cover of L. sinense (t = 1.80, p = 0.0735), L. cuneata (t = 1.55, p = 0.1224), or L.
japonica (t =-0.07, p =0.9470), but an increase in canopy cover significantly decreased
the percent cover of M. vimineum (t = -3.29, p = <0.0012; Figure 1.10).
Discussion

Trailheads and edges experience frequent disturbance and highly eroded soils
(Salesa and Cerda 2020), which create opportunities for invasion by invasive plants (e.g.,
Silliman and Maccarone 2005). Distance from trailheads and trail edges showed a
significant relationship between percent cover of M. vimineum, L. sinense, and L.
cuneata, but not L. japonica. Microstegium vimineum moves into areas that other grasses
are unable to inhabit but its methods of spread are still poorly understood (Winter et al.
1982). Since M. vimineum lacks certain characteristics that often facilitate invasive plant
spread (e.g., wind dispersal, attachment to animals) and its spread has been associated
with small scale flooding events (Miller and Matlack 2010), this suggests that it most
likely spreads by gravity and soil disturbance (Christen and Matlack 2008). If gravity is a
primary means of M. vimineum seed dispersal, movement of soils following disturbance
that occurs with human recreation could be a catalyst for accelerated spread (Rauschert et
al. 2010). Soil disturbance, in turn, increases water movement, which has also been
shown to facilitate the spread of M. vimineum (Tekiela and Barney 2013). Ligustrum
sinense’ ability to grow in disturbed sites (Merriam and Feil 2002) means that it may
have an advantage in areas of high human traffic (i.e., recreation trails). Lespedeza
cuneata is a light loving species (Brandon et al. 2004) and thrives in areas where frequent

disturbance keeps overstory light competition at bay (Erfanian et al. 2021). As a nitrogen
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fixing legume, once soil disturbance has occurred, it quickly takes hold, outcompeting
native species (Ritchie and Tilman 1995). While L. japonica is frequently associated with
disturbance from anthropogenic activities as well as land use and management (Wang et
al. 2012), it is also found in late successional forests with little disturbance (Drake et al.
2003).

Areas of dense overstory and increased litter create areas of low light penetration,
impacting vegetation cover and species composition. Recreational trails and areas of high
human activities create open corridors of available light, facilitate soil disturbance, and
diminish litter cover, with the most significant impacts seen in soil surface organic matter
where most seed banks are found (Zabinski et al. 2000). Increases in canopy cover and
litter cover significantly decreased M. vimineum cover but had no effect on L. sinense, L.
cuneata, or L. japonica. Previous studies have found that M. vimineum can grow 4.5
times faster in areas where litter has been removed (Oswalt and Oswalt 2007).
Conversely, L. sinense thrives in riparian forests in highly disturbed sites with abundant
light (Merriam and Feil 2002) but can also grow deep within forest interiors with low
light availability and disturbance (Hagan et al 2014). While my results do not suggest a
significant impact of canopy or litter cover on L. cuneata, other studies have found the
opposite (e.g., Lazaro-Lobo et al. 2021). However, this study utilized data from different
site types that were collected in a different manner. These contradictory results suggest
that other factors may mediate the response of L. cuneata to canopy and litter cover, and

this may affect its spread and distribution. Lonicera japonica exhibits a lot of plasticity
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and responds differently to varying microclimates, possibly explaining the lack of a
significant effect by any variable tested (West et al. 2010).

The interaction between trailhead and trail edge had significant effects only on M.
vimineum but not L. sinense, L. cuneata, or L. japonica. However, when viewing an
interaction between trailhead and trail edge, the main effect of distance from trail edge
was lost for M. vimineum. These changes in main effects may indicate other factors that
may be influencing M. vimineum spread and abundance. For example, site factors that
impact light availability, percent slope, and soil type can affect M. vimineum abundance
(Mikhailova et al. 2017). It may be a combination of these site factors that caused the
change in relationship between trail edge and trailhead in M. vimineum cover.

Our results, in conjunction with previous research showing greater M. vimineum
dispersal and growth near roadsides (e.g., Huebner 2007), support a strong positive
relationship between human activities (i.e., recreation) and percent cover of M. vimineum
(Schramm and Ehrenfeld 2012, Campbell and Gibson 2001, Potito and Beatty 2005).
Conversely, the other species examined, can be found both in shaded areas regardless of
site location (e.g., Hagan et al. 2014) and in highly disturbed areas (e.g., Drake et al
2003). Dense overstory vegetation may help keep invasive plants from rapidly spreading,
but invasion can occur further away from trailheads and edges when disturbance opens
opportunity for increased light to understory seed banks (Brandon et al. 2004).
Conclusion

Invasive species tend to have characteristics that allow them to rapidly invade

disturbed sites, and recreation activities create prime opportunities for that disturbance
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which is evident with the greater abundance of non-native invasive species along
recreational trails (Schramm and Ehrenfeld 2012). Trailheads experience continuous
human activity that declines over a gradient as distance from trailhead increases, but the
same declining gradient of human activity is not seen as distance from trail edges
increase, potentially slowing the spread of invasive plants away from trail edges (Yates et
al. 2004, Potito and Beatty 2005). Human activity tramples vegetation (Erfanian et al.
2021) and exposes soils (Manning 1979, Deluca et al. 1998, Marion et al. 2016) leading
to increased soil run-off during rain events (Grierson and Oades 1977, Scanlan et al.
1996, Wallin and Harden 1996), magnifying the potential for seed bank dispersal into
areas absent of invasive plants.

Controlling and reducing the spread of invasive plants relies on mitigating human
behaviors that facilitate disturbance and influence the spread of these species at hubs of
recreational activity (Pysek et al. 2012). Human mediated movement of invasive plants
allows for their spread much faster and further than would otherwise occur through
natural dispersal by wind, water, or air (Horvitz et al. 2017). These species, once present,
are very difficult or impossible to eradicate, sometimes leading to huge economic loss
with limited success (Falcdo et al. 2022). Research suggests invasive species may
undergo adaptive evolution in introduced areas, allowing them to overcome
environmental barriers and develop increased resistance to methods of control (Ziska et
al. 2015, Smith et al. 2020).

Further research is warranted to explore complex mechanisms of invasive plant

spread as well as the impacts of microclimates on their response to disturbance. Our
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study shows that there is a higher prevalence of certain invasive plants at trailheads and
along trail edges, however, observations alone do not show causation. Experimental
studies that look deeper into the underlying mechanisms of invasive plant invasion help
shed light on the path to invasion (Stricker et al. 2015). Studies performed in a controlled
greenhouse setting, such as research on soil disturbance and seed banks (Leischman and
Thomson 2005), can give additional insight to the invasion process, but will struggle to
replicate all natural processes found in a forest ecosystem. Studies that introduce invasive
species to an area could allow researchers to monitor the invasion process from the onset
and tease out mechanisms that drive the invasion process for target species (Leischman
and Thomson 2005, Kempel et al. 2013).

Recreationists can contribute to the spread of invasive plants in both positive
(e.g., spreading knowledge, hand-pulling invasives) and negative (e.g., tracking seeds,
disturbing soil) ways. Therefore, factors that influence behaviors and activities of
recreationists are important to better understand how to improve invasive plant

management and control while promoting the responsible use of our forests.

20



References
Adams, Sheherezade N., Engelhardt, Katharina A. M. (2009). Diversity declines in
Microstegium vimineum (Japanese stiltgrass) patches. Biological

Conservation, 142(5), 1003-1010. doi:10.1016/j.biocon.2009.01.009

Aguilera, A. G., Alpert, P., Dukes, J. S., & Harrington, R. (2010). Impacts of the invasive
plant Fallopia japonica (Houtt.) on plant communities and ecosystem

processes. Biological Invasions, 12(5), 1243-1252. doi:10.1007/s10530-009-9543-z

Allen, J. A., Brown, C. S., & Stohlgren, T. J. (2009). Non-native plant invasions of united
states national parks. Biological Invasions, 11(10), 2195-2207. doi:10.1007/s10530-

008-9376-1

Aronson, M. F. J., & Handel, S. N. (2011). Deer and invasive plant species suppress
forest herbaceous communities and canopy tree regeneration. Natural Areas

Journal, 31(4), 400-407. doi:10.3375/043.031.0410

Ashton, I. W., Hyatt, L. A., Howe, K. M., Gurevitch, J., & Lerdau, M. T. (2005).
Invasive species accelerate decomposition and litter nitrogen loss in a mixed

deciduous forest. Ecological Applications, 15(4), 1263-1272. doi:10.1890/04-0741

Barden, L. (1987). Invasion of Microstegium vimineum (Poaceae), an exotic, annual,
shade-tolerant, C 4 grass, into a North Carolina floodplain. American Midland

Naturalist, 118, 40. doi:10.2307/2425626

21



Barros, A., & Pickering, C. M. (2014). Non-native plant invasion in relation to tourism
use of Aconcagua Park, Argentina, the highest protected area in the southern
hemisphere. Mountain Research and Development, 34(1), 13-26. doi:10.1659/MRD-

JOURNAL-D-13-00054.1

Batten, K., Scow, K., Davies, K., & Harrison, S. (2006). Two invasive plants alter soil
microbial community composition in serpentine grasslands. Biological

Invasions, 8(2), 217-230. doi:10.1007/s10530-004-3856-8

Beck, K. G., Zimmerman, K., Schardt, J. D., Stone, J., Lukens, R. R., Reichard, S.,
Randall, J., Cangelosi, A.A., Cooper, D., & Thompson, J. P. (2008). Invasive species
defined in a policy context: Recommendations from the federal invasive species
advisory committee. Retrieved June 10, 2020, from /core/journals/invasive-plant-
science-and-management/article/invasive-species-defined-in-a-policy-context-
recommendations-from-the-federal-invasive-species-advisory-

committee/6B7F808F29AA8FICE1A2BF088F8DDIAS

Blackburn, T. M., Pysek, P., Bacher, S., Carlton, J. T., Duncan, R. P., Jarosik, V.,
Wilson, J. R.U., & Richardson, D. M. (2011). A proposed unified framework for
biological invasions. Trends in Ecology & Evolution, 26(7), 333-339.

d0i:10.1016/j.tree.2011.03.023

Blocksome, C. E. (2006). Sericea lespedeza (Lespedeza cuneata): Seed dispersal,
monitoring, and effect on species richness. Kansas State University. Retrieved

November 29, 2019, from http://hdl.handle.net/2097/192

22



Bor, N. L., & Raizada, M. B. (1943). Some beautiful Indian climbers and shrubs. Journal

of Bombay Natural History Society, 44, 73-77.

Bowen, B., Johnson, K., Franklin, S., Call, G., & Webber, M. (2002). Invasive exotic
pest plants in Tennessee. Journal of the Tennessee Academy of Science, 77(2), 45-

48.

Bowes, M. D., & Krutilla, J. V. (1985). Multiple use management of public forestlands.
In A. V. Kneese, & J. L. Sweeney (Eds.), Handbook of Natural Resource and

Energy Economics (pp. 531-569). North Holland: Elsevier Science Publishers B.V.

Brandon, A., Gibson, D., & Middleton, B. (2004). Mechanisms for dominance in an early
successional old field by the invasive non-native Lespedeza cuneata (Dum. Cours.)
G. don. Biological Invasions, 6(4), 483-493.

doi:10.1023/B:BINV.0000041561.71407.f5

Bravo, M. A. (2019). Japanese honeysuckle. University of the District of Columbia

Cooperative Extension Service. Retrieved December 12, 2019

Brewer, J.S., Souza, F.M., Callaway, R.M., & Durigan, G. (2018). Impact of invasive
slash pine (Pinus elliottii) on groundcover vegetation at home and abroad. Biological

Invasions, 20(10), 2807-2820. doi:10.1007/s10530-018-1734-z

Brown, C. E., & Pezeshki, S. R. (2000). A study on waterlogging as a potential tool to
control ligustrum sinense populations in western Tennessee. Wetlands, 20(3), 429-

437. doi:10.1672/0277-5212(2000)020&1t;0429:asowaa&gt;2.0.co;2

23



Cain, M. D. (1985). Proceedings of the third biennial southern silvicultural research
conference, Atlanta, Georgia, November 7-8, 1984. University of Minnesota: The

Station, 1985.

Campobell, J. E., & Gibson, D. J. (2001). The effect of seeds of exotic species transported
via horse dung on vegetation along trail corridors. Plant Ecology, 157(1), 23-35.

doi:10.1023/A:1013751615636

Chapman, D. S., Gunn, I. D. M., Pringle, H. E. K., Siriwardena, G. M., Taylor, P.,
Thackeray, S. J., Willby, N. J., & Carvalho, L. (2019). Invasion of freshwater
ecosystems is promoted by network connectivity to hotspots of human

activity. Global Ecology and Biogeography, 29(4), 645-655. doi:10.1111/geb.13051

Christen, D. C., & Matlack, G. R. (2008). The habitat and conduit functions of roads in
the spread of three invasive plant species. Biological Invasions, 11(2), 453-465.

d0i:10.1007/s10530-008-9262-x

Clemson Public Service and Agriculture. (2013) Trees of the Clemson Experimental
Forest. Retrieved October 29, 2019,

from https://www.clemson.edu/public/experimental-forest/resources/trees.html

Clemson Public Service and Agriculture. (2022). Clemson experimental forest. Retrieved

January 2021, from https://www.clemson.edu/public/experimental-forest/

24



Coblentz, B. E. (1990). Exotic organisms: A dilemma for conservation
biology. Conservation Biology, 4(3), 261-265. doi:10.1111/j.1523-

1739.1990.tb00287.x

Corbin, J. D., & D'Antonio, C. M. (2004). Effects of exotic species on soil nitrogen
cycling: Implications for restoration. Weed Technology, 18(1), 1464-1467.

doi:10.1614/0890

Corbin, J. D., & D’Antonio, C. M. (2012). Gone but not forgotten? invasive plants'
legacies on community and ecosystem properties. Invasive Plant Science and

Management, 5(1), 117-124. doi:10.1614/IPSM-D-11-00005.1

Crystal-Ornelas, R., Hudgins, E., Cuthbert, R., Haubrock, P., Fantle-Lepczyk, J., Angulo,
E., Kramer, A. M., Ballesteros-Mejia, L., Leroy, B., Leung, B., Lopez-Lo6pez, E.,
Diagne, C., & Courchamp, F. (2021). Economic costs of biological invasions within

North America. NeoBiota, 67, 485-510. doi:10.3897/neobiota.67.58038

Cummings, C. D., Bidwell, T. G., Medlin, C. R., Fuhlendorf, S. D., EImore, R. D., &
Weir, J. R. (2017). Ecology and management of Sericea lespedeza. Stillwater,

Oklahoma: Oklahoma State University.

Deluca, T. H., Patterson, W. A. |, Freimund, W. A., & Cole, D. N. (1998). Influence of
llamas, horses, and hikers on soil erosion from established recreation trails in
western Montana, USA. Environmental Management (New York), 22(2), 255-262.

doi:10.1007/s002679900101

25



Dirr, M. (1983). Manual of woody landscape plants: Their identification, ornamental
characters, culture, propagation and uses (First ed.). Champaign Illinois: Stipes

Publishing Company.

Drake, S. J., Weltzin, J. F., & Parr, P. D. (2003). Assessment of nonnative invasive plants
in the DOE oak ridge national environmental research park. Southern Appalachian

Botanical Society, 68(1), 15-30. d0i:10.2172/814178

Duncan. Celestine, A., & Clark, J. K. (2005). Invasive plants of range and wildlands and
their environmental, economic, and societal impacts. Lawrence, USA: Weed

Science Society of America.

Eddy, T. A., Davidson, J., & Obermeyer, B. (2003). Invasion dynamics and biological
control prospects for Sericea lespedeza in Kansas. Great Plains Research, 13(2),
217-230. Retrieved from Agricultural Science Database. Retrieved

from https://www.jstor.org/stable/23779598

Ehrenfeld, J. G. (2003). Effects of exotic plant invasions on soil nutrient cycling

processes. Ecosystems (New York), 6(6), 503-523. doi:10.1007/s10021-002-0151-3

Elton, C. S. (1933). The ecology of invasions by animals and plants. Chicago, Illinois,

USA: Springer Nature.

Erfanian, M. B., Alatalo, J. M., & Ejtehadi, H. (2021). Severe vegetation degradation
associated with different disturbance types in a poorly managed urban recreation

destination in Iran. Scientific Reports, 11(1) doi:10.1038/s41598-021-99261-5

26



Fairbrothers, D. E., & Gray, J. R. (1972). Microstegium vimineum (Trin.) A. camus
(Gramineae) in the United States. Bulletin of the Torrey Botanical Club, 99(2), 97-

100. Retrieved from https://www-jstor-org.libproxy.clemson.edu/stable/2484205

Falcdo, J., Carvalheiro, L., Guevara, R., & Lira-Noriega, A. (2022). The risk of invasion
by angiosperms peaks at intermediate levels of human influence. Basic and Applied

Ecology, 59, 33-43. doi:10.1016/j.baae.2021.12.005

Flory, S. L., & Clay, K. (2009). Effects of roads and forest successional age on
experimental plant invasions. Biological Conservation, 142(11), 2531-2537.

doi:10.1016/j.biocon.2009.05.024

Flory, S. L., & Clay, K. (2010). Non-native grass invasion suppresses forest

succession. Oecologia, 164(4), 1029-1038. doi:10.1007/s00442-010-1697-y

Gerber, E., Krebs, C., Murrell, C., Moretti, M., Rocklin, R., & Schaffner, U. (2008).
Exotic invasive knotweeds (Fallopia spp.) negatively affect native plant and
invertebrate assemblages in European riparian habitats. Biological

Conservation, 141(3), 646-654. doi:10.1016/j.biocon.2007.12.009

Gibbons, J. W., Scott, D. E., Ryan, T. J., Buhlmann, K. A., Tuberville, T. D., Metts, B.
S., Greene, J. L., Mills, T., Leiden, Y., Poppy, S., & Winne, C. T. (2000). The global
decline of reptiles, déja vu Amphibian Reptile species are declining on a global
scale. six significant threats to reptile populations are habitat loss and degradation,

introduced invasive species, environmental pollution, disease, unsustainable use, and

27



global climate change. BioScience, 50(8), 653-666. doi:10.1641/0006-

3568(2000)050[0653: TGDORD]2.0.C0O;2

Gibson, D. J., Spyreas, G., & Benedict, J. (2002). Life history of Microstegium vimineum
(Poaceae), an invasive grass in southern Illinois. The Journal of the Torrey Botanical

Society, 129(3), 207-219. doi:10.2307/3088771

Greene, B., & Blossey, B. (2012). Lost in the weeds: Ligustrum sinense reduces native
plant growth and survival. Biological Invasions, 14(1), 139-150.

d0i:10.1007/s10530-011-9990-1

Grierson, I. T., & Oades, J. M. (1977). A rainfall simulator for field studies of run-off and
soil erosion. Journal of Agricultural Engineering Research, 22(1), 37-44.

d0i:10.1016/0021-8634(77)90091-9

Grove, E., & Clarkson, B. D. (2005). An ecological study of Chinese privet (Ligustrum

sinense (Lour.)) in the Waikato region. Oxford University Press.

Hagan, D. L., Jose, S., Bohn, K., & Escobedo, F. (2013a). Cogongrass (Imperata
cylindrica) invasion and eradication: Implications for soil nutrient dynamics in a
longleaf pine sandhill ecosystem. Invasive Plant Science and Management, 6(3),

433-443. doi:10.1614/IPSM-D-12-00089.1

Hagan, D. L., Jose, S., & Lin, C. (2013b). Allelopathic exudates of cogongrass (Imperata

cylindrica): Implications for the performance of native pine savanna plant species in

28



the southeastern US. Journal of Chemical Ecology, 39(2), 312-322.

doi:10.1007/s10886-013-0241-z

Hagan, D. L., Mikhailova, E. A., Shearman, T. M., Ma, P. T., Nankaya, J. S., Hart, S. K.,
Valdetero, H. E., Bridges, W. C., & Yun, H. (2014). The role of soil and landscape
factors in Chinese privet (Ligustrum sinense) invasion in the Appalachian
piedmont. Invasive Plant Science and Management, 7(3), 483-490.

doi:10.1614/IPSM-D-14-00002.1

Hansen, M. J., & Clevenger, A. P. (2005). The influence of disturbance and habitat on the
presence of non-native plant species along transport corridors. Biological

Conservation, 125(2), 249-259. doi:10.1016/j.biocon.2005.03.024

Hanula, J. L., & Horn, S. (2011). Removing an invasive shrub (Chinese privet) increases
native bee diversity and abundance in riparian forests of the southeastern united
states. Insect Conservation and Diversity, 4(4), 275-283. doi:10.1111/j.1752-

4598.2011.00131.x

Hardt, R. A. (1986). Japanese honeysuckle: From "one of the best" to ruthless

pest. Arnoldia, 46, 27-34.

Horvitz, N., Wang, R., Wan, F., Nathan, R., & Rees, M. (2017). Pervasive human-
mediated large-scale invasion: Analysis of spread patterns and their underlying
mechanisms in 17 of China’s worst invasive plants. The Journal of Ecology, 105(1),

85-94. doi:10.1111/1365-2745.12692

29



Howe, H. F., & Smallwood, J. (1982). Ecology of seed dispersal. Annual Review of

Ecology and Systematics, 13(1), 201-228. doi:10.1146/annurev.es.13.110182.001221

Hudson, J. R., Hanula, J. L., & Horn, S. (2014). Impacts of removing Chinese privet from
riparian forests on plant communities and tree growth five years later. Forest

Ecology and Management, 324, 101-108. doi:10.1016/j.foreco.2014.04.013

Hudson, J. R., Hanula, J. L., & Horn, S. (2013). Removing Chinese privet from riparian
forests still benefits pollinators five years later. Biological Conservation, 167, 355-

362. d0i:10.1016/j.biocon.2013.09.001

Huebner, C. D. (2007). Strategic management of five deciduous forest invaders using
Microstegium vimineum as a model species. Ohio Invasive Plants Research

Conference, pp. 19-28.

Isely, D. (1948). Lespedeza striata and L. stipulacea. Rhodora, 50(590), 21-27.

Jari¢, 1., & Cvijanovi¢, G. (2012). The tens rule in invasion biology: Measure of a true
impact or our lack of knowledge and understanding? Environmental Management

(New York), 50(6), 979-981. doi:10.1007/s00267-012-9951-1

Kalburtji, K. L., & Mosjidis, J. A. (1993). Effects of Sericea lespedeza root exudates on
some perennial grasses. Journal of Range Management, 46(4), 312-315.

doi:10.2307/4002464

Kempel, A., Chrobock, T., Fischer, M., Rohr, R. P., & Van Kleunen, M. (2013).

Determinants of plant establishment success in a multispecies introduction

30



experiment with native and alien species. Proceedings of the National Academy of

Sciences - PNAS, 110(31), 12727-12732. doi:10.1073/pnas.1300481110

Kilkenny, F. F., & Galloway, L. F. (2016). Evolution of marginal populations of an
invasive vine increases the likelihood of future spread. New Phytologist, 209(4),

1773-1780. doi:10.1111/nph.13702

Ladwig, L. M., Meiners, S. J., Pisula, N. L., & Lang, K. A. (2012). Conditional
allelopathic potential of temperate lianas. Plant Ecology, Special Issue: The Ecology

of Allelopathy, 213(12), 1927-1935. doi:10.1007/sl

Lazaro-Lobo, A., Ramirez-Reyes, C., Lucardi, R. D., & Ervin, G. N. (2021). Multivariate
analysis of invasive plant species distributions in southern US forests. Landscape

Ecology, 36(12), 3539-3555. doi:10.1007/510980-021-01326-3

Leischman, M. R., & Thomson, V. P. (2005). Experimental evidence for the effects of
additional water, nutrients, and physical disturbance on invasive plants in low
fertility hawkesbury sandstone soils, Sydney, Australia. The Journal of

Ecology, 93(1), 38-49. doi:10.1111/j.1365-2745.2004.00938.x

Loewenstein, N., & Loewenstein, E. (2005). Non-native plants in the understory of
riparian forests across a land use gradient in the southeast. Urban Ecosystems, 8(1),

79-91. doi:10.1007/s11252-005-1420-7

31



Manning, R. E. (1979). Impacts of recreation on riparian soils and vegetationl1. Journal of
the American Water Resources Association, 15(1), 30-43. do0i:10.1111/j.1752-

1688.1979.tb00287.x

Marion, J., Leung, Y., Eagleston, H., & Burroughs, K. (2016). A review and synthesis of
recreation ecology research findings on visitor impacts to wilderness and protected

natural areas. Journal of Forestry, 114(3), 352-362. doi:10.5849/jof.15-498

Marshall, J. M., Buckley, D. S., & Franklin, J. A. (2009). Competitive interaction
between Microstegium vimineum and first-year seedlings of three central
hardwoods. The Journal of the Torrey Botanical Society, 136(3), 342-349.

doi:10.3159/09-RA-006.1

McCarthy, G. (1896). Some new forage, fiber, and other useful plants. North Carolina:

North Carolina Agricultural Experiment Station.

McGrath, D., & Binkley, M. A. (2009). Microstegium vimineum invasion changes soil
chemistry and microarthropod communities in Cumberland Plateau

forests. Southeastern Naturalist, 8(1), 141-156. doi:10.1656/058.008.0113

McKinney, M. L. (2004). Measuring floristic homogenization by non-native plants in
North America. Global Ecology and Biogeography, 13(1), 47-53.

doi:10.1111/j.1466-882X.2004.00059.x

32



McLendon, T., & Redente, E. F. (1992). Effects of nitrogen limitation on species
replacement dynamics during early secondary succession on a semiarid sagebrush

site. Oecologia, 91(3), 312-317. doi:10.1007/BF00317618

Merriam, R., & Feil, E. (2002). The potential impact of an introduced shrub on native
plant diversity and forest regeneration. Biological Invasions, 4(4), 369-373.

doi:10.1023/A:1023668101805

Meyerson, L. A., & Mooney, H. A. (2007). Invasive alien species in an era of
globalization. Frontiers in Ecology and the Environment, 5(4), 199-208.

d0i:10.1890/1540-9295(2007)5[199:1ASIAE]2.0.CO;2

Michigan Invasive Species Program. (2022). Japanese stiltgrass. Retrieved November
27, 2022, from https://www.michigan.gov/invasives/id-report/plants/grass/japanese-

stiltgrass

Mikhailova, E. A., Hagan, D., Sharp, J., Ritter, B., Stiglitz, R., Mealing, V., Allerton, T.,
Burdette, K., Solomons, A., & Schlautman, M. A. (2017). Landscape, soil, and plant
analysis of Japanese stiltgrass (Microstegium vimineum) invasion in the piedmont
region, SC. Communications in Soil Science and Plant Analysis, 48(9), 1068-1077.

doi:10.1080/00103624.2017.1323099

Miller, J. H. (2006). Nonnative invasive plants of southern forests (Revised 2006).

Asheville, NC: U.S. Dept. of Agriculture, Forest Service, Southern Research Station.

33



Miller, N. P., & Matlack, G. R. (2010). Biodiversity research: Population expansion in an
invasive grass, Microstegium vimineum: A test of the channeled diffusion
model. Diversity & Distributions, 16(5), 816-826. doi:10.1111/j.1472-

4642.2010.00690.x

Minor, E. S., & Gardner, R. H. (2011). Landscape connectivity and seed dispersal
characteristics inform the best management strategy for exotic plants. Ecological

Applications, 21(3), 739-749. doi:10.1890/10-0321.1

Montagnani, C., Gentili, R., Brandu, G., Caronni, S., & Citterio, S. (2022). Accidental
introduction and spread of top invasive alien plants in the European union through
human-mediated agricultural pathways: What should we expect? Agronomy

(Basel), 12(2), 423-451. doi:10.3390/agronomy12020423

Moser, W. K., Barnard, E. L., Billings, R. F., Crocker, S. J., Dix, M. E., Gray, A. N., Ice,
G. G,, Kim, M., Reid, R., Rodman, S. U., & McWilliams, W. H. (2009). Impacts of
nonnative invasive species on US forests and recommendations for policy and

management. Journal of Forestry, 107(6), 320-327. doi:10.1093/jof/107.6.320

Murray, B. R., & Phillips, M. L. (2009). Investment in seed dispersal structures is linked
to invasiveness in exotic plant species of south-eastern Australia. Biological

Invasions, 12(7), 2265-2275. doi:10.1007/s10530-009-9637-7

National Oceanic and Atmospheric Administration. South Carolina Weather. Retrieved

January 14, 2021, from https://www.noaa.gov/weather

34



Oswalt, C. M., & Oswalt, S. N. (2007). Winter litter disturbance facilitates the spread of
the nonnative invasive grass Microstegium vimineum (Trin.) A. camus). Forest

Ecology and Management, 249(3), 199-203. doi:10.1016/j.foreco.2007.05.007

Outdoor Foundation. (2021). Outdoor foundation 2021 outdoor participation trends

report. Outdoor Industry Association.

Panetta, F. D. (2000). Fates of fruits and seeds of Ligustrum lucidum (W.T.ait). and L.
sinense (Lour.) maintained under natural rainfall or irrigation. Australian Journal of

Botany, 48(6), 701. doi:10.1071/BT00005

Pickering, C. M., Bear, R., & Hill, W. (2007). Indirect impacts of nature-based tourism
and recreation: The association between infrastructure and the diversity of exotic
plants in Kosciuszko National Park, Australia. Journal of Ecotourism, 6(2), 146-157.

doi:10.2167/joel62.0

Pimentel, D., Zuniga, R., & Morrison, D. (2005). Update on the environmental and
economic costs associated with alien-invasive species in the United

States. Ecological Economics, 52(3), 273-288. doi:10.1016/j.ecolecon.2004.10.002

Potito, A. P., & Beatty, S. W. (2005). Impacts of recreation trails on exotic and ruderal
species distribution in grassland areas along the Colorado front range.
Environmental Management (New York), 36(2), 230-236. doi:10.1007/s00267-003-

0177-0

35



Presotto, A., Hernandez, F., Casquero, M., Vercellino, R., Pandolfo, C., Poverene, M.,
Cantamutto, M. (2020). Seed bank dynamics of an invasive alien species, Helianthus

annuus L. Journal of Plant Ecology, 13(3), 313-322. doi:10.1093/jpe/rtaa016

Pysek, P., Jarosik, V., Hulme, P. E., Kiihn, 1., Wild, J., Arianoutsou, M., Bacher, S.,
Chiron, F., Didziulis, V., Essl, F., Genovesi, P., Gherardi, F., Hejda, M., Kark, S.,
Lambdon, P. W., Desprez-Loustau, M., Nentwig, W., Pergl, J., Poboljsaj, K.,
Rabitsch, W., Roques, A., Roy, D. B., Shirley, S., Solarz, W., Vila, M., Winter, M.
(2012). Disentangling the role of environmental and human pressures on biological
invasions across Europe. Proceedings of the National Academy of Sciences -

PNAS, 107(27), 12157-12162. d0i:10.1073/pnas.1002314107

Pysek, P., Hulme, P. E., Simberloff, D., Bacher, S., Blackburn, T. M., Carlton, J. T,
Dawson, W., Essl, F., Foxcroft, L. C., Genovesi, P., Jeschke, J. M., Kuhn, 1.,
Liebhold, A. M., Mandrak, N. E., Meyerson, L. A., Pauchard, A., Pergl, J., Roy, H.
E., Seebens, H., Kleunen, M., Vila, M., Wingfield, M. J., and Richardson, D. M.
(2020). Scientists' warning on invasive alien species. Biological Reviews, 95(6)

doi:10.1111/brv.12627

Qian, H., & Ricklefs, R. E. (2006). The role of exotic species in homogenizing the North
American flora. Ecology Letters, 9(12), 1293-1298. doi:10.1111/j.1461-

0248.2006.00982.x

36



R Core Team (2020). R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. Retrieved from

https://www.R-project.org/.

Rauschert, E. S. J., Mortensen, D. A., Bjgrnstad, O. N., Nord, A. N., & Peskin, N. (2010).
Slow spread of the aggressive invader, Microstegium vimineum (Japanese

stiltgrass). Biological Invasions, 12(3), 563-579. doi:10.1007/s10530-009-9463-y

Ray, J., & Bordolui, S. K. (2021). Role of seed banks in the conservation of plant
diversity and ecological restoration. Journal of Environmental Sciences, 3(2), 1-16.

doi:http://doi.org/10.5281/zen0d0.4922618

Rehder, A. (1903). Synopsis of the genus lonicera. Missouri Botanical Garden Annual

Report, 1903, 27-232. doi:10.2307/2400049

Reichard, S. H., & White, P. (2001). Horticulture as a pathway of invasive plant
introductions in the United States. BioScience, 51(2), 103-113. doi:10.1641/0006-

3568(2001)051[0103:HAAPOI]2.0.CO;2

Richardson, D. M., Pysek, P., Rejmanek, M., Barbour, M. G., Panetta, F. D., & West, C.
J. (2000). Naturalization and invasion of alien plants: Concepts and
definitions. Diversity and Distributions, 6(2), 93-107. doi:10.1046/j.1472-

4642.2000.00083.x

37



Ritchie, M.E. & Tilman, D. (1995). Responses of legumes to herbivores and nutrients
during succession on a nitrogen-poor soil. Ecology (Durham), 76(8), 2648-2655.

doi:10.2307/2265835

Rodrigues, R. R., Pineda, R. P., Barney, J. N., Nilsen, E. T., Barrett, J. E., & Williams,
M. A. (2015). Plant invasions associated with change in root-zone microbial
community structure and diversity. PLoS ONE, 10(10), e0141424.

doi:10.1371/journal.pone.0141424

Salesa, D., & Cerda, A. (2020). Soil erosion on mountain trails as a consequence of
recreational activities. A comprehensive review of the scientific literature. Journal of

Environmental Management, 271, 110990. doi:10.1016/j.jenvman.2020.110990

Scanlan, J. C., Pressland, A. J., & Myles, D. J. (1996). Run-off and soil movement on
mid-slopes in north-east Queensland grazed woodland . Rangeland Journal, 18(1),

33-46.

Schierenbeck, K. A. (2004). Japanese honeysuckle (Lonicera japonica) as an invasive
species; history, ecology, and context. Critical Reviews in Plant Sciences, 23(5),

391-400. doi:10.1080/07352680490505141

Schramm, J. W., & Ehrenfeld, J. G. (2012). Patterns of patch colonization and expansion
in the non-native annual grass Microstegium vimineum (poaceae). New England

Botanical Club.

38



Silliman, S., & Maccarone, A. D. (2005). Distribution, infestation, and habits of Sericea
lespedeza (Lespedeza cuneata) in Cowley County, Kansas. Transactions of the

Kansas Academy of Science, 108(3), 83-92. doi:10.1660/0022-

Skulman, B. W., Mattice, J. D., Cain, M. D., & Gbur, E. E. (2004). Evidence for
allelopathic interference of Japanese honeysuckle (Lonicera japonica) to loblolly
and shortleaf pine regeneration. Weed Science, 52(3), 433-439. doi:10.1614/WS-03-

030R

Small, J. K. (1933). Manual of the southeastern flora: Being descriptions of the seed
plants growing naturally in Florida, Alabama, Mississippi, eastern Louisiana,
Tennessee, North Carolina, South Carolina and Georgia. Chapel Hill North

Carolina: University of North Carolina.

Smith, C. (2008). Invasive exotic plants of North Carolina . North Carolina: N.C.

Department of Transportation.

Smith, A., Hodkinson, T., Villellas, J., Catford, J., Csergo, A., Blomberg, S., Crone, E.,
Ehrlen, J., Garcia, M., Laine, A., Roach, D., Salguero-Gomez, R., Wardle, G.,
Childs, D., Elderd, B., Finn, A., Munne-Bosch, S., Baudraz, M., Bodis, J., Brearley,
F., Bucharova, A., Caruso, C., Duncan, R., Dwyer, J., Gooden, B., Groenteman, R.,
Hamre, L., Helm, A., Kelly, R., Laanisto, L., Lonati, M., Moore, J., Morales, M.,
Olsen, S., Partel, M., Petry, W., Ramula, S., Rasmussen, P., Enri, S., Roeder, A.,

Roscher, C., Saastamoinen, M., Tack, A., Topper, J., Vose, G., Wandrag, E.,

39



Wingler, A., Buckley, Y. (2020). Global gene flow releases invasive plants from

environmental constraints on genetic diversity. PNAS, 117(8), 4218-4227.

Stinson, K. A., Campbell, S. A., Powell, J. R., Wolfe, B. E., Callaway, R. M., Thelen, G.
C., Hallett, S. G., Prati, D., Klironomos, J. N. (2006). Invasive plant suppresses the
growth of native tree seedlings by disrupting belowground mutualisms. PL0S

Biology, 4(5), €140. doi:10.1371/journal.pbio.0040140

Stricker, K. B., Hagan, D., & Flory, S. L. (2015). Improving methods to evaluate the
impacts of plant invasions: Lessons from 40 years of research. AoB Plants, 7, 1- 10.

doi:10.1093/aobpla/plv028

Tekiela, D. R., & Barney, J. N. (2013). Quantifying Microstegium vimineum seed
movement by non-riparian water dispersal using an ultraviolet-marking based

recapture method. PLoS ONE, 8(9), e63811. doi:10.1371/journal.pone.0063811

Trombulak, S. C., & Frissell, C. A. (2000). Review of ecological effects of roads on
terrestrial and aquatic communities. Conservation Biology, 14(1), 18-30.

d0i:10.1046/j.1523-1739.2000.99084.x

United States Department of Agriculture. (1950). Sericea and other perennial lespedezas

for forage and soil conservation. United States Department of Agriculture.

United States Department of Agriculture. (2011). Chinese lespedeza. Retrieved February

10, 2019.

40



USDA Forest Service (2020) U.S. Forest Service national visitor use monitoring survey

results national summary report 2014 - 2018. Retrieved February 12, 2019

USDA Forest Service. (2022). Silviculture. Retrieved May 24, 2022,

from https://www.fs.fed.us/forestmanagement/vegetation-

management/silviculture/index.shtml

USDA Natural Resources Conservation Service. Web soil survey. Retrieved December

17, 2021, from https://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx

Vanderhoeven, S., Dassonville, N., & Meerts, P. (2005). Increased topsoil mineral
nutrient concentrations under exotic invasive plants in Belgium. Plant and

Soil, 275(1/2), 169-179. doi:10.1007/s11104-005-1257-0

Vila, M., Espinar, J. L., Hejda, M., Hulme, P. E., Jarosik, V., Maron, J. L., Pergl, J.,
Schaffner, U., Sun, Y., & Pysek, P. (2011). Ecological impacts of invasive alien
plants: A meta-analysis of their effects on species, communities, and

ecosystems. Ecology Letters, 14(7), 702-708. doi:10.1111/j.1461-0248.2011.01628.x

Vila, M., & Weiner, J. (2004). Are invasive plant species better competitors than native
plant species? - evidence from pair-wise experiments. Oikos, 105(2), 229-238.

d0i:10.1111/j.0030-1299.2004.12682.x

Wallin, T. R., & Harden, C. P. (1996). Estimating trail-related soil erosion in the humid

tropics: Jatun Sacha, Ecuador, and La Selva, Costa Rica. Ambio, 25(8), 517-522.

41



Wallinga, J., Kropff, M. J., & Rew, L. J. (2002). Patterns of spread of annual

weeds. Basic and Applied Ecology, 3(1), 31-38. d0i:10.1078/1439-1791-00074

Wang, H., Wonkka, C. L., Grant, W. E., & Rogers, W. E. (2012). Potential range
expansion of Japanese honeysuckle (Lonicera japonica (Thunb.)) in southern U.S.

forestlands. Forests, 3(3), 573-590. doi:10.3390/f3030573

Webster, C. R., Jenkins, M. A., & Jose, S. (2006). Woody invaders and the challenges
they pose to forest ecosystems in the eastern united states. Journal of Forestry. 366-

374.

West, N. M., Gibson, D. J., & Minchin, P. R. (2010). Microhabitat analysis of the
invasive exotic liana Lonicera japonica (Thunb). The Journal of the Torrey

Botanical Society, 137(4), 380-390. doi:10.3159/09-RA-048.1

Wilkinson, C. F., & Anderson, H. M. (1985). Land and resource planning in the national
forests. Oregon Law Review, 64, 1-371.Wilcox, J., & Beck, C. W. (2007). Effects of
Ligustrum sinense (Lour.) (Chinese privet) on abundance and diversity of songbirds
and native plants in a southeastern nature preserve. Southeastern Naturalist, 6(3),

535-550. doi:10.1656/1528-7092(2007)6[535:e0lslc]2.0.co;2

Williamson, M. H., Brown, K. C., Holdgate, M. W., Kornberg, H., Southwood R., &
Mollison, D. (1986). The analysis and modelling of British invasions [and
discussion]. Philosophical Transactions of the Royal Society of London. B,

Biological Sciences, 314(1167), 505-522. doi:10.1098/rstb.1986.0070

42



Williamson, M., & Fitter, A. (1996). The varying success of invaders. Ecology, 77(6),

1661-1666. doi:10.2307/2265769

Winter, K., Schmitt, M. R., & Edwards, G. E. (1982). Microstegium vimineum, a shade
adapted C4 grass. Plant Science Letters, 24(3), 311-318. doi:10.1016/0304-

4211(82)90027-X

Wong, B. M., Houseman, G. R., Hinman, S. E., & Foster, B. L. (2012). Targeting
vulnerable life-stages of sericea lespedeza (Lespedeza cuneata) with prescribed
burns. Invasive Plant Science and Management, 5(4), 487-493. doi:10.1614/IPSM-

D-12-00002.1

Yang, M., Lu, Z., Liu, X., De Wulf, R., Hens, L., & Ou, X. (2018). Association of non-
native plant species with recreational roads in a national park in the eastern
himalayas, China. Mountain Research and Development, 38(1), 53-62.

d0i:10.1659/MRD-JOURNAL-D-17-00012.1

Yannarell, A. C., Busby, R. R., Denight, M. L., Gebhart, D. L., & Taylor, S. J. (2011).
Soil bacteria and fungi respond on different spatial scales to invasion by the legume
Lespedeza cuneata. Frontiers in Microbiology, 2, 1-12.

d0i:10.3389/fmicb.2011.00127

Yates, E. D., Levia Jr., D. F., & Williams, C. L. (2004). Recruitment of three non-native
invasive plants into a fragmented forest in southern Illinois. Forest Ecology and

Management, 190(2-3), 119-130. doi:10.1016/j.foreco.2003.11.008

43



Zabinski, C., Wojtowicz, T., & Cole, D. (2000). The effects of recreation disturbance on
subalpine seed banks in the Rocky Mountains of Montana. Canadian Journal of

Botany, 78, 577-582. doi:/10.1139/b00-031

Zedler, J. B., & Kercher, S. (2004). Causes and consequences of invasive plants in
wetlands: Opportunities, opportunists, and outcomes. Critical Reviews in Plant

Sciences, 23(5), 431-452. doi:10.1080/07352680490514673

Zenni, R. D., Essl, F., Garcia-Berthou, E., & McDermott, S. M. (2021). The economic
costs of biological invasions around the world. NeoBiota, 67(3), 1-9.

doi:10.3897/neobhiota.67.69971

Zhang, Y., Hanula, J. L., Horn, S., Braman, S. K., & Sun, J. (2011). Biology of
Leptoypha hospita (Hemiptera: Tingidae), a potential biological control agent of
Chinese privet. Annals of the Entomological Society of America, 104(6), 1327-1333.

doi:10.1603/AN11042

Zhang, Y., Hanula, J. L., O'Brien, J., Horn, S., Braman, K., & Sun, J. (2013). Evaluation
of the impacts of herbivory by lace bugs on Chinese privet (Ligustrum sinense)
survival and physiology. Biological Control, 64(3), 299-304.

doi:10.1016/j.biocontrol.2012.12.003

Ziska, L. H., Tomecek, M. B., Valerio, M., & Thompson, J. P. (2015). Evidence for
recent evolution in an invasive species, Microstegium vimineum, Japanese

stiltgrass. Weed Research, 55(3), 260-267. doi:10.1111/wre.12138

44



CHAPTER TWO

ASSESSING RECREATIONISTS” KNOWLEDGE ON INVASIVE PLANT SPREAD
AND MOTIVATIONS TO MANAGE

Introduction
Recreational impacts on invasive plants and the environment

Human movement and connectivity may have an impact on the expansion of
invasive species (Chapman et al. 2019, Falcéo et al. 2022) through forest road
management (Rauschert et al. 2009), recreation (Dickens et al. 2005), and agricultural
activities (Montagnani et al. 2022). Roadside plant communities, especially trailheads
and trail destinations where there are elevated levels of human activity, experience
increased levels of invasive plants that threaten native biodiversity (Moser et al 2009,
Manee et al. 2015, Yang et al. 2018, Falc&o et al. 2022). Recreational trails are a major
corridor for invasive plant dispersal with areas of high motorized vehicle use, horseback
riding, and hiking experiencing heightened plant invasion, even in protected natural areas
(Barros and Pickering 2014, Yang et al. 2018). Recreational activities have a strong
influence on the spread of invasives, in part due to the connections that human activities
create between areas that would normally have been separated by natural barriers
(Chapman et al. 2019), with human activities spreading invasives at a much greater
distance than natural dispersal methods (Horvitz et al. 2017). Additionally, recreation
activities increase soil erosion (Salesa and Cerda 2020) which impact invasive plant
dispersal (Truscott et al. 2006), especially following rain events (Mohamadi and Kavian

2015, Wen et al. 2015).
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Invasive plant impacts on human wellbeing and health

While there has been significant research on the ecological impacts of invasive
species (Ehrenfeld 2003, Stricker et al. 2015), a growing number of scientists aim to
establish a better understanding of the social, emotional, physical, and financial impacts
on communities surrounded by ecosystems that have been negatively impacted by
environmental change (MacKerron and Mourato 2009, Jones 2017). Human connection
to the natural environment has positive effects on overall mental and physical well-being
(MacKerron and Mourato 2009, Hartig et al 2014). Invasive plants negatively impact
humans by decreasing mental and physical wellbeing (MacKerron and Mourato 2009,
Donovan et al. 2013, Hartig et al 2014, Marselle et al. 2019, Shackleton et al. 2019a, de
Vries and Snep 2019). Not all introduced plants change our natural environment in a way
that creates negative ecological, financial, or social-emotional change (Schlaepfer et al.
2011, Aerts et al. 2018), which makes plant invasion a science of human dimensions
(Epanchin-Niell et al. 2010) as we seek to understand the driving factors of human
perception on invasive plant species (Pejchar and Mooney 2009).
Invasive Species’ Impact on Mental Wellbeing

It is not enough to just consider the ecological factors at play when combatting
plant invasions, as there are many factors that influence environmental decision making
at the individual level, with finances and human health being strong predictors of
environmental behavior (Gifford and Nilsson 2014). Finances and human health have
broader implications to human values because they impact areas of human wellbeing not

related to environmental concerns (Gifford and Nilsson 2014) which may require
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education aimed at utilizing social influence, feelings of independence, and the tangibility
of actions associated with environmental actions (White et al. 2019). Humans often seek
a sense of self, well-being, and mental clarity by utilizing nature (Brymer et al. 2020),
with forests and recreation being positively associated with better overall health and
mental happiness (Jones 2017, Aerts et al. 2018, Nowak et al. 2018, Stier-Jarmer et al.
2021) but also with the unintentional spread of invasive plants (Chapman et al. 2019,
Pysek et al. 2020). The degradation of environmental quality then impacts people’s
mental and physical health (Donovan et al. 2013, Marselle et al. 2019, Shackleton et al.
2019a, de Vries and Snep 2019).
Human Dimensions of Invasion

Reducing the spread of invasive species hinges on human values, public
perceptions, and stakeholders’ willingness to purposefully maintain actions that inhibit
invasive spread (McLeod et al. 2015). Unfortunately, research regarding the human
dimensions of invasive species is growing but still limited in comparison to the number
of ecological studies (Estevez et al. 2015), but a recent study looking to understand
effective outreach on invasive species found that raising awareness may be one of the key
approaches in modifying human behavior (Solano et al. 2022) The negative impacts on
people’s mental and physical well-being alone may not equate to environmental action,
as perceptions and attitudes towards invasive management vary among stakeholders,
creating a significant barrier to invasive species management (Garcia-Llorente et al.
2008). This lack of support is also fueled by a lack of understanding about human

perceptions, behaviors, and attitudes in decision making processes (Andreu et al. 2009,
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Kapitza et al. 2019). Invasive species management has long used science and policy to
mitigate the spread of invasive species, but often does not consider the social dimensions
behind invasive species prevention and spread, thus causing pushback from the public
(Bremner and Park 2007, Sievanen et al. 2012, Crowley et al. 2017, Head 2017).

Humans may instinctively push back against policies that utilize harsh tactics
towards compliance (Koslowsky et al. 2001, Schwarzwald et al 2001, Kapitza et al.
2019) and leave the stakeholder with the belief that their freedoms have been restricted
(Jakobsson et al. 2000). Policies surrounding invasive species control may struggle to
gain traction due to the publics’ opinion on governmental credibility (Warner and
Kinslow 2013). While most members of the scientific community may view a species as
invasive and damaging, there may also be other scientists and non-expert public who may
perceive the same species as beneficial to individuals or communities, creating conflict
when these social, cultural, and emotional beliefs are not considered in policy making
processes (Davis et al. 2011, Schlaepfer et al. 2011, Shackleton et al. 2019b).

People of Color are severely underrepresented in outdoor recreation due to the
privilege that the education and income of their White counterpart’s experience (Schultz
et al. 2019, Davis 2019). There is also a system of bias and discrimination for minorities
that has persisted since the middle of the 20" century (Stanfield et al. 2005). The number
of ethnic minorities and Caucasians will continue to narrow, with less than half of the
U.S. population projected to be white by the middle of the 21% century (Colby and
Ortman 2015). Parks and recreation currently struggle to meet the needs of this changing

demographic (Davis 2019), and with different minority groups having different values, it
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may require different management strategies for recreational areas (Orddfiez-Barona
2017). Previous research has shown there are differences in the type of recreation
preferred by minorities and whites (Virden and Walker 1999, Buijs et al. 2009), and a
different preference for where the recreation occurs in wildlife and urban settings (Kaplan
and Talbot 1988, Yoon and Lee 2019), often because of historical oppression (Johnson et
al. 2004). With a growing understanding that a sense of place may drive environmental
decision making, environmental education is lacking in the use of this method of
connection to nature (Thomashow 2002, Kudryavtsev et al. 2010).
Motivations and Responsibility

Self-efficacy, the belief that you can be successful when completing a task
(Bandura 1997), may alter the way people perceive their personal responsibility in
invasive species management. There are many drivers, such as cultural identity, natural
resource stewardship, decision-making autonomy, socio-cultural context, benefits, and
costs that influence perceived behavioral control on conservation actions (Shackleton et
al. 2019b, Perry and Davenport 2020). If there is a belief that personal actions will have
no influence or create negative impacts, self-efficacy and motivation may remain low
(Perry and Davenport 2020) thwarting attempts at invasive plant management (Clarke et
al. 2021a). Increased self-efficacy can be acquired through successfully completed
actions or personal observations of others completing tasks correctly (Zulkosky 2009)
which may translate to the belief that one’s actions may have an impact on invasive

species management (Pradhananga and Davenport 2022). This further demonstrates the
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need to better understand factors affecting self-efficacy and sense of responsibility which
can be used to motivate people to actively manage invasive species (McLeod et al. 2015).

Invasive plant knowledge is gained through education, extension services, friends,
family, citizen science, volunteer groups, the news, and other forms of social media
(Krasny and Lee 2002, Crall et al. 2015, Blood 2016, Clarke et al. 2019, Pinkerton et al.
2019). Social media usage is growing at an unprecedented rate and is significant source
of connectivity between people (Twenge et al. 2019, Abi-Jaoude et al 2020). Younger
generations of people are actively engaged in social media, making it a useful mechanism
for generating pro-environmental education and behavioral changes (Fischer et al. 2023).
Diverse groups of people are active on social media with many using these platforms to
share personal experiences, both positive and negative (Laudy et al. 2020, Koen and
Newton 2021, Vitale et al. 2021). Social media frequently uses message framing to reach
target audiences (Radler et al. 2020), with images that illicit gut reactions having effects
on their decision-making process (Shaw et al. 2021). Social media may provide a
platform for sharing invasive species education for a broad audience of people (Blood
2016). Media coverage of invasive plants influences public and stakeholder perceptions
in a way that may create conflict with managers, indicating that there is a greater need for
the study of educational delivery methods that will reduce misinformation and increase
public support for invasive plant management (Sharp et al. 2011).

Social norms are the influence of perceived social pressure to conform to a certain
accepted standard (Cialdini and Goldstein 2004, Hong and Kacperczyk 2009, Mollen et

al. 2010), which can influence a person’s receptiveness to environmental policy and
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behavioral changes (Minato et al. 2010, De Groot and Schuitema 2012, Niemiec et al.
2016, Collado et el. 2019, Lubeck et al. 2019). Social norms, how one may perceive other
people as acting towards a situation, can influence personal norms, and be a predictor of
altruistic environmentally conscious behaviors (Schwartz 1977, Dwyer et al. 2015).
Social norms can help predict ecological behaviors (Schwartz 1977, Dwyer et al. 2015)
and the use of social media to influence social norms may increase public willingness to
act on the suppression of invasive plants (Gharis et al. 2014). Social norms can be
changed with active engagement through social media and extension services (Gharis et
al. 2014, Koen and Newton 2021). A propensity towards conformity of social norms may
be influenced by positive landowner interactions and may help facilitate collective action
for invasive plant management (Niemiec et al 2016, Clarke et al. 2021b).
Horticulture and Invasive Plant Spread

The horticulture industry has long been a doorway for invasive species
introduction, with many policies on the import of invasives being outdated (Reichard and
White 2001, Drew et al. 2010, Liebhold et al. 2012). While only a small portion of plants
in the horticulture industry escape cultivation, approximately 61% of plants sold by the
horticulture industry are invasive plants that have catastrophic impacts on native plants,
biodiversity, and ecosystems (Reichard and White 2001, Baskin 2002, Mack and
Erneberg 2002, Beaury et al. 2021, Clarke et al. 2021b). Increases in personal wealth
often correlate with increased spending on horticultural products (Posadas et al. 2021),
and the 2019 Census of the Horticultural Specialties report showed the industry had

grown to $13.8 billion in the United States (United States Department of Agriculture
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2020). Ornamental non-native plants purchased for home properties can escape through
natural dispersal methods into native forests, replacing native plant species and reducing
food web complexity (Burghardt et al. 2010, Narango et al. 2017, Padayachee et al.
2017), with some studies reporting up to 33% of plant species along rural-to urban
gradients being non-native (Loewenstein and Loewenstein 2005).

Willingness to prevent the spread of invasive plants can be increased through
education (Crall et al. 2013), but there can be a complacency in prevention strategies
where people believe invasion is a natural part of an ecosystem (Bardsley and Edwards-
Jones 2006). Invasive plants continue to be sold as ornamentals, with new exotics being
introduced as the industry grows (Gagliardi and Brand 2007, Drew et al. 2010).
Habituation, the diminishing of a physiological or emotional response to repeated stimuli,
of invasive species through the horticulture industry can negatively impact the public’s
awareness and willingness to combat invasive species (Kalnicky et al. 2014). Posadas et
al. 2021 used voluntary surveys over a five-year period that showed 93% of people given
education through extension services later applied the information learned to their home
practices.

Education aimed at helping consumers understand the impacts of invasive plants
on local ecosystems may help combat plant invasion (Drew et al. 2010). A lack of
knowledge related to invasive species and how human activity may influence invasive
plant dispersal patterns have been identified as predictors of non-use of preventative
behaviors (Drake et al. 2014, Nanayakkara et al. 2017). Individuals with knowledge of

invasive issues show higher levels of support for eradication programs, demonstrating
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that awareness may be tied to action (Bremner and Park 2007). Greater education about
environmental issues also increases the likelihood that an individual will enact
environmentally proactive behaviors (Levine and Strube 2012, Robelia and Murphy
2012). A focus on public awareness to increase knowledge of invasive plant impacts can,
therefore, increase overall public support towards actions aimed at reducing invasive
plant spread (Novoa et al. 2017).

Humans contribute to both the spread and management of invasive plants through
recreation and agricultural activities (Dickens et al. 2005, Rauschert et al. 2009,
Montagnani et al. 2022). Understanding human perceptions towards invasive species
management and recognizing the drivers to behavioral change will allow for development
of programs that initiate lasting changes among recreationists to help mitigate invasive
species spread (Kollmuss and Agyeman 2010, McLeod et al. 2015).

Obijectives

The overall goal of my research was to assess the knowledge and awareness of
recreational trail users about invasive plant species present in the Clemson Experimental
Forest (CEF). To address this goal, | surveyed recreationists to evaluate 1) their ability to
correctly identify invasive plant species present in the CEF, 2) sources of invasive plant
knowledge, 3) where trail users purchase plants for personal use, and 4) personal beliefs
regarding invasive plant prevention and management. | hypothesized that recreationists
within the CEF will 1) have limited ability to correctly identify invasive plant species
present in the CEF, 2) gain their invasive plant knowledge through communication

through social media and with friends and family, 3) purchase most plants for personal
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use from big box retail stores, and 4) have high personal belief and motivation with
regards to preventing and managing for invasive plants.
Methods
Site Description

The research area is located within the Clemson Experimental Forest (CEF)
(34.738017, -82.841439), which spans 7,081 hectares surrounding Clemson University,
in Oconee, Pickens, and Anderson Counties in South Carolina (Clemson Public Service
and Agriculture 2022; Figure 1.1). Elevations range between 198 and 304 meters above
sea level. The predominant soil within the CEF is Pacolet (fine, kaolinitic, thermic Typic
Kanhapludults) but Catula (fine, kaolinitic, thermic Oxyaquic Kanhapludults) and Cecil
(fine, kaolinitic, thermic Typic Kanhapludults) can also be found in certain areas (United
States Department of Agriculture 2022). Since 1991, monthly rainfall ranged between 8.8
cm to 12.47 cm, with monthly low temperatures ranging between 0.89 °C to 21.06°C and
monthly high temperatures ranging between 11.06°C to 31.5°C (National Oceanic and
Atmospheric Administration 2022; Table 1.2). Among the various forest types in the
CEF, there are 2690 hectares of planted pine, 1268 hectares of cove hardwood, 1142
hectares of upland hardwood, 918 hectares of pine-hardwood mix, and 878 hectares of
natural pine, with the remaining 185 hectares in unplanted fields or bodies of water
(Clemson University Office of Land Management 2008, Clemson Public Service and
Agriculture 2022; Table 1.3). Three trail systems are divided among three areas: Todd’s

creek (29 kilometers long), Fants Grove (64 kilometers long), and Issaqueena/Keowee
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Heights (76 kilometers long), with dozens of formal and informal trailheads dispersed
throughout the CEF (Figure 1.2).
Survey Design and Data Collection

We developed a survey questionnaire during the summer of 2020 to assess
recreationists’ knowledge, perceptions, and actions towards invasive plants in the CEF.
The survey was distributed using Qualtrics (Qualtrics, Provo, UT), an online survey tool,
that is widely used to collect electronic survey data. The survey had a total of 46
questions (Appendix C) and was broken into eight sections: 1) visit to the CEF, 2)
knowledge and awareness of invasive plants, 3) current and past actions related to
invasive plant management, 4) perceptions of responsibility towards the CEF, 5) invasive
plants on their own properties, 6) future actions, 7) learning and education —
recreationists motivations to learn more, and 8) socio-demographics of respondents.
Respondents were given a map so that they could select the areas of the CEF they visited
and shown images of native and invasive species found within the CEF to determine their
ability to identify species accurately. The survey was approved by the Clemson
Institutional Review Board (IRB220-205). Recreationists could take the survey at
trailheads through QR codes, printed paper surveys placed at recreational trailheads
around the CEF along with a waterproofed box to collect the completed questionnaires,
or a web link to take the survey from a web browser. The survey was active between 28
September and 30 November 2020.

Eleven sites were chosen in the Fants Grove area in the southern Clemson

Experimental Forest and fourteen locations were chosen in along the Issaqueena trail and
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Todds Creek recreation areas in the northern CEF (Figure 2.1). These sites were chosen
based on their use as frequently utilized trailheads. QR codes were created so that trail
users could quickly access the survey online and take it through their cellular devices,
and printed copies of the survey were placed at trailheads with the most frequent use and
access to a covered area.
Analyses

Between 28 September 2020 and 30 November 2020, a total of 186 forest users
responded to the survey through the Qualtrics software system. Of these surveys, 128
(69%) were completed through QR code, 50 (27%) through anonymous web links, and 8
(6%) were sent in through paper surveys. If respondents started a survey but did not
answer all questions, the data from the questions answered was used on that portion of
the analyses. To assess each of our four objectives, we examined response percentages
for each survey question. We also created cross-tabulations through Qualtrics to quantify
the effects of certain self-reported variables (e.g., familiarity with invasive plants) on
responses (e.g., reported motivations and personal responsibility regarding management
of invasive plants).
Results
Demographics
Of survey respondents, there were roughly an equal number of male and female
respondents. Race demographics showed most respondents were Caucasian. The most
common annual gross income level was <$49,999. Most respondents were employed.

The highest percent of respondents had a bachelor’s degree. The most common age range
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of trail users was 35-44. The most common community that trail users spent their
childhood in was a city with 5,000-30,000 people (Table 2.1).
Reasons to visit the Clemson Experimental Forest

Many trail users reported multiple reasons for visiting the CEF with the most
common being exercise, enjoying scenery and aesthetics, and enhancing mental health.
Fewer trail users identified spending time with friends and family, observing wildlife, and
spiritual benefits as their main reasons for visiting the CEF trails (Table 2.2). Many trail
users (20%) also visited other forests or wooded recreational areas, presumably for
similar reasons. The most popular times of year trail users visited the CEF were fall and
spring, with more than three-quarters selecting these two seasons as their primary times
for visiting. Most trail users were visiting the Lake Issaqueena area (40%) or Fants Grove
(19%) at the time of taking the survey.
Ability to Correctly Identify Invasive Plants

Most forest users indicated they were at least a little familiar with invasive
species, with 11% reporting as ‘very familiar’. Still, more than a quarter felt they were
‘not familiar’ with invasive plants (Figure 2.2). Trail users who reported that they were
‘very familiar’ performed better on the identification section of the survey with 100% of
respondents able to identify M. vimineum, L. sinense, Triadica sebifera, and Hedera helix
as invasive and between 83% and 95% of respondents able to correctly identify the
remaining invasive species of L. japonica, Elaeagnus pungens, L. cuneata, and Albizia

julibrissin (Table 2.3).
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Higher education levels reported that they were ‘very familiar’ with invasive
plants, with recreationists that did not feel familiar with invasive plants having a wide
range of education levels (Table 2.4). There was no clear correlation between
recreationists’ education levels and their ability to correctly identify invasive plants
(Table 2.5).

The size of property owned and managed was positively correlated with the
ability of recreationists to correctly identify invasive species, with 100% of those that
manage 20 or more acres able to identify the known invasive species in the CEF (Figure
2.3).

How recreationists obtained information about invasive plants

Respondents obtained information about invasive plants from a variety of sources,
with the most common methods being through family, friends, and news media. Fewer
trail users obtained information directly from educational signs posted in the CEF or from
the Clemson Extension service, with the smallest percentage of people reporting a formal
classroom and social media as their primary means of obtaining information about
invasive plants (Figure 2.4). There was an overall trend towards the use of extension
services increasing the likelihood that recreationists could correctly identify invasive
plants. A classroom education was strongly linked to identifying more common invasive
plants found in the CEF (Table 2.6). Recreationists who reported that they were ‘very
familiar’ with invasive plants were more likely to have acquired their invasive plant

knowledge from the formal classroom, while those who indicated ‘familiar’ got their
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information primarily from extension services, and recreationist who reported a ‘little
familiar’ primarily obtained their information from family or friends (Table 2.7).

Recreationists that ‘Agree’ or ‘Strongly agree’ that they choose plants for their
property that are native were more likely to get their information on invasive plants from
the classroom, news media, or extension services. Recreationists that ‘Agree’ or
‘Strongly agree’ that they choose plants for their property to help increase native
diversity were more likely to get their information on invasive plants from extension
services. Recreationists that ‘Agree’ or ‘Strongly agree’ that they choose plants for their
property to attract wildlife species were more likely to get their information on invasive
plants from the classroom, extension services, from family and friends, social media, and
news media. Recreationist that either ‘Agree’ or ‘Strongly agree’ that they will not buy
plants that are classified as invasive plants in South Carolina were more likely to obtain
their information on invasive plants from the classroom, extension services, and friends
and family (Table 2.8).
Plant Purchase

Most of the recreationists obtained plants for their own home, with most believing
it was ‘Important’ to ‘“Very important’ for the plants purchased to be non-invasive, and
very few believing the invasiveness of the plant to be not important (Figure 2.5). Almost
half of the recreationists researched plants prior to purchase to determine whether the
plant is invasive, with a large portion reading labels to determine invasiveness (Figure
2.6). Most recreationists purchased plants for their property from “big box stores”, with

nearly a third choosing “local home and garden centers,” and the rest of the purchases
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being made from “other” or “online” (Figure 2.7). The most common place for home
plant purchase came from horticulture centers like Lowes, Walmart, and Home Depot.
Most recreationists that purchase plants for their home could identify the known invasive
species in the CEF, with slight identification weakness in E. pungens, A. julibrissin, and
L. cuneata (Table 2.9). Most recreationists that obtained plants for their homes also take
actions to prevent or control invasive plants on their property (Table 2.10) For
recreationists that obtained plants for their home, the area of land currently managed for
invasive plants most often was on average 0.5 to 1 acre in size, followed in size by zero
to 0.5 acres, one to five acres, five to twenty acres, and the smallest percentage owning
twenty acres or more (Figure 2.8).
Motivations and Responsibility for Prevention and Spread of Invasive Plants

Most recreationists, regardless of their familiarity with invasive species, ‘Agree’
or ‘Strongly agree’ in a personal responsibility to reduce the spread of invasive plants.
Recreationists that felt they were ‘Very familiar’ with invasive species have a much
stronger sense of self responsibility than those who were “Not familiar’ with invasive
species. Regardless of self-reported familiarity with invasive species, most recreationists
believed that it was Clemson University’s responsibility to reduce the spread of invasive
species (Table 2.11).

Most recreationists take actions to prevent the spread of invasive plants in the
CEF, with the highest percentage reporting the action taken as cleaning their shoes, their

recreational equipment, or their pets, while the smallest percentage reported cleaning
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their tires (Table 2.12). For the recreationists that use other actions to prevent the spread
of invasive plants in the CEF, they all reported pulling rogue plants as the action taken.

A vast majority of recreationists take action to prevent the spread of invasive
species in the CEF because they understood the impact invasive plants have on native
plants, they wanted to make a positive impact on the environment, or because they felt it
was the right thing to do. A smaller percentage of recreationists reported taking action to
prevent the spread of invasive species in the CEF because they thought it was easy to do,
they had read or heard about invasive impacts on native plants through media, extension,
or publication, or family and friends told them to do it. Still less were the recreationist
that take no action to prevent the spread of invasive plants in the CEF (Figure 2.9).

Recreationists that take no action did so primarily because they did not know
what actions to take (44%), did not know that they should take action (36%), did not
believe their actions impact the spread of invasive species in the CEF (9%), did not
believe invasive plants are an issue in the CEF (3%), believe it takes too much time (2%),
they sometimes forget (1%), or reported as other reason not specified (6%; Figure 2.10).
When responding to ‘Please explain’ under the ‘Other’ category, people said they did not
take action because “I’m on vacation” (1), “I’m running” (2), “I do not know if Clemson
cares if the plants are there or not” (1), and “not familiar enough with invasive plants”
D).

Most recreationists responded that they would like to learn more about invasives
because ‘I want to preserve the native habitats of the CEF for wildlife purposes,” ‘The

CEF is more aesthetically pleasing without invasive plants,” ‘Invasive plants are
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detrimental to native areas and wildlife,” ‘I want to find our more cost-effective ways to
manage invasive plants on my own property,” or ‘Other' (Figure 2.11). The most common
reason for recreationists not wanting to learn more about invasive species was their belief
that it takes too much time. The other common reasons were that they don’t plant
invasives, so they have no control over their spread, they do not believe their actions
impact the spread of invasive plants in the CEF, and they do not know where to go to
learn more about invasive species (Figure 2.12).

Discussion

The aim of our research was to understand the awareness and knowledge of
recreational trail users by looking at their current knowledge on known invasive plants in
the CEF, determine how they acquired their current knowledge, where their personal
plants are purchased, and investigate their motivations regarding the prevention and
management of invasive plants. Most people in the study could identify invasive species
found within the CEF, regardless of their reported familiarity or their education level.
Education on invasive plants most often came from friends and family, but also many
people gained awareness of invasive species through news media and signs posted in the
CEF.

Recreational trail users in the CEF had a strong sense of personal responsibility
towards the prevention of invasive plants, but also believed that Clemson University
shared a large part of the responsibility. These findings are not novel but support previous
research that demonstrates the need for a better understanding of human dimensions

(Andreu et al. 2009, Pejchar and Mooney 2009, Kapitza et al. 2019) and how they impact
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recreational user beliefs and actions, as this may be important to preventing invasive
plant transport, establishment, and spread (McLeod et al. 2015). Our research also asked
questions about invasive plants that allowed us to gain additional insight to role of
recreationists and their beliefs concerning invasive plant species that may help channel
future research in the social dynamics of invasion ecology.

Nearly three-fourths of recreational users primarily visit the CEF in the fall and
spring. About 20% of recreational users also visited other forests or wooded recreational
areas. Many of the invasive plants found in the CEF and surrounding forests and wooded
recreational areas are in peak seed production or vegetative growth during the spring and
fall (Judge et al. 2005, Hidayati et al. 2000, Urbatsch and Skinner 2000, Ervin et al.
2019). Recreational trail users frequently move invasive species from trailheads along
trail edges deeper into the forest, but also between trailheads of different recreational
areas, creating new satellite colonies (Pickering et al. 2007, Allen et al. 2009, Eagleston
and Marion 2018). Programs like Leave No Trace (LNT) aim to reduce recreational
impacts (Leave No Trace 2022, Dolman and Marion 2022), however the success of
programs like LNT may rely on recreationists having the ability to correctly identify
invasive plant species and understand their morphological and physiological
characteristics. Many of the survey respondents reported taking actions in the CEF to
prevent invasive spread, which could lead to less movement of viable seeds and
propagules if recreation is a facilitating factor.

Most recreationist had a basic understanding of invasive species, and even those

who reported that their knowledge was not strong could still identify most plants as either
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invasive or native correctly. The most common methods for obtaining information for
those that indicated ‘least familiar’ was family, friends, and news media, and may imply
a significance to the passing of accurate information through these non-formal
educational pathways, which demonstrates the significance of social interaction in
combatting the spread of invasive plants (Clarke et al. 2021a). Extension services
increased both confidence in identification skills and actual identification abilities.
Extension services can contribute to an understanding and potentially lead to applied
practices that mitigate the introduction and spread of invasive species (Drew et al. 2010,
Posadas et al. 2021). Recreationists in the CEF that had been exposed to extension
services and formal classroom settings were more likely to not buy plants that are known
invasives in South Carolina.

Most recreationists in the CEF managed an acre or less of land for invasive
species (Figure 2.8). As property size increased, so did the ability to recognize the
invasive species, although those with 20 acres or more was only represented by 7% of
survey respondents and may not give a strong representation of ability to identify based
on property size managed (Figure 2.3), so future research should look for any connection
to property size and ability to identify invasive species. Future research should also
investigate land use patterns by property size. Family forests, large tracts of land owned
and managed by individual families, and agricultural lands, may be managed for profit,
giving the landowner greater incentive to manage for invasive plants that may reduce
financial gains. Smaller properties using ornamentals from the horticulture industry may

pose greater risks to invasive management, yet recreationists managing these smaller
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property sizes have less knowledge of invasive plants. Extension education traditionally
targeted property managers with larger tracts of land due to their land use and associated
degradation. More research should go into creating programming that targets individuals
managing smaller tracts of land, and how to best reach those property managers.

Ma et al. (2018) showed that a small portion of landowners have knowledge of
invasive species and only a small fraction actively manage for invasive species on their
property, with homeowners in urban and suburban areas having even less awareness of
invasive species issues. Barriers to invasive species management may hinge on the lack
of community cooperation and desire for autonomy (Ma et al. 2018). Education can
facilitate awareness, which can lead to increased perceptions of self-efficacy, and
ultimately environmental action (Story and Forsyth 2008). Integrating the social and
emotional perceptions of recreationists into education geared towards management of
invasive plants is an important factor in changing personal actions (Potgieter et al. 2019).
Public willingness to participate in the management of invasive species may be increased
by using an educational approach that incorporates user beliefs on their socio-economic
and ecological sustainability (Bardsley and Edwards-Jones 2006).

Most recreationists in the CEF purchase plants for their personal properties in ‘big
box” stores. Majority of these respondents believed that the plants purchased should be
non-invasive, and almost half attempting to determine the invasiveness of plants prior to
purchase through personal research or labels. As invasive species pass barriers to
introduction and establishment, the costs associated with their ecosystem degradation,

eradication, and control grow exponentially (Jari¢ and Cvijanovi¢ 2012, Fletcher et al.
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2015, Zenni et al. 2021). The horticulture industry is a vector of invasion (Reichard and
White 2001, Drew et al. 2010), with minimal regulation and cultivars of known invasives
being introduced at an alarming rate (Drew et al. 2010). The invasive species found in the
CEF that recreationists had the hardest time identifying as invasive were those most often
sold in garden centers as ornamentals or shrubs. People can also become habituated to the
presence of common invasive species sold through ornamental horticultural practices in a
way that they may no longer have the emotional reaction needed to combat their spread

in natural systems (Kalnicky et al. 2014).

Programs aimed at removing invasive species introduced by the horticulture
industry are reactive and costly and may be a last-ditch effort to stop ecosystem
degradation by established invasive species (Clemson Cooperative Extension; US
Forestry Commission 2022, NC State Extension 2022). With approximately one-third of
recreationists in the CEF reading labels to determine the invasiveness of a plant,
regulations on the horticulture industry aimed at providing accurate information on
known invasive qualities of species being sold to the public may slow the spread of
invasives and promote a culture within the horticultural industry of selling plants that are
not known for their invasive characteristics. Recreationists using the CEF seem to have a
strong desire to prevent the use and spread of known invasive species, therefor, education
and policy regulation that target the horticulture industry may be an effective means at
reducing invasive species introductions (Oele et al. 2015, Hulme et al. 2018).

The horticulture industry has an incomparable contribution to the spread of invasive

plants through intentional cultivars and ornamental plants (Mack 1991, Mack and
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Erneberg 2002, Drew et al 2010). Our research demonstrates that most recreational users
in the CEF frequent big box stores for their plant purchases. Big box stores contribute to
the mass sale of cultivated and ornamental plants to property owners (Miller 2001). A
lack of knowledge about the possible invasiveness of big box store plants sold by
inexperienced sales floor personnel, or purchased by self-service clientele, intensifies
invasive potential (Drew et al. 2010). Currently around the United States, legislation is
being passed that bans the sell, import, or planting of invasive species, but to date there
has been limited stakeholder support (Barbier et al. 2013, Hulme et al. 2018). Public
pressure has been a driving force behind many policy changes. Creating effective
educational programs that increase public support of policies that prevent the spread of
invasives could help curtail the unchecked sale of existing invasives and new cultivars in
the horticulture industry that may have disastrous ecological impacts to native
ecosystems. Surveys that look at the emotional forces behind the purchase choices of
landowners may shed light on effective educational strategies to drive ecologically
conscious choices for future plant purchases.

Minorities may struggle to have a sense of place where they have traditionally felt
excluded. Our research targeted recreationists in the CEF, which typically sees hikers,
mountain bikers, and horseback riders, in areas of dense vegetation. Clemson University
demographics are like those in the overall state of South Carolina, which may mean that
the recreational activities typically sought after in the CEF may not be the type of
activities that minorities seek. This means a lost chance of understanding minority values

and beliefs concerning native ecosystems and plant invasions in the Clemson area. Many
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educational approaches use a binary system of good versus evil to educate and
perpetuates xenophobic expression rather than ethical decision-making (Maggiulli 2022)
Looking at educational programming that targets minorities at a grade school level and
helps foster a sense of place may encourage future generations to feel safer in areas like
the CEF. Changing policies to create a sense of inclusion may help facilitate feeling of
acceptance for minorities within recreational areas. Future research should look at
questionnaires that target minority communities to get a better understanding of the
current barriers preventing them from utilizing forested lands, what type of educational
methods may facilitate increased feelings of safety with use of forested lands. Research
looking at urban recreation preferences (Yoon and Lee 2019) and recreation motivation
and preference for minorities (Whiting et al. 2017) help increase our understanding of
recreational behaviors. Black family forest owners may have a greater understanding of
the ecological need to protect the forests, but many do not have the same level of forestry
knowledge (Schelhas et al. 2017, Schelhas et al. 2021), but there is little research on the
beliefs and values of minorities on the topic of invasive species and ecosystem
degradation. Future research should find a way to target minorities, possibly in urban
settings, with questionnaires that help gain a better understanding of their beliefs on
invasive species to facilitate the creation of programs targeted at minorities to help
increase their knowledge on recreational dispersal and purchasing impacts in invasion

ecology.
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Study Limitations

Our research was done in Clemson University managed land, where the
demographics are not necessarily representative of the general population. There was a
large percentage of recreationists with a higher-education degree. Clemson University is
also a land-grant institution that focuses on scientific research, which may lend to a larger
portion of those recreating in the CEF to have a better understanding of ecological
benefits of native ecosystems. Performing this same type of research study, questioning
recreationists that use public forest lands in areas not surrounding a land-grant research
institution, may yield results more indicative of the general public.

One issue with the data surrounding the ability for survey-respondents to
accurately identify species as invasive or native was the use of common names for many
of the species in association with the image on the survey. Common names could have
cultural designations attached, leading to response bias if the name listed another country
or region, even if the country listed in the common name was not where the species
originated.

For some survey questions on responsibility, there may be response bias from
people who perceive themselves as doing the right thing regarding invasives, or report
themselves as such because of social pressure (Randall and Fernandes 1991).

The recreationists in the CEF were not representative of race demographics for
the general population of South Carolina. Of those recreating in the CEF, 95% reported
as Caucasian, but the 2021 government census shows that 15% of respondents in

Clemson South Carolina are minorities (Table 2.13). The demographics for Clemson

69



University are more reflective of the overall population of South Carolina (College
Factual 2023; Table 2.14).
Conclusion

Humans are an influential force in the transport, and management of, of invasive
species around the globe (Pimentel et al. 2005, Qian and Ricklefs 2006, Montagnani et al.
2022). Often, invasion is the unintended consequences of human actions, but the impacts
are no less devastating to the ecological health of native ecosystems (Stinson et al. 2006,
Adams and Engelhardt 2009, Aguilera et al. 2010, Vila et al. 2011), and human mental
and physical wellbeing (MacKerron and Mourato 2009, Donovan et al. 2013, Hartig et al
2014, Marselle et al. 2019, Shackleton et al. 2019a, de Vries and Snep 2019). These
results provide insight into the beliefs, and actions, or recreationists living in and around
Clemson University regarding non-native plant invasion. However, these results are not
reflective of the broader population in the surrounding areas of upstate South Carolina.

Reaching a more inclusive demographic will give greater insight to the beliefs of
those from all socio-economic statuses and cultural beliefs. Education increases the
likelihood that recreationists will have the ability to identify invasives, which can
influence environmental actions and potentially change social norms. So much of what
we learn comes from social interaction and having strong foundational education in the
form of public outreach through extension programs and other educational resources will

help increase accurate information being disseminated throughout our communities.
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Table 1.1 Participation by activity within National Forests based on survey by the U.S.
Forest Service for fiscal year 2014 through fiscal year 2018.

Activity % Participated
Camping 10.9
Viewing Wildlife 28.2
Viewing Natural Features 44.5
Relaxing, escaping heat or noise 31.7
Motorized Trail Activity 2.9
Fishing/Hunting/Foraging 17.7
Hiking/Walking 46.7
Backpacking 1.8
Horseback Riding 0.7
Bicycling 5.3
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Table 1.2 NOAA average monthly temperature and precipitation for Clemson in Pickens
and Anderson County SC, between 1991 and 2020.

Month Max Temp (°C) | Min Temp (°C) | Avg Temp (°C) Precipitation

(cm)
January 11.06 0.88 5.94 11.45
February 13.17 2.38 1.77 10.56
March 17.72 5.83 11.77 11.86
April 22.22 9.88 16.05 9.6
May 26.11 14.72 20.44 8.86
June 29.61 18.88 24.27 11.17
July 31.50 21.05 26.27 9.27
August 30.72 20.44 25.55 12.47
September 27.77 17.50 22.66 9.34
October 22.39 11.00 16.72 9.14
November 16.83 5.44 11.11 9.24
December 12.11 2.33 7.22 11.43
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Table 1.3 Tree species by forest-type within the Clemson Experimental Forest in Clemson,

South Carolina.

Planted Pine

Upland Hardwood

Pine-hardwood

Cove Hardwood

Pinus taeda
Pinus echinata

Natural Pine

Pinus elliottii
Pinus strobus
Pinus pungens
Pinus virginiana

Quercus falcata
Quercus alba
Quercus stellata
Quercus rubra
Quercus montana
Quercus coccinea
Carya ovata
Carya tomentosa
Carya glabra
Nyssa sylvatica
Liquidambar
styraciflua
Liriodendron
tulipifera

Acer rubrum
Ulmus spp
Fraxinus spp.
Oxydendrum
arboreum

Sassafras albidum

Pinus elliottii
Pinus strobus
Pinus pungens
Pinus virginiana
Pinus taeda
Pinus echinata
Quercus falcata
Quercus alba
Quercus stellata
Quercus rubra

Quercus montana

Quercus coccinea
Carya ovata
Carya tomentosa
Carya glabra

Nyssa sylvatica
Liquidambar
styraciflua
Liriodendron
tulipifera

Acer rubrum
Ulmus spp
Fraxinus spp.
Oxydendrum
arboreum
Sassafras albidum

Tilia americana
Liriodendron tulipifera
Acer saccharum

Acer rubrum

Betula alleghaniensis
Fagus grandifolia
Fraxinus americana
Magnolia macrophylla
Carya cordiformis
Tsuga canadensis

Halesia carolina

Cersis canadensis
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Table 2.1 Self-reported demographic Information for the Clemson Experimental
Forest in Anderson and Oconee County, South Carolina

Race Percent Reporting Frequency
Caucasian 95.35% 123
Asian 3.10% 4
Alaskan Native 0.78% 1
Black 0.00% 0
Native American 0.78% 1
Gender

Male 46.88% 60
Female 51.66% 66
Non-binary/Gender Fluid 0.78% 1
Prefer not to say 0.78% 1
Age Range

18-24 22.66% 29
25-34 21.88% 28
35-44 24.22% 31
45 - 54 19.53% 25
> 55 11.72% 15
Gross Income

< $49,999 32.28% 41
$50,000 - 99,999 31.50% 40
$100,000 - 149,999 14.17% 18
$150,000 - 199,999 7.09% 9
$200,000 - 249,999 1.57% 2
> $250,000 2.36% 3
Prefer not to answer 11.02% 14
Employment Status

Employed 51.56% 66
Self-employed 7.03% 9
Retired 7.81% 10
Full-time Student 28.13% 36
Unemployed 5.47% 7
Education Level

Less than high school or GED 0.76% 1
High school or GED 8.40% 11
Technical or Trade 2.29% 3
Some college (no degree) 14.50% 19
Associates 6.87% 9
Bachelors 22.14% 44
Masters 22.14% 29
Doctorate 9.92% 13
Other Terminal Degree 1.53% 2
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Table 2.2 Recreationist’s reasons for visiting the Clemson
Experimental Forest in Clemson, South Carolina.

Reason for visit

# Reporting of 186

Scenery/aesthetics 139 (77%)
Observe wildlife 78 (42%)
Spiritual benefit 56 (31%)
Spend time with family or friends 81 (45%)

Enhance mental health

101 (56%)

Exercise

151 (83%)

Forage for food 7 (4%)
To find a sense of place 43 (24%)
Other 29 (16%)
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Table 2.3 Cross-tabulation showing the relationship between survey participants’ ability to
correctly identify invasive plants and their self-reported familiarity with invasive plants on
a 4-point Likert scale.

3 C
8| E =

= < .
El s & =
— = e -
2 <l &1 S

Invasive Species % correctly identified

M. vimineum 80.0| 95.7| 96.6 | 100.0
L. sinense 88.9| 93.0| 96.6| 100.0
L. japonica 63.2| 86.4| 89.7| 947
E. pungens 50.0| 48.7| 75.0| 88.9
T. sebifera 83.3|] 84.2| 86.2| 100.0
H. helix 72.7| 76.0| 92.9] 100.0
L. cuneata 579 595| 615| 938
A. julibrissin 50.0| 415| 75.0] 833
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Table 2.4 Cross-tabulation showing the relationship between survey participants® self-
reported education level and their self-reported familiarity with invasive plants on a four-

point Likert scale.

5 S
5| 22| & =
= E = e P
£ 28l 8| 8
% of each self-reported education
Education level
Less than high school or GED 0.0 0.0 3.6 0.0
High school or GED 10.3 9.6 7.1 5.3
Technical, trade, or vocational program 6.9 0.0 3.6 0.0
Some college (no degree) 17.2 17.3 17.9 0.0
Associates degree (2-year degree) 6.9 9.6 0.0 10.5
Bachelor's degree (4-year degree) 31.0 32.7 32.1 47.4
Masters (M.S., M.A., M.B.A)) 24.1 21.2 25.0 21.1
Doctorate (J.D., Ph.D.) 6.9 7.7 17.9 10.5
Other terminal degree (e.g. M.F.A.) 0.0 1.9 0.0 5.3
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Table 2.5 Cross-tabulation showing the relationship between survey participants’ self-

reported education level and their correct identification of known invasive plants.
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I = %] < o] p= a ©)]

Invasive Species % of each self-reported education level
M. vimineum 875| 50.0| 929 100.0| 88.9] 100.0| 92.3| 100.0
L. sinense 87.5| 100.0| 929| 857| 935]| 100.0| 84.6| 100.0
L. japonica 75.0| 100.0| 78.6| 100.0| 78.1| 87.0| 76.9| 100.0
E. pungens 83.3] 1000| 714| 600| 576| 66.7| 385| 50.0
T. sebifera 100.0 | 100.0| 78.6| 80.0| 82.8| 86.4| 100.0| 100.0
H. helix 66.7 | 100.0| 58.3| 100.0| 75.7| 100.0| 84.6| 100.0
L. cuneata 75.0| 100.0| 833| 40.0| 688| 63.2| 455 0.0
A. julibrissin 62.5| 100.0| 66.7]| 50.0| 514| 57.1| 66.7| 100.0
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Table 2.6 Cross-tabulation showing the relationship between survey participants® self-
reported source of invasive plant knowledge and their ability to correctly identify invasive
species.
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Invasive Species % able to identify by knowledge source

M. vimineum 92.3 97.4 97.1 96.7 97.8 100
L. sinense 86.4 97.3 97.1 96.3 93.2 96.9
L. japonica 84 89.2 94.3 89.3 88.1 93.5
E. pungens 52.4 62.2 78.8 61.5 61.5 60
T. sebifera 77.3 82.9 90.6 88.9 89.2 86.7
H. helix 77.8 85 914 92.9 91.3 80
L. cuneata 57.9 67.7 67.7 76 63.9 65.4
A. julibrissin 45.5 52.6 64.7 76.9 52.4 51.6
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Table 2.7 Cross-tabulation showing the relationship between survey participants® self-
reported familiarity and their self-reported invasive plant information source on a three-
point Likert scale.

Level of Familiarity
Information Source A little Familiar Familiar Very Familiar
Social Media 31.1 18.8 21.1
News Media 42.6 43.8 26.3
Extension Service 24.6 53.1 36.8
Classroom 19.7 344 52.6
Family or friends 50.8 40.6 42.1
Signs in the CEF 44.3 31.3 21.1
Other 3.3 28.1 36.8
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Table 2.8 Cross-tabulation showing the relationship between where survey respondents
acquired their invasive plant knowledge and survey participants' self-reported plant
purchase motivation on a five-point Likert scale.

8 X i
© 8
et | 2| 8| 5| & ¢S
£ £ @ S b £
= 2| 8| 2| 2| °
[«5) c s —_— [%2]
3 z S © = 5
> [+ " —_—
L LL [9p]
% of each self-reported invasive knowledge source
Strongly Disagree 0.0 0.0 0.0 0.0 0.0 0.0
for my
Neutral 26.3 26.9 19.2 6.7 29.4 36.0
property that
are native Agree 42.1 53.8 50.0 60.0 47.1 48.0
Strongly Agree 31.6 19.2 26.9 33.3 23.5 16.0
Strongly Disagree 0.0 0.0 0.0 0.0 0.0 0.0
I choose plants .
for my Disagree 0.0 7.7 0.0 6.7 8.8 8.0
property that 1 o yra) 421 26.9 23.1 20.0 26.5 48.0
help increase
native Agree 26.3 46.2 50.0 46.7 41.2 28.0
diversity
Strongly Agree 31.6 19.2 26.9 26.7 23.5 16.0
Strongly Disagree 0.0 0.0 0.0 0.0 0.0 0.0
I choose plants | pjsagree 0.0 0.0 7.7 6.7 8.9 12.0
for my
property that Neutral 21.1 15.4 7.7 13.3 6.0 16.0
attract wildlife
species Agree 63.2 53.8 46.2 40.0 58.8 48.0
Strongly Agree 15.8 26.9 38.5 40.0 26.5 24.0
Strongly Disagree 0.0 0.0 0.0 0.0 0.0 4.0
I'willnotbuy | pisagree 0.0 7.7 0.0 6.7 2.9 12.0
plants that can
are classified Neutral 31.6 26.9 0.0 6.7 20.6 36.0
as invasive
plants Agree 26.3 30.8 34.6 40.0 38.2 24.0
Strongly Agree 42.1 34.6 57.7 46.7 38.2 24.0
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Table 2.9 Cross-tabulation showing the relationship between survey participants’ that self-
reported purchasing plants for their home and their ability to correctly identify eight
known invasive plants in the Clemson Experimental Forest.

% Purchase and can identify as
Invasive Species invasive
M. vimineum 91.9
L. sinense 92.8
L. japonica 84.7
E. pungens 56.7
T. sebifera 86.2
H. helix 83.8
L. cuneata 65.1
A. julibrissin 62.9
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Table 2.10 Cross-tabulation showing the relationship between survey respondents self-
reported action to prevent invasive plants on their property on a two-point Likert scale and
survey respondents self-reported home plant purchases on a two-point Likert scale

Purchase Plants
for Home
Yes No
Prevent Yes 78.0 438
Invasives
Plants on
Property No 22.0 56.3
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Table 2.11 Cross-tabulation showing the relationship between survey respondents self-
reported beliefs of responsibility for invasive plant spread on a four-point Likert scale and
survey participants' self-reported level of familiarity with invasive plants on a four-point
Likert scale.

& 3
E|ES| £ | E
$ - E S L
< © 4+ >
e LL LL s
pd >
Strongly
L Disagree 6.3 1.7 3.3 0
| believe it is my _
responsibility to | Disagree 281 | 207 | 13.3 5.3
reduce the spread A
of invasive plants gree 56.3 | 621 | 46.7 | 36.8
Strongly Agree | 94 | 155 | 36.7 | 57.9
. Strongly
Ibelieveitis | pisagree 0 17 0 0
Clemson )
University's Disagree 6.3 3.4 3.4 0
responsibility to A
reduce the spread | ~9"¢€ 688 | 603 | 552 | 16.7
of invasive plants
P Strongly Agree | o5 | 345 | 414 | 83.3
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Table 2.12 Survey respondents self-reported actions taken to prevent the spread of invasive
species in the Clemson Experimental Forest.

Action taken % who take action
Clean my shoes 58.8
Clean my pets 23.5
Clean my tires 8.8
Clean my recreational equipment 35.3
| do not take action 8.8
Other 23.5
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Table 2.13 Survey demographics from the Clemson Experimental Forest compared to
demographics from the 2021 United States Census.

Race Survey Respondents Clemson (Census)
Caucasian 95.4% 82.3%
Asian 3.1% 8.0%
Alaskan Native 0.8% 0.0%
Black 0.0% 6.8%
Native American 0.8% 0.0%
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Table 2.14 College Factual demographics for Clemson University in Clemson, South
Carolina.

Race Percent Reporting | Frequency
Caucasian 81% 20196
Asian 3% 666
Alaskan Native 0% 0
Black 6% 1609
Native American 0% 0
International 5% 1295
Multi-ethnic 4% 950
Unknown 1% 169
Native Hawaiian 0% 19
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Figure 1.1 South Carolina map with coordinates of Clemson University.
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Figure 2.2 Map overview of the four recreational areas within the Clemson Experimental Forest in
Pickens and Anderson Counties in upstate South Carolina.
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Figure 3 1.3 Fourteen trailheads within the Clemson Experimental Forest that met specified criteria. Inset
image shows the placement of research plots at interval distances of 5, 5, 10, 25, and 50 meters from
trailhead and 0, 2, 4, and 12 meters from trail edge.
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Figure 4 1.4 Experimental design of transect and plot layout for assessing the relationship between distance to trailhead and trail edge for
invasive plants.
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Figure 5 1.5 Species of concern quantified along transects at Clemson Experimental Forest trailheads and trail edges; a) Microstegium
vimineum (Trin.) photo by Chuck Bargeron, University of Georgia, Bugwood.org; b) Ligustrum sinense (Lour.) photo by Karen A. Rawlins,
University of Georgia, Bugwood.org; c) Lespedeza cuneata (Dum-Cours) G. Don.) photo by Katherine Russell, Bugwood.org; and d) Lonicera
japonica (Thunb.) photo by Chuck Bargeron, University of Georgia, Bugwood.org.
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SPHERICAL DENSIOMETER Model-C

{ 8 m !
¢ An instrument for measuring forest overstory density)

Instructions
Hold instrument level, 12" - 18" in front of body and at
elbow height, so that operator’s head is just outside of grid
area
g ssure four equi-spaced dots in each square of the grid
2 /siematically count dots equivalent to Quarter-square
arv { mmgs
2N +ly the total count by 1.04 to obtain percent of
«: -3 area not occupied by canopy. The difference
£lween this and 100 is an estimation overstory density
0t (Assuming each dot to represent one percent is
~'1en accurate enough.)
. Aake four readings per location - facing North, East,

a
Q 1l and Viaes
Ut and West - record and average

Figure 6 1.6 Image demonstrating light availability using a spherical densitometer at one of the fourteen
trailheads within the Clemson Experimental Forest
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Figure 7 1.7 The percent cover of M. vimineum, L. sinense, L. cuneata, and L. japonica as distance from trailhead increases in the Clemson

Experimental Forest.
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Figure 8 1.8 The average percent cover of M. vimineum, L. sinense, L. cuneata, and L. japonica as distance from trail edge increases in the

Clemson Experimental Forest.
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Figure 9 1.9 The average percent cover of M. vimineum, L. sinense, L. cuneata, and L. japonica in relation to percent litter cover in the
Clemson Experimental Forest.
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Figure 10 1.10 The average percent cover of M. vimineum, L. sinense, L. cuneata, and L. japonica in relation to percent canopy cover in the
Clemson Experimental Forest.
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Figure 11 2.1 Recreational survey placements at eleven trailheads in Fants Grove in the southern Clemson Experimental Forest and fourteen
trail heads along Issaqueena trail and Todds Creek in the northern Clemson Experimental Forest.
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Figure 12 2.2 Self-reported level of familiarity with invasive plants in the Clemson Experimental Forest in Anderson and Oconee counties in
South Carolina.
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Figure 13 2.3 Self-reported property size managed by recreationists in the CEF compared to their ability to accurately identify eight invasive
species found in the Clemson Experimental Forest.
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Figure 14 2.4 Self-reported source of information on invasive plants.
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Figure 15 2.5 Self-reported breakdown to the query, “If you purchase plants to plant on your own property, how important is it that they are
not classified as invasive?”
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Figure 16 2.6 Self-reported most often used method for determining plants are invasive prior to purchase.
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Figure 17 2.7 Self-reported most often used place of purchase for plants used on managed properties, with big box stores listed as, “Lowes,
Home Depot, Walmart, and Tractor Supply,” and “Other” being reported as, “Native plant sales,” and “Clemson Botanical Gardens.”
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Figure 18 2.8 Self-reported size of property managed for invasive plants by recreationist that obtain plants for their home.
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Figure 19 2.9 Self-reported reasons for taking action to prevent the spread of invasive plants in the Clemson Experimental Forest.
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Figure 20 2.10 Self-reported reasons for not taking actions to prevent the spread of invasive plants in the Clemson Experimental Forest.
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Figure 21 2.11 Self-reported reasons for recreationists wanting to learn more about invasive plants.
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Figure 22 2.12 Self-reported reasons for not wanting to learn more about invasive plants.
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Survey Tool

Recreationists’ perceptions and actions towards
invasive plants in the Clemson Experimental Forest

Survey Purpose: This survey is part of a research project conducted by the Department of Forestry and
Environmental Conservation at Clemson University. The purpose of this survey is to better understand
recreationists’ knowledge about invasive plants, their perceptions towards invasive plant control, their
recreational activities within the Clemson Experimental Forest (CEF), and the amount of invasive plant
management they have done in the past or are willing to do in the future. All responses will remain anonymous.
This survey should take approximately 14 minutes to complete.
Your visit to the Clemson Experimental Forest: In this section of the survey, we want to know about your
time in the CEF. We are looking at the reasons and time of year for forest use, and which areas of the Clemson
Experimental Forest are being used most.
1. Why are you visiting the CEF today? (Check all that apply)

To enjoy the scenery/aesthetics

To observe wildlife

For spiritual benefits

To spend time with family or friends

To enhance mental health (example to clear my head)

To exercise

To forage for food (example mushrooms, herbs etc.)

To find a sense of place

Other, please specify
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2. Please rank the following in order of months when you visit the CEF (1 = most often and 4 = least often).
Spring (March - May)
Summer (June - August)
Fall (September - November)
Winter (December - February)

3. Do you visit other forests or wooded recreational areas?
Yes, please specify
No

4.  Please select the area(s) of the CEF that you visit. If this is your first visit to the Clemson Experimental
Forest, please check the area you are visiting today.

Lake Issaqueena
Todds Creek
Keowee Heights

Fants Grove

Knowledge and awareness of invasive plants: These survey questions look to quantify the level of knowledge
users of the CEF have about invasive plant species. For the purposes of this study, we define “invasive plants”
as plants from places outside of North America that are causing harm either economically or environmentally.
Please refer to this definition throughout the rest of the survey.

5. What is your level of familiarity with invasive plants? (Check one)
Not familiar
A little familiar

Familiar
Very familiar

Skip To: Q8 If What is your level of familiarity with invasive plants? (Check one) = Not familiar
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Q7 Where do you get information about invasive plants? (Check all that apply)
Social media (e.g. Facebook, Twitter, Instagram, etc.) (1)
News media (e.g. print, online, television, radio) (2)
Extension Service (e.g. workshops, podcasts, etc.) (3)
Classroom (4)
Family or friends (5)
Signs in the Clemson Experimental Forest (6)

Other, please specify (8)
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Q8 Which of these plants have you noticed in the Clemson Experimental Forest? (Check all that apply)

Which of these plants have you seen in the | Which of these plants
. Clemson Experimental Forest? is native or invasive?
Plant Species
Have not Do not know . .
Have seen . Native Invasive
seen this plant
A. rubrum
X
M. vimineum
X
L. sinense
X
L. japonica
X
Q. falcata
X
E. pungens
pung %
T. sebifera
X
C. canadensis
X
L. tulipifera
X
H. helix
X
L. cuneata
X
A. julibrissin
X
P. quinquefolia
X

Current and past actions related to invasive plant management: In this section of the survey, we aim to measure
your current and past actions in dealing with invasive species within the Clemson Experimental Forest.
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Q57 Do you take actions to prevent the spread of invasive plants in the Clemson Experimental Forest?
Yes (1)
No (2)

Skip To: Q11 If Do you take actions to prevent the spread of invasive plants in the Clemson Experimental Forest? = Yes

Skip To: Q12 If Do you take actions to prevent the spread of invasive plants in the Clemson Experimental Forest? = No

Display This Question:

If Do you take actions to prevent the spread of invasive plants in the Clemson Experimental Forest? = Yes

Q11 What actions have you taken to prevent the spread of invasive plants in the Clemson Experimental Forest?
(Check all that apply)

Clean my shoes (1)

Clean my pets (2)

Clean my tires (3)

Clean my recreational equipment (4)

I do not take action to prevent the spread of invasive species in the Clemson Experimental Forest (5)

Other, please explain (6)
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Q10 Why do you take action to prevent the spread of invasive plants in the Clemson Experimental Forest?
(Check all that apply)

I want to make a positive impact on the environment (1)

Itis easy todo (2)

It’s the right thing to do ethically (3)

My family or friends told me to do it (4)

I see other recreationists do it (5)

I understand the impact that invasive plants have on native plants (6)

I have read/heard about invasive plants and their impact on native plants (TV, Radio, Extension
class/publication, News article) (11)

I do not take any action to prevent the spread of invasive plants in the Clemson Experimental Forest (8)

Display This Question:

If Do you take actions to prevent the spread of invasive plants in the Clemson Experimental Forest? = No

Q12 Why do you NOT take action to prevent the spread of invasive plants in the Clemson Experimental Forest?
(Check all that apply)

I do not think that invasive plants are an issue in the Clemson Experimental Forest (1)

I do not believe that my actions impact the spread of invasive plants in the Clemson Experimental Forest

)
It takes too much time (3)
I sometimes forget (4)
I do not know that | should take action (5)
It costs too much (6)
I do not know what actions to take (7)

Other, please explain (8)
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Q63 Invasive plants in the Clemson Experimental Forestin this section, we aim to assess the beliefs and feelings
of individuals, and how those individuals perceive other users of the Clemson Experimental Forest.

Q13 How much do you agree with the following statements? (Scale = Strongly Disagree (1), Disagree (2),
Agree (3) Strongly Agree (4)).
I believe it is my responsibility to reduce the spread of invasive plants.
- Ibelieve it is Clemson University’s responsibility to reduce the spread of invasive plants.
- | believe recreationists and other users have a responsibility to reduce the spread of invasive plants.
- | believe that my actions can have a direct impact on the spread of invasive plants in the Clemson
Experimental Forest.
- | believe it is my responsibility to educate myself and others about invasive plants in the Clemson
Experimental Forest.
- | believe that invasive plants pose a real threat to the local ecosystems of the Clemson Experimental
Forest.
- | believe cleaning my gear and equipment will prevent the spread of invasive plants in the Clemson
Experimental Forest.
- I believe cleaning my pets will prevent the spread of invasive plants in the Clemson Experimental
Forest.

Q64 Invasive plants on your property: In this section, we aim to assess which, if any, actions you take
concerning invasive species on your own property and your motivations for your choices.

Q58 Do you take actions to prevent or control invasive plants on your property?
Yes (1)
No (2)

Skip To: Q46 If Do you take actions to prevent or control invasive plants on your property? = No

Display This Question:

If Do you take actions to prevent or control invasive plants on your property? = Yes
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Q14 What actions do you take to prevent or control invasive plants on your property? (Check all that apply)
I use chemical treatments (1)
I cut and pull invasive plants (2)
I use biological control tactics (e.g., using goat grazing to control invasive plants) (3)

Other, please specify (5)

Q18 What size is your property where you currently manage invasive plants?
0 acre - 1/2 acre (1)
1/2to 1 acre (2)
1 acreto 5 acres (3)
5 acres to 20 acres (4)
20 acres or more (5)

Q46 Do you obtain plants for your home?
Yes (1)
No (2)

Skip To: End of Block If Do you obtain plants for your home? = No

Display This Question:

If Do you obtain plants for your home? = Yes

Q15 If you purchase plants to plant on your property, how important is it that they are not classified as invasive
plants? (Check one)

Not important (1)

Of little importance (2)
Moderately important (4)
Important (5)

Very important (6)
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Q16 How do you determine that the plants you are purchasing for your property are known invasive plants for
your area? (Check one)

| research the plant prior to purchase (1)

| read the labels on the plant (2)

| took a class that taught me what plants are invasive to my area (3)

| do not determine this prior to purchasing plants for my property (4)

Other, please specify (5)

Q17 From where do you most often purchase your plants?
Local home and garden center, please specify (1)

Big box store (Lowe's, Home Depot, Walmart, Tractor Supply) (2)
Online (6)
Other, please specify (7)

Q19 How much do you agree with the following statements? (Choose Neutral if you do not purchase plants for
your property)(ScaIe = Strongly Disagree (1), Disagree (2), Neutral(3), Agree (4), Strongly Agree (5)).
| choose plants for my property that are native.

- I choose plants for my property that help increase native diversity.

- I choose plants for my property that attract wildlife species.

- I choose plants for my property that increase property value.

- I choose plants for my property that are aesthetically pleasing.

- l'will not buy plants that can are classified as invasive plants in South Carolina.

Q65 Future actions: In this section, we aim to identify which, if any, actions you will take in the future
regarding invasive plants control and education, and willingness to spread invasive plant information.
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Q20 How much do you agree with the following statements? (Scale = Strongly Disagree (1), Disagree (2),
Agree (3) Strongly Agree (4)).
I will further my education about invasive plants.
- l'will plant only native species on my own property to help reduce the spread of invasive plants.
- I will educate others about invasive plants and their spread to our local area and the Clemson
Experimental Forest.
- I will take measures to prevent the spread of invasive plants in the Clemson Experimental Forest.
-l 'will share information about invasive plants on my social media platforms.
- I believe my sharing of information through social media will influence others’ decisions about
buying and planting invasive plants.

Q66 Learning and education - Recreationists' motivations to learn moreln this section of the survey, we aim to
measure your interest in learning about invasive plants and why you feel this way.

Q59 Would you like to learn more about invasive plants?
Yes (1)
No (3)

Skip To: Q22 If Would you like to learn more about invasive plants? = No

Display This Question:

If Would you like to learn more about invasive plants? = Yes

Q21 1 would like to learn more about invasive plants because (Check all that apply)
I want to preserve the native habitats of the Clemson Experimental Forest for wildlife purposes (1)
The Clemson Experimental Forest is more aesthetically pleasing without invasive plants (2)
Invasive plants are detrimental to native areas and wildlife (3)
I want to find more cost effective ways to manage invasive plants on my own property (4)
I do not want to learn more about invasive plants (5)

Other, please specify (6)
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Q53 What type of educational delivery methods do you enjoy most? (Rank the following in order of preference
with 1 - most preferred and 7 as least preferred)

Indoor classroom instruction (1)

Outdoor, interactive, hands-on lessons (2)

Short educational videos (3-5 minutes long) (3)

Webinars (up to 60 minutes) (4)

Outdoor signs at trail heads (5)

Written media (6)

News (print and online) (7)

Display This Question:

If Would you like to learn more about invasive plants? = No

Q22 | would NOT like to learn more about invasive plants because (Check all that apply)
I do not think that invasive plants are an issue in the Clemson Experimental Forest (1)

I do not believe that my actions impact the spread of invasive plants in the Clemson Experimental Forest

)
I don’t know where to go to learn about invasive plants (3)
Learning about invasive plants takes too much time (4)
Learning about invasive plants costs too much money (5)

I don’t plant invasive plants so I have no control over their spread (6)

Other, please specify (7)

Q67 Demographics We ask that you complete the following questions to help us create a detailed understanding
of people that use the Clemson Experimental Forest. This information will help us inform future decision
making and educational efforts. All responses will be kept confidential and no identifiable information will be

linked to you or your responses.
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Q44 What is your gender?
Male (1)
Female (2)
Non-binary/Gender fluid (3)
Prefer not to answer (4)

Q45 What is your age?
18-24 (1)
25-34 (2)
35-44 (3)
45-54 (4)
55-64 (5)
65+ (6)

Q56 Do you identify as Hispanic or Latino?
Yes (1)
No (2)

Q46 What is your race? (Check all that apply)
African American/Black (1)
Alaska Native (2)
Asian (3)
Native American/American Indian (4)
Native Hawaiian or other Pacific Islander (5)
White/Caucasian (6)

Other, please specify (7)
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Q47 What is your household annual gross income level?
$0 - $49,999 (1)
$50,000 - $99,999 (2)
$100,000 - $149,999 (3)
$150,000 - $199,999 (4)
$200,000 - $249,999 (5)
Over $250,000 (6)
Prefer not to answer (7)

Q48 What is your employment status?
Employed (1)
Self-employed (2)
Retired (3)
Disabled (4)
Full-time student (5)
Currently unemployed (6)

Q49 What type of community(ies) did you spend your time living in between the ages of birth and eighteen?
(Check all that apply)

Rural farm or lived out of town (1)

Small town with up to 5,000 people (2)

City with between 5,000 and 30,000 people (3)
City with between 30,000 and 65,000 people (4)
City with between 65,000 and 100,000 people (5)

City with 100,000 people or more (6)

155



Q50 What is your highest level of education completed? (check one)
Less than high school or GED (1)
High school or GED (2)
Technical, trade, or vocational program (3)
Some college (no degree) (4)
Associates degree (2-year degree) (5)
Bachelor's degree (4-year degree) (6)
Masters (M.S., M.A., M.B.A)) (7)
Doctorate (J.D., Ph.D.) (8)

Other terminal degree (e.g. M.F.A.) (9)

Q51 If you received a degree(s), please specify the field(s) of study for each degree completed.

Q47 Would you like to be entered for a drawing for a $50 Visa gift card? There will be two winners picked
from those who complete the survey. Submit your email address for your chance to win!

Q52 Thank you for taking the time to complete our survey! Do you have any other comments you would like to
add?

156



157



What is your level of familiarity with invasive plants?

Not familiar A little familiar Familiar Very familiar Total

‘ Which of these plants is invasive or native? 23.0 52.0 30.0 19.0 124.0
Invasive 30.0% 8.3% 6.9% 0.0% 10.3%

A. rubrum i
Native* 70.0% 91.7% 93.1% 100.0% 89.7%
. Invasive* 80.0% 95.7% 96.6% 100.0% 93.9%

M. vimineum i
Native 20.0% 4.3% 3.4% 0.0% 6.1%
. Invasive* 88.9% 93.0% 96.6% 100.0% 94.4%

L. sinense i
Native 11.1% 7.0% 3.4% 0.0% 5.6%
. . Invasive* 63.2% 86.4% 89.7% 94.7% 84.7%

L. Japonica )
Native 36.8% 13.6% 10.3% 5.3% 15.3%
Invasive 26.3% 4.1% 3.3% 0.0% 6.9%

Q. falcata )
Native* 73.7% 95.9% 96.7% 100.0% 93.1%
Invasive* 50.0% 48.7% 75.0% 88.9% 63.1%

E. pungens ]
Native 50.0% 51.3% 25.0% 11.1% 36.9%
. Invasive* 83.3% 84.2% 86.2% 100.0% 87.3%

T. sebifera )
Native 16.7% 15.8% 13.8% 0.0% 12.7%
. Invasive 21.1% 9.8% 16.7% 10.5% 13.8%

C. canadensis )
Native* 78.9% 90.2% 83.3% 89.5% 86.2%
. Invasive 5.6% 8.2% 0.0% 5.6% 5.3%

L. tulipifera )
Native* 94.4% 91.8% 100.0% 94.4% 94.7%
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U helix Invasive* 72.7% 76.0% 92.9% 100.0% | 83.1%
' Native 27.3% 24.0% 7.1% 0.0% 16.9%
L cuneata Invasive* 57.9% 59.5% 61.5% 93.8% | 65.3%
' Native 42.1% 40.5% 38.5% 6.3% | 34.7%
A iulibrissin Invasive* 50.0% 41.5% 75.0% 83.3% | 58.9%
- Native 50.0% 58.5% 25.0% 16.7% | 41.1%
P. quinquefolia Invasive 50.0% 46.5% 17.2% 0.0% 32.1%
- quing Native* 50.0% 53.5% 82.8% 100.0% | 67.9%
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