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ARTICLE INFO ABSTRACT

Effectively managing invasive plants across forested landscapes requires voluntary control by 10.7 million family
forest owners (FFOs) who own 36% of forestlands in the USA. The literature on individual and collective invasive
plant management has focused on farmers, ranchers, urban gardeners and community residents, with less at-
tention on forestlands and the role of FFOs. By analyzing survey data from 1422 FFOs in Indiana, USA, we
provide a thorough assessment of their awareness, perceptions, behaviors and intentions towards invasive
plants; as well as their needs and challenges. In our study, FFOs reported moderate familiarity with, concern
about, and interest in invasive plant control on and around their properties. Despite a lack of confidence in their
ability to manage invasive plants, FFOs reported having taken actions on the ground, including inspecting their
woodlands, talking to their families and other landowners, and removing invasive plants, all without much input
from natural resource professionals. Most FFOs relied on self-directed learning and social networks for invasive
plant-related information and advice. They generally had little or no experience or interest in interacting with
natural resource professionals. This suggests a need for natural resource professionals to refocus their efforts on
developing communication strategies to target specific segments of FFOs, stronger online presence to facilitate
self-directed learning, and partnerships with non-profit organizations trusted by FFOs to encourage self-orga-
nization and sharing of information and resources. These results from Indiana provide important insights for
engaging FFOs to manage invasive plants more broadly.
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1. Introduction

Nearly half of the forests in the eastern United States are infested by
invasive plants (Oswalt et al., 2015). Invasive plants can displace native
plants; reduce wildlife habitat; decrease forest health, productivity and
resilience; and reduce the provisioning of various ecosystem services
such as water quality protection and recreation (Coyle et al., 2016; Fei,
Phillips, & Shouse, 2014; Paini et al., 2016; Pejchar & Mooney, 2009).
Several invasive plants such as garlic mustard (Alliaria petiolata) and
tree of heaven (Ailanthus altissima) can also alter soil composition,
making it difficult for other seedlings to grow (Peters & Meyer, 2006;
Simberloff, 2013). Previous research has focused primarily on the
ecological processes of nonnative plants including their reproduction,
dispersal, and invasion patterns (e.g., Catford, Jansson, & Nilsson,
2009; Richardson et al., 2000). Studies have also assessed the effec-
tiveness of various control (removal and prevention) strategies in
managing specific invasive plant species, mostly on federal and state-
owned land (e.g., Mangold & Sheley, 2008; Miller, Chambers, Pyke,
Pierson, & Williams, 2013).

* Corresponding author.

Despite an increase in ecological understanding and public aware-
ness about invasive plants (Burt et al., 2007), there is still limited un-
derstanding about the social dimensions of nonnative plant invasions
(Pejchar & Mooney, 2009; Simberloff, 2013), as evident from the fact
that less than 1% of journal articles published from 1980 to 2013 on
invasion biology and management examined human values, risk per-
ceptions, resource management behaviors, and the history of invasive
plant management (Estévez, Anderson, Pizarro, & Burgman, 2015). A
growing number of researchers have recognized that managing invasive
species is “as much a social issue, encompassing political and human
factors, as it is a scientific one” (Bremner & Park, 2007, p. 307; Kueffer,
2010; Reaser, 2001). As such, it becomes imperative to incorporate the
social sciences and humanities to analyze people’s conceptualization of
invasive versus native plants; their attitudes, values and practices as-
sociated with invasive plant management; and the politics and policies
underlining such management (Head, 2017). Indeed, in recent years an
increasing number of studies have incorporated theories and methods
from the social sciences and humanities to examine invasive plant
management in the United States and beyond (e.g., Epanchin-Niell
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et al., 2010; Ervin & Frisvold, 2016; Hershdorfer, Fernandez-Gimenez,
& Howery, 2007; Niemiec, Ardoin, Wharton, & Asner, 2016; Niemiec,
Asner, Brodrick, Gaertner, & Ardoin, 2018; Sullivan, York, An, Yabiku,
& Hall, 2017; Sullivan, York, White, Hall, & Yabiku, 2017; Yung,
Chandler, & Haverhals, 2015).

Specifically, private landowners have been the focus of many such
studies. This is because the success of invasive plant prevention and
control relies on not only actions of public resource managers, but
thousands of private individuals taking actions on their own properties.
Failing to engage private landowners will compromise the overall ef-
fectiveness of invasive plant management on a landscape scale.
Generally, previous landowner studies have highlighted the importance
of raising landowner awareness and communicating invasive plant-re-
lated information in a way that resonates with landowners and their
management objectives (Aslan et al., 2009; Fischer & Charnley, 2012;
Ma, Clarke, & Church, 2018; Niemiec, Pech, Norbury, & Byrom, 2017;
Niemiec, Ardoin, Wharton, & Brewer, 2017; Steele, Chandran, Grafton,
Huebner, & McGill, 2006; Steele, McGill, Chandran, Grafton, &
Huebner, 2008). Several studies show that landowners may have
widely different perceptions of invasion risks, ranging from a lack of
concern, to the belief that nonnative plants can be effectively con-
trolled, to the view that invasions have gotten out of control (Fischer &
Charnley, 2012; Yung et al., 2015). Many previous studies have also
highlighted a need for locally adapted programs that provide education,
technical assistance, and financial incentives to encourage invasive
plant management by private landowners (e.g., Epanchin-Niell et al.,
2010; Graham, 2013; Hershdorfer et al., 2007; Howle, Straka, &
Nespeca, 2010; Larson et al., 2011).

More recently, there has been increased effort to understand land-
owners’ interest and ability to engage in collective and/or cooperative
management of invasive plants beyond individual property boundaries
(e.g., Epanchin-Niell et al., 2010; Graham, 2013; Graham & Rogers,
2017; Marshall, Coleman, Sindel, Reeve, & Berney, 2016; Niemiec
et al., 2016; Niemiec, Pech, et al., 2017; Niemiec, Ardoin, et al., 2017;
Sullivan, York, An, et al., 2017; Sullivan, York, White, et al., 2017; Yung
et al., 2015). Collective, and/or cooperative, invasive plant manage-
ment tends to be more effective than individual, uncoordinated man-
agement (Epanchin-Niell & Wilen, 2015; Hershdorfer et al., 2007). So
far, research has suggested that landowners’ willingness to collectively
manage invasive species is influenced by their knowledge of invasive
species; access to relevant information; joint learning about the inter-
dependent social and ecological systems; as well as time, money, and
other resources they must contribute (Graham, 2013; Ravnborg &
Westermann, 2002). More importantly, their willingness to engage in
collective and/or cooperative management also depends on their re-
lationship with neighbors and a sense of community (Graham, 2013;
Graham & Rogers, 2017; Marshall et al., 2016), past management by
neighbors (Epanchin-Niell & Wilen, 2015; Hershdorfer et al., 2007;
Klepeis, Gill, & Chisholm, 2009; McKiernan, 2017; Yung et al., 2015),
and social norms and community reciprocity (Graham, 2013; Marshall
et al., 2016; Niemiec et al., 2016; Ravnborg & Westermann, 2002). In
government-organized cooperative weed management programs, the
level of trust landowners have towards government employees can be a
significant deciding factor in terms of landowners’ decision to partici-
pate (Graham, 2013).

The aforementioned literature provides important insights into in-
dividual and collective invasive plant management on private lands;
however, the majority of studies have focused on farmers, ranchers,
urban gardeners, and community residents (Head, 2017). Few studies
have investigated invasive plant management specific to forestlands,
particularly the role of family forest owners (FFOs) in the United States.
FFOs are an important group to study in the context of invasive plants
management in forest ecosystems in the United States because a sub-
stantial portion of American forests (36%) are owned by 10.7 million
FFOs, a subset of private forest landowners who are mostly forest-
owning individuals, families, and family partnerships (Butler et al.,
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2016a). Although each FFO is only responsible for their property, they
can have a strong cumulative influence on the outcome of invasive
plant control efforts at the landscape scale. FFOs opting not to control
invasive plants would allow their land to act as invader propagule
sources, increasing control costs for neighboring private and public
landowners (Daab & Flint, 2010; Epanchin-Niell et al., 2010;
Hershdorfer et al., 2007).

To date, only a handful of studies have examined FFOs’ awareness,
risk perceptions, and management intentions and behaviors regarding
invasive plants. For example, Howle et al. (2010) reported qualitative
results from focus groups with FFOs in South Carolina regarding how
they perceived Chinese privet (Ligustrum sinense) management, parti-
cularly the feasibility of herbicide control and treatment efficiency.
Steele et al. (2006 and 2008) both focused on FFOs in West Virginia and
found through their qualitative interviews and a mail survey that the
majority of FFOs were aware of invasive plant problems, among which
the majority had undertaken control measures. In a different study,
Fischer and Charnley (2012) also reported results from a mail survey
and qualitative interviews of FFOs in Oregon’s ponderosa pine zone.
Specifically, they show that being aware or concerned about invasive
plants and holding a wildlife or biodiversity ownership objective were
both important predictors of whether a FFO would control invasive
plants on her property. As such, there is a knowledge gap in under-
standing FFOs’ perceptions and actions regarding invasive plants, par-
ticularly in the Midwestern United States where no study of invasive
plant management on family forests have been conducted.

Beyond invasive plant management, substantially more research has
been conducted to identify factors influencing FFO behaviors and de-
cision making in other contexts such as timber harvesting, wildlife
habitat improvement, fire management, and participation in govern-
ment-sponsored assistance programs. Factors include landownership
characteristics such as acreage, landowner absentee status, length of
land tenure, landownership objectives, having a written forest man-
agement plan, and landowner past management activities (e.g., Fischer,
2011; Gill, Klepeis, & Chisholm, 2010; Joshi & Arano, 2009; Ma, Butler,
Kittredge, & Catanzaro, 2012; Silver, Leahy, Weiskittel, Noblet, &
Kittredge, 2015). Socio-demographic characteristics such as landowner
age, education, gender, income, occupation, and membership in a
landowner association or environmental organization have also been
found to influence FFO behaviors and decision making in some contexts
(e.g., Ma, Butler, et al., 2012; Joshi & Arano, 2009). Finally, while
knowledge and awareness is a precursor to taking actions, previous
research has also shown that knowledge transfer to landowners is not
sufficient to influence behavioral change (McLeod, Hine, Please, &
Driver, 2015), and that other psychological, cognitive, social, eco-
nomic, and institutional factors also play important roles such as en-
vironmental values (Farmer, Meretsky, Knapp, Chancellor, & Fischer,
2015), social norms (Karppinen & Berghill, 2015), community struc-
ture and diversity (Paveglio, Jakes, Carroll, & Williams, 2009), and
having access to financial and technical assistance (Kilgore et al., 2015).

We draw upon findings from these studies that examined FFO be-
haviors, intentions and attitudes in a wide range of contexts to examine
whether they are also instructive in helping to understand FFO per-
ceptions and actions relative to invasive forest plants. With a focus on
FFOs in Indiana, our study asks the following questions: (1) To what
extent are FFOs aware of and concerned about invasive forest plants,
including herbaceous plants, shrubs and trees? (2) What actions have
FFOs taken to prevent and control invasive forest plants on their for-
estlands? (3) What are the challenges and opportunities FFOs face re-
garding invasive forest plant management? This study is descriptive in
nature, designed to establish a foundational understanding of FFOs’
invasive plant-related awareness, risk perceptions, management inten-
tions and behaviors, providing a basis for generating hypotheses for
further quantitative investigations and for identifying gaps and tensions
for future in-depth qualitative inquiries (Grimes & Schulz, 2002). We
chose to conduct descriptive research in our study context because
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descriptive research “often illuminates knowledge that we might not
otherwise notice or even encounter” and creates opportunities for
producing “new knowledge about value systems or practices” that may
have not been identified previously (Knupfer & McLellan, 1996, p.
1197).

2. Methods
2.1. Study site

Indiana has approximately 4.9 million acres of forestlands, com-
prising 20% of the state’s land (Gormanson, 2014). Of this land base,
3.6 million acres are owned by FFOs and the average size of family-
owned forestlands that are 10+ acres in Indiana is 37.8 acres (15 ha)
(Butler et al., 2016b). Hardwoods are the dominant species in Indiana’s
forests, and oak/hickory forests are the most common, occupying 72%
of all forestlands (Gormanson, 2014). Within the state, several federal
and state programs are available to provide technical, cost-share, and
other financial assistance to help landowners improve wildlife habitat,
protect wetlands, protect soil and water quality, and establish con-
servation easements. Some of these programs also assist landowners
who want to control invasive plants, such as the Community and Urban
Forestry Assistance Grant program operated by Indiana Department of
Natural Resources and the Environmental Quality Incentives Program
administered by the USDA National Resources Conservation Service. In
addition, Indiana’s Classified Forest and Wildlands Program provides
landowners with a property tax reduction in exchange for developing
and following a professionally written management plan that en-
courages timber production, watershed protection, and wildlife habitat
management on private lands in Indiana.

2.2. Data collection and analysis

The data for this study were collected through a statewide mail
survey of FFOs across Indiana. To assemble a sampling frame for the
survey, we used statewide forest parcel data available through
IndianaMap (http://www.indianamap.org/) and property ownership
information from the Indiana Department of Local Government Finance
to identify the forested parcels with landowner information. After de-
leting industrial and organizational owners and other erroneous entries,
we obtained a list of 163,666 FFOs who own at least one acre (0.40 ha)
of forested property categorized as “woodland” or “classified forest” in
the state of Indiana as of 2014. Power calculations suggest that 2600
FFOs will allow us to capture small effect sizes with 80% power as-
suming a 5% significance level (Cohen, 1988). We then drew a random
sample of 2600 FFOs from this list, and administered a mail survey
following the Tailored Design Method (Dillman, Smyth, & Christian,
2014). Specifically, we sent out a pre-notification postcard, followed by
a survey package that contained a cover letter explaining the purpose of
our survey and inviting participation, a copy of the survey ques-
tionnaire, a pre-addressed, pre-stamped return envelope, and a $2 bill
as a token of appreciation. We followed up with a reminder postcard
and two more mailings of the survey package without additional $2
bills. The survey was administered from November to December 2015.
Of the 2600 initial FFOs contacted, 112 had inaccurate or unreachable
addresses and 64 were deceased or no longer owning woodland, re-
ducing the actual sample size to 2424. Among these 2424 FFOs, 1422
completed the survey questionnaire, representing a response rate of
58.7%.

The questionnaire was informed by 23 face-to-face, semi-structured
interviews with selected forestry professionals and FFOs in Indiana
between February and May of 2015. The questionnaire contained 43
binary, Likert-scale, and multiple choice questions covering: (1) general
characteristics of the woodlands owned by respondents, (2) their fa-
miliarity with invasive plants in general, on their properties, and on
nearby woodlands, (3) previous invasive forest plant management
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actions and likelihood to take actions in the future, (4) perceived needs
and opportunities for invasive plant management in Indiana, and (5)
demographic characteristics of the respondents. We also provided a
definition of invasive plants on the cover of the survey questionnaire to
ensure a shared understanding of the concept. The study was approved
by Purdue University’s Institutional Review Board.

Potential non-response bias was examined. As a proxy for detecting
differences between respondents and non-respondents, we compared
responses from early (first 10%) and late (last 10%) survey respondents
(Armstrong & Overton, 1977) with respect to respondents’ demographic
characteristics, characteristics of their woodlands, familiarity and atti-
tudes towards invasive plants, and their past management actions. No
statistically significant differences (p < 0.05) were detected. Univariate
descriptive statistics were computed for all variables to assess their
distributions and determine if any outliers existed. Bivariate relation-
ships were examined using the following tests: (1) Pearson Chi-square
test, which assesses whether two categorical variables of interest are
independent of each other; (2) Kruskal-Wallis H test, which is the
nonparametric alternative to the one-way ANOVA; and, (3) Fisher’s
exact test, which is used when one or more assumptions of performing a
chi-square test are violated. These statistical analyses were used to
understand the relationships between FFOs’ awareness, management
actions, concerns, needs and preferences and to identify similarities and
differences across FFO types. The software package used for the sta-
tistical analyses was Stata 12.0.

3. Results
3.1. Profile of respondents

As shown in Table 1, 63% of the respondents were at least 61 years
old. Seventy-nine percent of the respondents were male, almost half
were retired (49%), and 36% had a Bachelor’s or graduate degree. On
average, respondents reported that one percent of their annual house-
hold income was derived from their woodland. They also reported
owning woodlands mostly for amenity reasons, such as enjoying
scenery or protecting wildlife habitat, rather than for the purpose of
producing timber products. Respondents owned between 1 and 2000
acres (0.40-809 ha) of woodland (mean = 82 acres; SD = 135.4). More
specifically, 11% owned less than 10 acres, 14% owned 10-19 acres,
28% owned 20-49 acres, 22% owned 50-99 acres, and 25% owned 100
or more acres (Table 2). Over half (52%) of respondents shared land-
ownership with their spouse or another individual, 36% had individual
ownership, and the remaining 12% had joint ownership with two or
more people. On average, respondents owned their woodland for
25 years, although 9% were new owners with five or fewer years of
experience and 8% were long-term owners with 50 years or more of
experience. Thirty percent of respondents were considered absentee
owners who lived more than one mile away from their woodland. Less
than a quarter of respondents had a written forest management plan
(21%), 35% had participated in the Indiana Classified Forest and
Wildlands Program, and 13% were members of an environmental,
conservation or woodland owner organization. Seventy-three percent of
respondents indicated that their woodland was either currently (57%)
or previously (16%) farmed.

3.2. Familiarity with and concern about invasive plants

Respondents had varying levels of familiarity with invasive plants.
Forty percent indicated that they could identify some or all invasive
plant species around where they live, 26% knew about invasive plants
but could not identify specific species, and 34% reported little to no
familiarity. The ways FFOs first became aware of invasive plants on
their woodland were from forestry or natural resource professionals
such as public and private foresters (30%), through forestry newsletters
or magazines (29%), through learning about them from newspapers,
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Table 1
Demographic and landownership characteristics of survey respondents.
Characteristics (unit if applicable) Type of variable (categorical or continuous) % or mean (std. dev.) n
Age (years) 20-40 3.4% 1317
41-60 33.6%
61-80 52.2%
> 80 10.7%
Retired Yes 49.0% 1350
Gender Male 78.8% 1329
Education Less than high school/GED 2.8% 1332
High school/GED 33.0%
Some college 20.2%
Associate’s degree 7.5%
Bachelor’s degree 18.2%
Graduate degree 18.3%
Income Less than $25,000 9.1% 1108
$25,000-$49,999 25.5%
$50,000-$99,999 34.7%
$100,000-$149,999 15.7%
$150,000-$199,999 6.3%
$200,000 or more 8.7%
Percent of household’s annual income derived from woodland (%) Continuous (range: 0-100) 0.98 (4.14) 1205
Member of a conservation, environmental, or woodland owners’ organization Yes 12.8% 1331
Size of woodland owned (acres) Continuous 81.64 (135.44) 1358
No. of people as part of woodland ownership 1 36.3% 1359
2 52.1%
3 or more 11.6%
Primary residence on or within one mile of woodland Yes 70.2% 1374
Woodland as part of a farm Yes, currently farmed 56.7% 1368
Yes, previously farmed 16.4%
No, not part of a farm 26.8%
Ownership objectives * To enjoy beauty or scenery 78.7% 1325
To protect nature or biological diversity 69.5% 1304
To protect or improve wildlife habitat 73.3% 1328
To protect water resources 59.9% 1293
For land investment 52.7% 1284
Is part of my home site/primary residence 57.6% 1293
Is part of my cabin or vacation home site 19.3% 1168
Is part of my farm 59.2% 1272
For privacy 63.3% 1300
To raise my family 50.5% 1243
To pass land onto my children or other heirs 68.1% 1315
For firewood 29.7% 1288
For timber products 33.3% 1289
For nontimber forest products 27.9% 1289
For hunting 49.8% 1322
For recreation, other than hunting 51.1% 1302
How woodland was acquired (categories not mutually exclusive) Purchased 84.0% 1374
Inherited 24.4%
Received as a gift 2.3%
Length of ownership (years) Continuous 25.48 (15.71) 1324
Having a written management plan Yes 21.3% 1370
Enrolled in the Indiana Classified Forest and Wildlands Program Yes 35.4% 1374

% The survey question was stated as “How important are the following as reasons for why you currently own wooded land in Indiana?” Options provided to
respondents for each line item were: “very important,” “important,” “moderately important,” “of little importance,” “not important,” and “not applicable.” The

percentages presented here were the combined percentages of respondents who chose “very important” and “important.”

” o«

television, radio, and other forms of mass media (22%), and from fa- impacts on wildlife, hunting, or other recreational values of the
mily and friends (20%). Those who could identify invasive plants re- woodlands (Fig. 1).
ported noticing various species (Table 3): the most common were Generally speaking, respondents’ familiarity with invasive plants
multiflora rose (Rosa multiflora), Asian bush honeysuckle (Lonicera differed based on their socio-demographic characteristics (Table 4).
maacki), Japanese honeysuckle (Lonicera japonica), autumn olive Older and retired respondents were more likely to have little to no fa-
(Eleagnus umbellata), and garlic mustard (Alliaria petiolata). miliarity with invasive plants. Those with higher education levels,
Some respondents reported little to no concern about invasive higher household incomes, and memberships in conservation, en-
plants on their woodlands (23%) or neighboring/nearby lands (32%), vironmental or woodland owner organizations, were more familiar with
but 42% were concerned or very concerned about invasive plants on invasive plants, as were those who had more woodlands, who had a
their own woodland while 35% were concerned or very concerned written management plan, whose woodlands were enrolled in the In-
about invasives on neighboring/nearby lands. Regarding potential ne- diana Classified Forest Program, and whose woodlands were currently
gative impacts of invasive plants, half or more respondents were con- or previously farmed. Familiarity with invasive plants was not, how-
cerned about invasive plants negatively impacting new tree growth, ever, associated with respondents’ gender, whether they were absentee
decreasing the beauty of woodlands, reducing timber value and prop- landowners, or the length of their landownership.
erty value, and negatively impacts the use or enjoyment of woodlands. Respondents’ concerns with invasive plants also differed based on
Fewer than half respondents were concerned about invasive plants’ their socio-demographic characteristics (Table 4). The same set of
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Table 2

A comparison of demographic and landownership characteristics of survey respondents, FFOs in Indiana, and FFOs in the United States.
Demographics of primary owner FFOs in this study FFOs in Indiana® FFOs in the United States®
Age: <45 7% 7% 7%
Age: 45-54 16% 24% 20%
Age: 55-64 29% 30% 30%
Age: 65-74 28% 19% 25%
Age: 75+ 19% 20% 18%
Retired 49% 51% 51%
Gender: male 79% 82% 79%
Education: less than high school/GED 3% 4% 6%
Education: high school/GED 33% 25% 25%
Education: some college 20% 27% 22%
Education: Associate’s degree 8% 9% 9%
Education: Bachelor’s degree 18% 20% 21%
Education: graduate degree 18% 15% 18%
Income: < $25,000 9% 8% 13%
Income: $25,000-$49,999 26% 33% 26%
Income: $50,000-$99,999 35% 45% 35%
Income: $100, 000-$199,999 22% 9% 17%
Income: > =$200,000 9% 5% 8%
Size of woodland holdings: 1-9 acres 11% N/A N/A
Size of woodland holdings: 10-19 acres 14% (16%)° 43% 35%
Size of woodland holdings: 20-49 acres 28% (32%)" 36% 35%
Size of woodland holdings: 50-99 acres 22% (25%)" 14% 16%
Size of woodland holdings: 100-199 acres 15% (17%)° 5% 9%
Size of woodland holdings: 200-499 acres 8% (9%)" 1% 4%
Size of woodland holdings: 500-999 acres 1% (1%)° <1% < 1%
Size of woodland holdings: 1000+ acres 1% (1%)" < 1% < 1%
Having a written management plan 21% 7% 13%
No. of people as part of woodland ownership: 1 36% 23% 31%
No. of people as part of woodland ownership: 2 52% 66% 58%
No. of people as part of woodland ownership: 3-5 10% 10% 9%
No. of people as part of woodland ownership: 6 + 2% 2% 3%
Primary residence on or within one mile of woodland® 70% 72% 63%
Woodland as part of a farm: currently farmed 57% 46% 38%
Woodland as part of a farm: previously farmed 16% N/A N/A
Woodland not as part of a farm 27% N/A N/A
Length of ownership (years): < 10 17% 15% 19%
Length of ownership (years): 10-24 35% 45% 38%
Length of ownership (years): 25-49 40% 31% 36%
Length of ownership (years): 50 + 8% 9% 7%
Eliminated or reduced invasive plants on own woodland in the past five years 28% 30% 24%
Plans to remove invasive plants from own woodland in the next five years 50%° 33%° 29%°

? The challenge is that the Indiana and U.S. descriptive statistics are not directly comparable to our sample descriptive statistics. This is because the descriptive
statistics of FFOs in Indiana and FFOs in the U.S. are based on the USDA Forest Service, Forest Inventory and Analysis Program, National Woodland Owner Survey
(NWOS) results from 2011 to 2013 (https://www.fia.fs.fed.us/nwos/results/). The NWOS summary tables released by the USDA Forest Service are only for family
forestlands that are 10+ acres. This needs to be taken into consideration when reading Table 2.

b percentages in parentheses were calculated using our sample of FFOs who own woodlands that are 10+ acres to be comparable with NWOS data in Indiana and
nationally.

¢ In our survey this question was stated as “Is your wooded land part of a farm that is currently farmed or that was previously farmed?” Options provided to
respondents were: “yes, currently farmed,” “yes, previously farmed,” and “no, not part of a farm.” However, there was no equivalent question asked in the NWOS.
The closest question in NWOS was a question about ownership reasons broadly with a line item being “Is part of my farm or ranch.” The question was stated as “How
important are the following as reasons for why you currently own your wooded land in Indiana?” Options provided to respondents for each line item were: “very
important,” “important,” “moderately important,” “of little importance,” “not important,” and “not applicable.” The percentage presented here for Indiana and the
U.S. were the combined percentages of respondents who chose “very important” and “important.”

4 In our survey this question was stated as “Generally speaking, how likely are you to undertake activities to remove invasive plants from your wooded land in
Indiana in the next five years?” Options provided to respondents were: “very likely,” “likely,” “undecided,” “unlikely,” “very unlikely,” and “not applicable.” The
percentage presented here was the combined percentages of respondents who chose “very likely” and “likely.”

¢ There was no equivalent question asked in the NWOS. The closest question in NWOS was stated as “How important are the following as reasons for why you
currently own your wooded land in Indiana?” with a line item being “Eliminate or reduce invasive species.” Options provided to respondents were: “extremely
likely,” “likely,” “undecided,” “unlikely,” and “extremely unlikely.” The percentage presented here was the combined percentages of respondents who chose “ex-
tremely likely” and “likely.”

» « » « ” «

” «

variables are associated with both concerns about invasive plants on on their own or neighboring/nearby woodlands were not, however,
their own woodlands and concerns about invasive plants on neigh- associated with respondents’ age, retirement status, gender, income,
boring or nearby woodlands. Specifically, respondents with higher le- resident/absentee status, the length of their landownership, or whether
vels of education and memberships in conservation, environmental or their woodlands were currently or previously farmed. Generally
woodland owner organizations were more likely to be concerned about speaking, respondents who were more familiar with invasive plants
invasive plants. Those who had more woodlands, who had a written were more concerned about them on both their own and neighboring/
management plan, and whose woodlands were enrolled in the Indiana nearby woodlands.

Classified Forest Program, were also more likely to be concerned about
invasive plants. Respondents’ levels of concerns about invasive plants
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Table 3
Invasive plant species that survey respondents reported noticing on their
woodlands in Indiana.

Invasive plant species identified % of respondents

Multiflora rose (Rosa multiflora) 64%
Asian bush honeysuckle (Lonicera maackii) 33%
Japanese honeysuckle (Lonicera japonica) 29%
Autumn olive (Eleagnus umbellata) 28%
Other written-in examples: Russian olive (Elaeagnus 23%

angustifolia), wild grape (Vitis vinifera), canary grass
(Phalaris canariensis), etc.

Garlic mustard (Alliaria petiolata) 20%
Tree of heaven (Ailanthus altissima) 19%
Burning bush (Euonymus alatus) 13%
Common buckthorn (Rhamnus cathartica) 8%
Japanese stilt grass (Microstegium vimineum) 6%
Periwinkle (Vinca minor) 6%
Winter creeper (Euonymus fortunei) 5%
Japanese barberry (Berberis thunbergii) 4%
Callery pear or Bradford pear (Pyrus calleryana) 4%
Privet (Ligustrum vulgare) 4%
Glossy buckthorn (Rhamnus frangula) 2%
Paulownia (Paulownia tomentosa) 1%

3.3. Past and future invasive plant management actions

Of the 14 possible invasive plant-related actions respondents could
have taken in the past five years, the three most common were: pulling
or cutting invasive plants on their woodlands (39%), inspecting their
woodlands for invasive plants (34%), and applying herbicides to kill
invasive plants on their woodlands (31%) (Fig. 2). In contrast, only 2%
of respondents had worked with their neighbors to remove invasive
plants from both owners’ woodlands, although some had initiated dis-
cussions among peers about invasive plants. Specifically, 14%, 8%, and
10% of respondents, respectively, had talked to their family, neigh-
boring landowners, and other non-neighboring landowners about in-
vasive plants. Overall, 38% of respondents reported having done no
invasive plant management in the past five years.

Forty-three percent of respondents reported that they were likely or
very likely to undertake activities to prevent invasive plants from es-
tablishing on their woodlands in the next five years, while 50% were
likely or very likely to remove invasive plants from their woodlands.
Specifically, respondents reported that they were likely or very likely to
inspect their woodlands for invasive plants (66%), pull or cut invasive
plants on their woodlands (59%), and search for information on the
Internet (47%) in the next five years (Fig. 2). Additionally, larger pro-
portions of respondents (43%, 26%, and 27% respectively) indicated
plans (likely or very likely) to talk to their family, neighboring land-
owners, and other non-neighboring landowners about invasive plants

Landscape and Urban Planning 188 (2019) 80-92

than the proportions of respondents who had done so in the past five
years.

A number of landowner socio-demographic characteristics were
associated with respondents having managed invasive plants in the past
five years (Table 4). Specifically, younger and male respondents were
more likely to report having eliminated or reduced invasive plants on
their properties. Respondents with more education, higher household
income, or membership in a conservation, environmental or woodland
owner organization, were also more likely to report having managed
invasive plants. Additionally, respondents who owned more woodlands,
who had a written management plan, or whose woodlands were en-
rolled in the Indiana Classified Forest Program, were more likely to
have managed invasive plants.

Regarding future plans, the likelihood that respondents would re-
move invasive plants in the next five years was associated with a larger
set of socio-demographic characteristics compared to their past efforts
(Table 4). Specifically, older, retired, and longer-tenure respondents
were less likely to report plans to remove invasive plants on their
woodlands in the next five years. Respondents with higher education
levels, higher household incomes, or memberships in a conservation,
environmental or woodland owner organization, were more likely to
report plans to remove invasive plants, as were males and those who
lived on or near their woodlands. Additionally, respondents who owned
more woodlands, who had a written management plan, or whose
woodlands were enrolled in the Indiana Classified Forest Program, were
more likely to report plans to remove invasive plants. In terms of pre-
venting invasive plants from establishing on one’s woodlands, the
likelihood of respondents taking actions in the next five years was as-
sociated with a similar set of socio-demographic characteristics as the
likelihood of removing invasive plants (Table 4). The only difference
was that resident/absentee status was not associated with likelihood of
prevention. Overall, respondents’ plans for prevention and removal
were not associated with whether their woodlands were currently or
previously farmed, but were associated with their past experience of
eliminating and reducing invasive plants.

3.4. Confidence in taking actions and potential barriers

Respondents were asked to indicate their levels of confidence in
their ability to manage invasive plants. Fifty-nine percent felt little or
no confidence in their ability to prevent invasive plants from estab-
lishing on their woodlands, while 49% felt little or no confidence in
their ability to remove invasive plants from their woodlands.
Respondents’ levels of confidence were associated with various socio-
demographic variables. Specifically, respondents who were male, who
were members in conservation, environmental or woodland owner or-
ganizations, or who had a written management plan, were more

IPs prevent the growth of new trees on my woodland

[ 45%

IPs decrease the beauty of my woodland

[ 40%

IPs reduce the value of timber on my woodland 15% ] 36%
IPs reduce the property value of my woodland 139 37%
IPs negatively impact my use or enjoyment of my woodland 14% | 36% 14% 2%
IPs are bad for wildlife on my woodland 14% | 30%
IPs negatively impact my ability to recreate (other than hunt) on my woodland _ 8% | 29%
IPs negatively impact my ability to hunt on my woodland 6% 24% 7%
0% 20% 40% 60% 80% 100%

OStrongly agree  OAgree

BUndecided / Don’t know

BDisagree B Strongly disagree

Fig. 1. Survey respondents’ perceptions of potential negative impacts of invasive plants (Note: IP stands for invasive plant).
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Table 4 (continued)

Likelihood to Agreement with

Likelihood to

Having eliminated or

Concerns about IPs  Concerns about IPs Confidence in own  Confidence in own
on neighboring/ reduced IPs in the
past five years

on own woodlands

Familiarity with

IPs

et al

statement “removing IPs
from privately-owned

remove IPs in the
next five years

prevent IPs in the
next five years

ability to remove

IPs

ability to prevent

IPs

nearby woodlands

wooded land should be
required by law in

Indiana”

TNR

TNR

TNR TNR TNR TNR TNR

TNR

Confidence in own ability

X% = 215.1334,
p < 0.001
TNR

to prevent IPs

+
x? = 284.5136,

p < 0.001

TNR TNR TNR TNR TNR

TNR

Confidence in own ability

%2 = 21.0667, p < 0.001

to remove IPs

4
x? = 217.3093,

p < 0.001
TNR

TNR TNR TNR TNR TNR

TNR

Having eliminated or

x2 = 24.2681, p < 0.001

x? = 301.3028,
p < 0.001
TNR

reduced IPs in the past

five years
Likelihood to prevent IPs

TNR

TNR

TNR

TNR

TNR

TNR

TNR

in the next five years
Likelihood to remove IPs

+
%2 = 30.9326; p < 0.001

TNR TNR TNR TNR TNR TNR TNR

TNR

in the next five years

? — indicates a statistically significant negative relationship.

> NS indicates a non-statistically significant relationship.

¢ + indicates a statistically significant positive relationship.

4 TNR indicates test that was not run.
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confident in their own ability to manage (prevent and remove) invasive
plants, whereas those who were retired were less confident.
Respondents’ levels of confidence in their own ability to prevent or
remove invasive plants were not, however, associated with re-
spondents’ income or whether their woodlands were currently or pre-
viously farmed. Several variables had different relationships with re-
spondents’ levels of confidence in preventing versus removing invasive
plants. For example, owning more woodlands, being a resident owner,
and having land enrolled in the Indiana Classified Forest Program, were
not significantly associated with respondents’ confidence in preventing
invasive plants from establishing on their properties; however, they
were significantly associated with higher levels of confidence in re-
moving invasive plants. Similarly, being older and owning woodlands
for a longer period of time were not associated with respondents’
confidence in preventing invasive plants, but were associated with
lower level of confidence in removing invasive plants. Interestingly,
while education level was not associated with respondents’ confidence
in their own ability to remove invasive plants, higher education level
was significantly associated with lower level of confidence in pre-
venting invasive plants from establishing on one’s property.
Respondents’ level of confidence and their likelihood to act were
significantly associated (Table 4). The more confident respondents were
in their own ability to prevent or remove invasive plants, the more
likely they reported having plans to take preventative or removal ac-
tions in the next five years. Furthermore, respondents’ levels of con-
fidence and their likelihood to act were both significantly associated
with their familiarity with invasive plants (Table 4). The more familiar
respondents were with invasive plants, the more confident they felt in
their own ability to prevent or remove invasive plants and the more
likely they were to report plans to prevent or remove invasive plants.
Respondents rated ten factors that might limit their confidence le-
vels regarding invasive plant management (Fig. 3). More than half of
respondents (52% and 55%, respectively) agreed or strongly agreed
that they had sufficient time to inspect their woodlands for invasive
plants and knew who to contact if they had questions about them.
However, the majority of respondents disagreed or strongly disagreed
that they knew about county, state or federal programs that assist
woodland owners in removing invasive plants (82%); had sufficient
knowledge to prevent and remove invasive plants (69%); or had suffi-
cient money to remove invasive plants from their woodlands (64%).

3.5. Perceived responsibility and opportunities for invasive plant
management

Nearly all respondents disagreed with the statement that “Indiana as
a whole is doing enough about preventing and removing invasive
plants” from woodlands owned by private individuals and public enti-
ties (94% and 94%, respectively). While most (57%) respondents
agreed or strongly agreed that Indiana needs some sort of coordinated
effort to control invasive plants on publicly-owned woodlands, fewer
(43%) agreed or strongly agreed about a similar need for privately-
owned woodlands and an equal number of respondents (42%) were
undecided. When asked about who should be responsible for managing
invasive plants, most respondents believed that private woodland
owners themselves should be responsible for prevention (78%) and
removal (77%).

In terms of potential effort that the government could make, re-
spondents were most supportive of educating woodland owners (82%)
and school children (80%) about invasive plants in Indiana. Fewer re-
spondents (40%) agreed or strongly agreed that removing invasive
plants from publicly-owned woodlands should be required by law in
Indiana, and only 11% were supportive of such a law for privately-
owned woodlands. Respondents were more likely to agree to a law
requiring private woodland owners to remove invasive plants if they
were concerned or very concerned about invasive plants on their
woodlands, felt very confident in their own ability to remove invasive
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(a) Past actions

Pulled or cut IPs on my woodland

OYes ®WNo

Searched for information about IPs on the Internet

Talked to other woodland owner who 1s not my neighbor about IPs

Talked to my neighboring woodland owner about IPs

Inspected my woodland for IPs
Applied herbicides to kill IPs on my woodland
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T30 U

mevy 830 |

Talked to my family about IPs  T4%] 600
Contacted a FNR professional about IPs T2 I 1 17 S
0% 0% |
N 9%, |
bz 0%, |

Sought technical assistance from FNR professional to help me remove IPs
Participated in workshops or information sessions about IPs

Sought financial assistance from a state or federal program to help me remove IPs

Participated in a county, state or federal program that assists woodland owners in removing IPs 33 97%

Used controlled bum/prescribed fire to kill IPs on my woodland

e 0/% |

Worked together with my neighbor to remove IPs from both of our woodlands 2 117 N

0% 50% 100%
% of respondents
(b) Future actions
OVery likely Inspect my woodland for invasive plants 33% | 33% [ 14% 13% = 7%
DOLikely Pull or cut invasive plants on my woodland 26% | 33%
:gzzlzili 'ed Search for information about IPs on the Internet 14% 1 33% I 21% 16% 16%
B Very unlikely Apply herbicides to kill IPs on my woodland 20% | 23% | 21 20% 16%
Talk to my family about IPs 1% | 31% [ 18% 22% 17%
Contact a FNR professional about IPs  _8% | 25% | 29% 22% 16%
Talk to other woodland owner who is not my neighbor about IPs 7% 20% | 24% 29% 21%
Seek technical assistance from a FNR professional to help me remove IPs  6%[ 20% | 32%
Talk to my neighboring woodland owner about IPs 6% 20% T 23% 30% 21%
Participate in a county, state or federal program that assists woodland owners in removing IPs  @%[ ___19% | 33% 23% 18%
Participate in workshops or information sessions about IPs 490 16% | 29% 27% 22%
Seek financial assistance from a state or federal program to help me remove IPs  6%[ 12% 1| 3% 26% 24%

Work together with my neighbor to remove IPs from both of our woodlands

Use controlled bumn/prescribed fire to kill IPs on my woodland

40% 50%

60% 70% 80% 90% 100%

% of respondents

Fig. 2. Survey respondents’ self-reported (a) invasive plant management-related activities in the past five years, and (b) their likelihood to undertake these activities
in the next five years (Note: FNR stands for forestry and natural resources; IP stands for invasive plant; ‘None of above’ stands for not having taken any action listed in

this survey question).

plants, had experience removing invasive plants in the past five years,
were more likely to remove invasive plants in the next five years, were
members of a conservation, environmental or woodland owner orga-
nization, or had a written management plan. It is also worth noting that
respondents with more education and respondents who were moder-
ately to very familiar with invasive plants were less supportive of re-
quiring private woodland owners to remove invasive plants. In contrast,
respondents were more supportive of regulations targeting the land-
scaping industries, specifically with laws preventing the sale of invasive
plants by nurseries, greenhouses, and retail stores (69%) and requiring
businesses to label plants for sale as native or non-native to Indiana
(80%). Most respondents (74%) also believed that people should not
buy plants that are invasive to Indiana.

When asked about working with others to manage invasive plants,
respondents (50%) found working with a non-profit organization, such
as a land conservation organization or woodland owner association, to
control invasive plants on privately-owned woodlands appealing or
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very appealing. This was closely followed by working with their
neighbors (49% and 47% on prevention and removal, respectively) and
other woodland owners in their town, city or county (46% and 43% on
prevention and removal, respectively). Working with their town, city,
county government (37%) or a state agency (41%) to control invasive
plants were viewed slightly less favorably by respondents.

4. Discussion

Generally speaking, our survey respondents are similar to the
average FFOs in Indiana and nationwide in terms of their socio-demo-
graphic characteristics with two possible meaningful differences
(Table 2). First, a larger proportion of our respondents (21%) have a
written management plan, in contrast to 13% nationally (for family
forestlands that are 10 + acres; Butler et al., 2016b). We will discuss the
potential implications of this difference later in this section. Second, a
large proportion of our respondents (57%) owned woodlands as part of
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OStrongly agree I have sufficient time to inspect my woodland for IPs  8%] 44%
DAgree I know who to contact if I have a question about IPs on my woodland _13% | 42%
BDisagree I know how to apply herbicides to kill IPs on my woodland 9%] 39% 7 21%
B Strongly disagree I know what IPs to watch for on my woodland 7%[  36% [ apos 0 IEEEA
I have access to the mechanical equipment needed to remove IPs from my woodland 7%  35% [0 3305 ] 25%
I know who to contact if I want to report sightings of IPs  9%]  34%  [n3gos IIETTA
I have sufficient money to remove IPs from my woodland 3%  31% [ ages  IPITA

I have sufficient knowledge to prevent and remove IPs from my woodland
I know about county, state or federal programs that assist woodland owners like me in removing IPs

I feel comfortable with using controlled bum/prescribed fire to remove IPs from my woodland

2 27% oY% T T
3% 15% [Ea0% T 33%
3%12% a9 T 43%

40% 60%

% of respondents

0% 20% 80% 100%

Fig. 3. Factors that might limit the level of confidence survey respondents had with regard to managing invasive plants (Note: IP stands for invasive plant).

a current farm, in contrast to 38% nationally (for family forestlands that
are 10+ acres; Butler et al., 2016b). Regarding this difference, previous
research has been inconclusive about the similarities and differences
between FFOs whose woodlands are/were part of a farm and FFOs
without connections to farming (e.g., Authors, In review; Erickson,
Ryan, & De Young, 2002; Fortney, Arano, & Jacobson, 2011; Hendee &
Flint, 2013; Jagnow et al., 2006; Ma, Butler, et al., 2012; Sandberg &
Jakobsson, 2018; Silver et al., 2015; Snyder & Butler, 2012; Steele et al.,
2006). Our results show that FFOs whose woodlands were previously
farmed, or currently part of a farm, were more likely to be familiar with
invasive plants; however, they exhibited similar levels of concern,
confidence, and past and future actions regarding invasive plant man-
agement as those whose woodlands were not part of a farm. As such,
our study highlights the need to further explore how FFOs perceive and
manage invasive forest plants based on their association with farming.
Anecdotally, FFOs with farmlands may have more familiarity with and/
or opportunities to participate in government-sponsored outreach and
assistance programs by virtue of owning two types of lands, each of
which have different programs available to them, as well as peer and
professional networks. Therefore, it will be important to empirically
test these assumptions and assess the opportunities, as well as equity
concerns, associated with potentially uneven access to resources among
FFOs.

Overall, our results suggest that many FFOs in Indiana are familiar
with invasive forest plants and are already taking management actions,
particularly through physical or chemical removal (Fig. 2). This level of
awareness and activity may be higher than what forestry professionals
in the state have realized, as they generally estimated that less than
20% of FFOs would be aware of invasive plant problems and less than
5% would have done anything at all (Ma et al., 2018). While it is en-
couraging that many respondents reported awareness and activity
around invasive forest plants, 69% of our respondents also reported
insufficient knowledge to prevent or remove them. This may be an
indication that many FFOs in our study are managing invasive plants
even though they do not necessarily know how; a potentially worrisome
finding considering the number of FFOs who have used or are con-
templating using herbicides to control invasive plants, and the potential
impacts of incorrect herbicide applications on ecosystem and human
health. Further, our results show that few respondents have interacted
with forestry or other natural resource professionals about invasive
plant management (Fig. 2). With half of the respondents indicating that
they were likely or very likely to prevent and remove invasive plants in
the next five years, efforts are needed to ensure that appropriate, sci-
entifically-based information and professional advice reaches FFOs
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before management occurs—a critical decision point identified by
Kittredge (2004).

In addition to documenting a general interest in preventing and
removing invasive plants among Indiana FFOs, our study suggests that
such interest is associated with certain socio-demographic and land-
ownership characteristics of FFOs. Specifically, our results suggest that
older, retired, and longer-tenure FFOs may have little interest in in-
vasive plant management, which may relate to how physically de-
manding managing some invasive plant species can be (Ma et al.,
2018). This contention is potentially concerning because at least half of
the Indiana FFOs fall into these demographic categories. On the other
hand, newer and younger FFOs may be more receptive to information
about invasive forest plants and relevant management programs. As
discussed in Cooke and Lane (2015), there is great potential in pro-
moting experiential learning among newer and younger FFOs, parti-
cularly as part of wider social engagement with other experienced
FFOs. Such learning through observation, hands-on experiences, and
interactions with others can facilitate stewardship development among
newer FFOs (Cooke & Lane, 2015). Our finding also furthers current
debates about the relationship between length of land tenure and in-
vasive plant management. For example, several studies have found that
landowners with longer tenure were less likely to express interest in
collectively managing invasive species (McKiernan, 2017; Niemiec,
Pech, et al., 2017), while Niemiec, Ardoin, et al. (2017) documented a
positive but statistically insignificant relationship between longer-term
residency and past invasive plant removal experience in the Puna Dis-
trict of Hawai’i.

We found that FFOs with higher income were more likely to have
plans to remove invasive plants, consistent with what other studies
have found (Gulezian & Nyberg, 2010; Niemiec et al., 2018). This may
be explained by the fact that invasive plant management is generally
costly, and landowners with higher incomes may be better able to ac-
quire assistance and services from forestry professionals and to pur-
chase necessary equipment and herbicides for treatment. Like previous
studies (Klepeis et al., 2009; Niemiec, Ardoin, et al., 2017; Yung et al.,
2015), our result shows that where FFOs live relative to their wood-
lands is associated with their interest in invasive plant management,
with resident FFOs more likely to report having a plan to remove in-
vasive plants on their property in the next five years. However, we did
not find a significant relationship between where FFOs live and their
level of familiarity with invasive plants or their past invasive plant
management. Because invasive plants in forest ecosystems are still re-
latively new to FFOs (Ma et al., 2018), there might have not been
sufficient time for resident and absentee FFOs to differ in their
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knowledge and past actions. Additionally, FFOs who are already
members in a conservation, environmental or woodland owner orga-
nization, and those who have enrolled in the Indiana Classified Forest
Program, may be prime audiences for invasive plant-related outreach.
These individuals are sometimes referred to as “model” owners, as they
tend to be already connected with natural resource professionals and
programs (Ma, Kittredge, & Catanzaro, 2012). Nonetheless, they may
need a nudge through outreach to prioritize invasive plant problems
among other land management activities they consider. Once engaged,
these individuals have the potential to serve as influencers to commu-
nicate through their networks and encourage invasive plant manage-
ment in the broader FFO community (Kueper, Sagor, & Becker, 2013;
Ma, Kittredge, et al., 2012).

Our results also highlight that FFOs with written forest management
plans tend to have greater invasive plant awareness and interest in
management, although it is unclear whether invasive plant manage-
ment was an explicit element of these written plans or if respondents
became more aware of invasive plant problems through working with a
professional forester to prepare a written plan. Our results confirm
previous research showing that FFOs with management plans tend to be
more engaged in forest management and conservation (Joshi & Arano,
2009; Ma, Butler, et al., 2012). While it is unrealistic to assume that
every FFO will develop a written plan, it may still be an important
pathway to enhance invasive plant management among FFOs. For ex-
ample, when communicating with FFOs about developing written forest
management plans, natural resource professionals may consider in-
corporating specific examples of how invasive plants reduce the beauty,
health, and values of woodlands that they would pass on to their
children—an important landownership objective for many FFOs.

Our results suggest that FFOs have a relatively low level of con-
fidence in their ability to manage invasive plants on their properties.
Although helping FFOs become more familiar with invasive plants and
related management techniques may help boost confidence, our study
shows that additional factors such as lack of money and limited
knowledge about landowner assistance programs may also influence
FFOs’ self-confidence and self-efficacy. Similar factors have been
identified by landowners in California’s Sierra Nevada when discussing
limitations to their ability to manage an invasive plant, yellow star-
thistle (Centaurea solstitialis), on their rangelands (Aslan et al., 2009).
Noteworthy from our study, however, is that although over 60% of
respondents reported being constrained by knowledge or money to
control invasive plants, only a quarter expressed an interest in partici-
pating in a workshop, information session, financial assistance pro-
gram, or technical assistance program. Such a mismatch between FFOs’
needs and interests seems to suggest that conventional models of fi-
nancial assistance, technical assistance, and outreach or education
programs to FFOs may not be effective for motivating FFOs to partici-
pate in these programs (Hershdorfer et al., 2007; Howle et al., 2010;
Kapler, Thompson, & Widrlechner, 2012; Sharp, Larson, & Green,
2011).

This low interest in government-sponsored programs is not unique
to the management of invasive plants or FFOs in Indiana, as the USDA
Forest Service’s National Woodland Owner Survey (Butler et al., 2016b)
also shows low participation rates in landowner assistance programs
and interactions with forestry professionals among FFOs nationwide.
These results could be explained by FFOs’ lack of awareness about such
programs, particularly among newer landowners, or their disinterest or
distrust in engaging in government-sponsored programs and activities.
Specifically, previous research shows that FFOs who are aware of forest
management and conservation programs might be reluctant to partici-
pate if the application process is cumbersome or unclear (e.g., Gan,
Onianwa, Schelhas, Wheelock, & Dubois, 2005), eligibility criteria or
participation requirements are hard to meet (e.g., Markowski-Lindsay
et al., 2011), incentives are minimal (e.g., Thomas, White, Kittredge, &
Dennis, 2002), program and landowner goals are misaligned, or land-
owners distrust government program goals (Rouleau, Lind-Riehl, Smith,
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& Mayer, 2016). Thus, more research is needed to identify the specific
reasons that underlie the mismatch we observed between FFOs’ stated
need for information and financial resources but little interest in out-
reach opportunities and assistance programs. For example, if distrust in
government is identified as a limiting factor (Graham, 2013; Graham &
Rogers, 2017), more effort would be needed to identify other entities
that FFOs would trust as messengers and partners for invasive plant
management. Since half of our respondents found it appealing or very
appealing to work with a non-profit organization, it may be beneficial
for natural resource agencies to work with a land conservation orga-
nization or a woodland owner association to motivate and assist FFOs
to work on the invasive plant problems on their properties and in their
communities.

Beyond a concern about invasive plants on their own properties, our
study shows that FFOs are also concerned about invasive plants on
neighboring or nearby woodlands. Most FFOs seem to be unsatisfied
with what Indiana as a whole is doing about invasive plants.
Furthermore, a large proportion also see a need for coordinated efforts
to control invasive plants on privately-owned woodlands. These results
are particularly insightful considering that only a very small proportion
of FFOs have talked about or worked with their neighbors to manage
invasive plants, yet a large proportion find it appealing or very ap-
pealing to work with their neighbors and other woodland owners in
their town/city/county on invasive plant problems. These results
highlight an opportunity to explore collective and/or cooperative in-
vasive plant management across property boundaries. Specifically, our
results suggest that there may be a role for both government agencies
and non-profit organizations in facilitating coordination and coopera-
tion among FFOs to generate landscape-level invasive plant manage-
ment outcomes (Graham & Rogers, 2017; McKiernan, 2017). Indeed, in
Indiana there has been an emerging effort to promote the Cooperative
Invasive Species Management Areas (CISMAs) model to facilitate
landowner coordination and cooperation. The Southern Indiana Co-
operative Invasives Management (SICIM) was initially established in
2008 with a 35-county coverage region. In late 2017, SICIM and the
USDA Natural Resources Conservation Service “entered into a con-
tribution agreement for the purpose of developing local CISMAs
throughout Indiana” (Southern Indiana Cooperative Invasives
Management (SICIM), 2018). After over 10 years of continuous effort
and the 2017 agreement, 10 of Indiana’s 92 counties has established a
CISMA under the leadership of government agencies, non-profit orga-
nizations, and landowners and citizen groups. The CISMA model, first
known as the Cooperative Weed Management Areas (CWMAs) model,
has been widely used in the Western and Midwestern United States, as
well as Australia, to address weed management challenges through
private and public partnerships across ranching and farming landscapes
(Barrett, Soteres, & Shaw, 2016; Donaldson & Mudd, 2010; Epanchin-
Niell et al., 2010; Ervin & Frisvold, 2016; Graham & Rogers, 2017).
Within the forestry sector, this type of effort has been sparse (Schelhas,
Miller, & Chambers, 2012). There is a need to better understand the
potential for and barriers to CISMAs across more fragmented forested
landscapes, and SICIM may present an opportunity for such research.

Beyond the specific CWMA and CISMA models, previous research
has identified opportunities for collective and cooperative invasive
plant management. For example, Graham and Rogers (2017) highlight
that community leaders and supportive government staff that serve as a
liaison between local groups and government agencies are pivotal to
effective collective action. Locally-situated forestry and natural re-
source professionals (e.g., county Extension specialists), grassroots
conservation organizations, and landowner associations may be able to
use their existing social networks within local communities to facilitate
FFO meetings, creating an environment of trust, a sense of shared un-
derstanding and responsibility, and an opportunity for social learning
about invasive plant management. As local FFO networks develop,
there might be additional opportunities to facilitate sharing of labor,
tools, and other resources necessary for invasive plant removal.
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However, as pointed out by McKiernan (2017), while grassroots effort
to collectively manage invasive plants is important; it can also become
rigid and insular, preventing the integration of new values and colla-
borations with new landholders within local communities (McKiernan,
2017). As such, strategies are needed to maintain conservation-oriented
social norms and to obtain buy-in from newly arrived residents re-
garding community commitments to invasive plant management
(McKiernan, 2017). Particularly, it is important to understand how
newly arrived residents, often associated with amenity migration, view
and experience their forested properties and where invasive plant
management may fit in their property ownership objectives and in-
dividual circumstances (Cooke & Lane, 2015; Gill et al., 2010).
Finally, our results suggest that FFOs’ social networks (including
families and friends), mass media (e.g., newspapers, television, radio),
and the Internet are important sources of information about invasive
plants, similar to what has been found previously regarding landowner
use of information (e.g., lkutegbe, Gill, & Klepeis, 2015; Knoot &
Rickenbach, 2011; Kueper et al., 2013; Ma, Kittredge, et al., 2012).
Specifically, previous research suggests that a strong landowner social
network is important for effective invasive plant management (Fischer
& Charnley, 2012; Graham & Rogers, 2017; Marshall, Friedel, van
Klinken, & Grice, 2011; Niemiec et al., 2016; Niemiec, Pech, et al.,
2017). FFOs may prefer to use the Internet, mass media, and their social
networks to learn about invasive species and their control (Bodin &
Crona, 2009; Ikutegbe et al., 2015; Ma, Kittredge, et al., 2012), as these
sources tend to be more convenient, less time consuming, and cheaper
to access than seeking advice from natural resource professionals or
traveling to workshops and information sessions. As such, natural re-
source agencies and organizations may need to consider innovative
ways to develop their online presence to facilitate FFOs’ learning, which
is often self-directed and/or social in nature. For example, as a com-
plement to current in-person or paper-based outreach and educational
offerings, web-based learning opportunities that incorporate videos,
virtual reality, and social media may attract FFOs who have not parti-
cipated in traditional Extension or government outreach events.

5. Conclusion

The literature on individual and collective invasive plant manage-
ment, so far, has largely focused on farmers, ranchers, urban gardeners,
and community residents (Head, 2017). Relatively little is known about
invasive plant management specific to forestlands, particularly the role
of family forest owners (FFOs) in the United States. This paper provides
a detailed description of FFOs’ awareness, concerns, past actions, future
plans, needs, and challenges related to invasive plant management.
Such in-depth understanding is not only necessary for informing further
development and testing of hypotheses associated with individual and
collective invasive plant management but provides important insight
into potential invasive plant-related policies and programs targeting
FFOs.

What is both encouraging and concerning is that FFOs in our study
are generally familiar with and concerned about invasive plants and
they are taking actions to address their perceived problems. However,
much of the on-the-ground management occurs without professional
inputs. Although tailored communication and outreach can be used to
target FFOs who are younger and newer, who are involved in farming,
and who have interacted with forestry and natural resource profes-
sionals and programs previously, most FFOs in our study have little
experience or interest in interacting with natural resource professionals
and programs. As such, natural resource agencies may consider ways to
partner with local conservation organizations and landowner associa-
tions to motivate and assist FFOs. In particular, efforts to facilitate
neighboring landowners and landowners within a community to work
together—sharing information and resources and motivating and as-
sisting each other when needed, may prove effective as a way to pro-
mote collective action and coordinated management. Both self-directed
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research and information seeking through social networks are im-
portant means of learning for FFOs. As such, natural resource agencies
and non-profit organizations may need to consider developing a
stronger online presence and identify effective strategies to facilitate
FFOs’ learning. The goal is not only to make easily-accessible, scienti-
fically-based, and trustworthy information available to FFOs, but more
importantly, to communicate such information with FFOs at various
critical decision points as they consider their options for dealing with
invasive plants.
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