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Abstract
Invasive mammals threaten agriculture, biodiversity, and community health. Yet many landholders fail to engage in control
activities recommended by experts. We surveyed a representative sample of 731 Western Australian rural landholders. The
survey assessed landholders’ participation in a range of activities to control invasive mammals, as well as their capabilities,
opportunities, and motivation for engaging in such activities. We found that over half of our respondents had not participated
in any individual or group activities to control invasive mammals during the previous 12 months. Using latent profile
analysis, we identified six homogeneous subgroups of nonparticipating landholders, each with their distinct psycho-graphic
profiles: Unaware, Unskilled, and Unmotivated, Aware but Unskilled and Doubtful, Unskilled and Time Poor, Disinterested,
Skilled but Dismissive, and Capable but Unmotivated. Our results indicate that engagement specialists should not treat
nonparticipating landholders as a single homogeneous group. Nonparticipators differ considerably in terms of their
capabilities, opportunities, and motivations, and require targeted engagement strategies informed by these differences.

Keywords Human behavioral change ● Intervention design ● Invasive species management ● Pest management ● Behavior
change wheel

Introduction

In Australia, invasive mammals—including rabbits, foxes,
wild dogs, feral pigs, and feral cats—pose a considerable
threat to agriculture, biodiversity, and community health.
Invasive mammals are estimated to cost the Australian
agricultural industry $797 million per year (McLeod 2016).
Until recently, managing these pests in rural areas has been
treated primarily a technical matter, involving the applica-
tion of science and technology to develop new and
improved control strategies. Examples of techno-centric
approach include: the development and release of a new
strain of the Rabbit hemorrhagic disease virus (RHDV), the
Hog-Hopper™ bait delivery system for feral pigs, spray
tunnels for feral cats, a range of new bait products con-
taining a newly registered toxin PAPP (Para-aminopropio-
phenone) for wild dogs and foxes, and monitoring tools

such as wild dog alert (an automated recognition and
messaging system), camera traps, and drone technology
(detailed descriptions of these control strategies can be
found at PestSmart Connect: www.pestsmart.org.au).

More recently, policy makers, scientists, and practi-
tioners have recognized the importance of the social and
human behavioral aspects of invasive mammal management
(Ballard 2006; Miller 2009). Best-practice guides have been
developed to influence individual-level management actions
(Hine et al. 2015; Coleman et al. 2017; Hine et al. 2018),
and landscape-scale, collaborative programs have been
promoted for many invasive species such as foxes, wild
dogs, and feral pigs (Braysher 2017). The success of both
individual and group-level programs relies on the support
and action by landholders and the general community—a
major challenge not made any easier by urbanization and
the increasing mixture of land uses in rural areas. Such
sociodemographic changes have produced heterogeneous
communities whose members sometimes vary considerably
in terms of their values, beliefs, priorities, motivations, and
abilities (Buckley et al. 2006; Klepeis et al. 2009). This
change in rural inhabitants means that the established forms
of agricultural extension focusing on improving farming
production and profits may no longer suitable. New
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messages and communication pathways may be needed to
encourage members of increasingly diverse communities to
participate in desired management actions (e.g., Ison and
Russell 2000; Salmon et al. 2006; Klepeis et al. 2009).

Social psychology and behavioral economics have gen-
erated an array of interventions and behavior change tech-
niques designed to increase understanding, engagement,
and ultimately adoption of desired behaviors across a broad
range of target audiences (e.g., Gardner and Stern 2002;
Darnton 2008; McKenzie-Mohr 2011; Michie et al. 2014;
Schultz 2014; McLeod et al. 2015; Byerly et al. 2018). But,
not all techniques are equally well suited for all potential
audiences and situations (Hine et al. 2015; McLeod et al.
2019). To select the most effective techniques to facilitate
behavior change, practitioners need to first identify the
factors that drive their audiences’ behavior, as well as those
that impede an action from being performed. McLeod et al.
(2015) demonstrated that most behavioral influencers rele-
vant to invasive mammal management can be classified into
the three general categories described by Michie et al.
(2011) COM-B model of behavior:

1. Capability—an individual’s physical and psychological
capacity to engage in the behavior of interest. For
example, does the landholder have the physical skills or
ability to conduct control activities such as building
enclosure fences or laying baits? Do they have the
capacity to engage in the necessary mental activities to
select appropriate control options? Controlling rabbits
may seem like a straightforward exercise requiring few
cognitive demands. However, there are many different
methods to choose from (e.g., releasing RHDV, baiting
using a choice of toxins and bait material, ripping
warrens, warren fumigation, harbor destruction, and
shooting), all with various strengths and limitations. In
addition, most states have guidelines about how, where
and when particular methods can be used, and some
methods require specific training which can further
complicate the process. Depending on the accessibility
and complexity of relevant information, psychological
capacity can be easily stretched.

2. Opportunity—factors external to the individual that
enable or prompt the behavior to occur. This can refer to
situational factors such as having relevant resources
and/or control equipment readily available. It is difficult
to control rabbits if bait material is not available locally
or the contractor who supplies the equipment for
ripping warrens has other commitments for the next six
months. This can also refer to social factors where
community or cultural values and norms can influence
engagement. For example, landholders may be more
compelled to participate in rabbit control if their
surrounding neighbors are keen and actively involved.

3. Motivation—factors internal to the individual that boost
or direct behavior. There are two main types of
motivating factors: reflective and automatic1. Reflective
motivation consists of conscious deliberation and
reasoning, and often involves evaluating threats,
planning, goal setting, and mentally simulating out-
comes associated with various types of actions. For
example, prior to initiating a particular rabbit control
activity, a landholder may make a list of all the costs
and benefits of conducting various methods, and select
the option that they believe is most likely to produce the
best outcome. Automatic motivation refers to mental
processes that operate largely outside conscious control,
including habits, impulses, and emotionally driven
behavior. For example, a landholder’s decision to
participate in rabbit control may be driven by the
negative emotional experiences resulting from the sight
of a ruined garden or eroded dam catchment rather than
from logical deliberation.

The pattern of factors influencing a given landholders’
behavior often varies across the individuals within a com-
munity (e.g., Emtage and Herbohn 2012; Morrison et al.
2012). That is, all landholders within a geographic area are
unlikely to view invasive mammal species, their impacts
and preferred management approaches in the same way.
Thus, engagement practitioners may not be dealing with a
single target audience within a community, but rather sev-
eral, with distinct psychographic profiles reflecting their
own sets of values, beliefs, and current behaviors.

Audience segmentation involves dividing a target
population into homogeneous subgroups based on audience
characteristics such as demographics, behavioral influen-
cers, and current behavior (Emtage et al. 2007; Hine et al.
2019). This information can then be used to make strategic
decisions regarding who should be targeted, and the selec-
tion of optimal behavior change techniques for each audi-
ence segmentation as well as the type of messages,
communication channels, and messengers (Emtage and
Herbohn 2012; Hine et al. 2015, 2017). For example, some
landholders may be unaware that invasive mammals are a
problem in their region. These individuals could initially
benefit from an awareness campaign focused on the nega-
tive impacts faced by their neighbors and community
delivered by a local resident. Other landholders may already
be motivated to act, but lack specific knowledge or skills
about how to implement best management practices. These
landholders don’t need engagement initiatives aimed at

1 These two factors are not necessarily mutually exclusive, and there
are many examples that demonstrate that emotion can be a factor in all
types of decision-making (e.g., Damasio 1994; Kahneman 2013).
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“awareness raising”, but would benefit more from skill-
building or ready access to expert advice.

Aims of the Current Study

This study focused on Western Australian landholders and
their participation/nonparticipation in control activities for
wild dogs, foxes, rabbits, feral pigs, and feral cats. It aims to
identify the most important behavioral influencers (cap-
abilities, opportunities, and motivations) of participation in
these control activities, both individually and also as part of
broader coordinated group initiatives. Based on theory and
past research (e.g., Ford-Thompson et al. 2012; Southwell
et al. 2013; McLeod et al. 2015) we hypothesize that
landholders with greater capability, opportunity, and moti-
vation will be more likely to engage in both individual and
group invasive mammal control activities. Our research
builds on anecdotal evidence of nonparticipating landholder
segments that have generally focused on single conceptual
dimensions, such as type of commercial enterprise, property
size, or amount of time spent on the property, by adopting a
segmentation strategy that incorporates a much broader
range of profiling variables based on behavioral capabilities,
opportunities, and motivations. We predict that the profiles
for capability, opportunity, and motivation will not be
uniform across all participants and nonparticipants, and that
multiple audience segments will be present. Identifying
these different profiles will assist practitioners develop
improved interventions to target and boost participation
rates within their own local communities.

Methods

Study Area

This study was conducted within the South West Land
Division and bordering regions of the Rangelands Division
of Western Australia (WA) (Fig. 1). It included landholders
from within each of the four rural Natural Resource Man-
agement (NRM) regions (Northern Agricultural Catchments
NRM, Wheatbelt NRM, South Western Catchments NRM,
South Coast NRM), as well as landholders from the Gas-
coyne, Murchison, and Goldfield-Nullabor sub-regions of
the Rangelands NRM. At the time of the study there was an
estimated adult population of 150,000 within this targeted
area (51% male), with a median age of 53.9 years (Aus-
tralian Bureau of Statistics 2016).

Respondents

Respondents were 731 rural landholders located within the
study area, who owned or resided on a property 10 ha

(25 acres) or greater, and were actively involved in land
management decisions on that property. They were aged
between 23 and 80 years (mean age= 58.2, SD= 11.8,
69% male). These respondents had lived on their properties
from less than one year to 80 years (mean= 30.1, SD=
20.5), with 65% relying on their property for their main
source of income. Mixed farming (cattle, sheep, and/or
cropping) was the main enterprise type recorded (43%)
followed by cattle only (20%), sheep only (12.5%), and
cropping only (12.5%). Other enterprises, including horses,
poultry, pigs, and goats, horticulture and boutique industries
such as grapes, olives, aquaculture, and catering for tourists
made up 6% of the sampled properties, with the remaining
6%, lifestyle or residential blocks (i.e., no enterprise/
income).

Procedure

A random-digit-dial telephone survey, using both landline
and mobile numbers, was conducted in June/July 2016
(response rate 50.1%). We chose a phone survey as it
offered the best way to contact a representative sample of
our diverse target population (Outwater 2011), some who
lived in remote areas that did not have access to reliable
internet coverage (19.8% reported no internet coverage –

Australian Bureau of Statistics 2016). A maximum of 200
landholders were targeted from each of the described
NRM areas.

A questionnaire was created to collect landholders’ per-
ceptions of invasive mammals, their self-reported partici-
pation in a range of individual (i.e., activities conducted
solely on their property in isolation from surrounding
landholders) and group control activities (i.e., activities that
involved coordinating the timing of their activities with
surrounding landholders, and in some cases such as fox
battues, actually participating in activities on other land-
holder’s properties), as well as capability, opportunity, and
motivation behavioral (COM-B) factors that may poten-
tially influence participation in each type of control activity.
Sociodemographic information including age, gender,
property size, enterprise type, and length of residence was
collected from all respondents. The phone survey consisted
of 43 items and took approximately 12 min to complete.

Measures

Landholders were asked how often they had participated in
control activities for five invasive mammal species—wild
dogs, foxes, feral cats, feral pigs, and rabbits—during the
past 12 months, both individually and with a group. All
responses were recorded using a 5-point Likert scale (1=
never, 2= rarely, 3= sometimes, 4= often, 5= very
often).
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We assembled our COM-B questions using factors
identified from two main sources: (1) a review of the pub-
lished literature and (2) the results from semi-structured

interviews of stakeholders involved in wild dog manage-
ment in WA (Howard et al. 2018). A wide range of general
sources were searched as part of the literature review, using

Fig. 1 The study site, showing the five Natural Resource Management regions within Western Australian that were sampled
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the resources detailed below. Electronic searching was
completed using the following databases, catalogs, and
meta-search engines: CAB Abstracts, Dogpile, Google
Scholar, ixquick, Science Direct, Scopus, and Web of Sci-
ence. Searches for publications on statutory and non-
statutory Australian organization websites were included,
such as the relevant Australian State, Territory & Federal
Government environmental and agricultural departments,
NRM, Landcare and PestSmart Connect. Bibliographies of
articles viewed at full text were searched for relevant
additional articles. Although the review focused on Aus-
tralian contexts, the search strategy covered worldwide lit-
erature for the purposes of collecting the broadest scope of
information possible. The stakeholder interviews were
conducted as part of an associated larger ongoing research
project. Forty-one stakeholders, based in the South Coast
NRM were interviewed. These included private and public
land managers, industry facilitators, government officers,
and private pest contractors. Further details of the metho-
dology can be found in Howard et al. (2018).

The perceived severity scores for each of the five inva-
sive mammals were computed by asking landholders rate
the extent to which each animal was considered to be a
problem on their property. Responses were recorded using
the 5-point Likert scale (1= not a problem, 2=minor
problem, 3=moderate problem, 4= severe problem, and 5
= very severe problem). There were 12 further variables
covering the awareness of landholders (general detrimental
impacts of invasive mammals), their capabilities to conduct
the control activities (know-how, skills, cost), the opportu-
nity to conduct the control activities (available time), their
motivations including perceptions about the control activ-
ities (effectiveness and humanness), the perceived outcomes
of the control activities (improved profit and improved
sustainability), and social motivations (perceived biosecur-
ity obligation to control, neighbor participation, and good
manager recognition). All responses were recorded using a
5-point Likert scale (1= strongly disagree, 5= strongly
agree, with three items reversed scored). A copy of the
survey is available in Appendix 1.

Statistical Analysis

Bivariate correlations were calculated to examine inter-
relationships among the main study variables. Stepwise
multiple regression was used to identify the COM-B factors
associated with participation in both individual and group
invasive control activities. Latent profile analysis, using
MPlus 7.0 (Muthén and Muthén 2014), was conducted to
classify respondents into homogeneous subgroups based on
their self-reported participation in various invasive mammal
management activities, as well as to conduct a secondary
profiling analysis to segment nonparticipants based on their

perceptions of the COM-B factors associated with engaging
in control activities for managing invasive mammals.
Relative model fit was assessed using the Bayesian Infor-
mation Criterion (BIC; Schwartz 1978), and relative
entropy (Ramaswamy et al. 1993). In addition, the
Lo–Mendell–Rubin (LRM) likelihood ratio test (Lo et al.
2001) was used to determine whether a given profile solu-
tion fit the data significantly better than the solution in
which one fewer profile group was retained. Demographic
differences across profile groups were tested using one-way
ANOVA and Pearson’s chi-squared test, and effect sizes
were measured using Pearson’s correlation coefficient
(Cohen 1988). Unless otherwise specified, all analyses were
conducted using SPSS v25 (IBM 2017).

Results

Descriptive Statistics

Means, standard deviations, and inter-correlations for the
full sample and all variables are presented in Table 1.
Landholder participation in individual control activities
was strongly correlated with the perceived severity of the
impact from invasive mammals, and moderately correlated
with participation in group control activities. As expected
the two participation variables were generally positively
associated with an increase in the COM-B variables. Most
of these correlations were weak in magnitude
(Cohen 1988).

Segmentation of Full Sample Based on Behavioral
Variables

We conducted an initial latent profile analysis to determine
if landholders could be segmented into distinct groups
based on the extent to which they considered invasive
mammals (wild dogs, foxes, feral cats, feral pigs, and rab-
bits) to be a problem on their property and how they
engaged in individual and group activities to control each of
the species on their properties. Fit indices for the 2 through
6-profile solutions are shown in Table 2. The BIC values
indicated that the fit of the models improved as the number
of segments increased (i.e., the BIC value decreased).
Although the 5-profile solution produced the highest
entropy value (i.e., the highest classification certainty), the
LMR test indicated that this solution did not fit the data
significantly better than the 4-profile solution, hence we
interpreted the 4-profile solution which is presented in Fig.
2. We labeled the four profiles as follows:

● Noncontrollers (n= 363): invasive mammals were not
perceived as a problem. Landholders did not conduct
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any individual or group control activities for any of the
species listed in the survey.

● Individual Controllers (n= 98): invasive mammals were
perceived as a problem, with landholders conducting
most of their control activities independently, not in
association with a group of neighbors/community
members.

● Group Controllers (n= 205): invasive mammals were
rated as a minor problem, with landholders conducting
most of their control activities in association with a
group of neighbors/community members.

● Dual (Individual and Group) Controllers (n= 65):
invasive mammals were perceived as a problem, with
landholders participating in both individual and group
control activities.

The profile groups varied significantly across four of the
demographic variables as indicated in Table 3. Participation
profiles varied by age with landholders in the Non-
controllers profile being older than the other three profiles.
Dual Controllers tended to have the largest property sizes
and Noncontrollers and Individual Controllers, the smal-
lest. Examination of the adjusted standardized residuals
showed that, although the effect size was weak, Non-
controllers were more likely to run cattle only, ‘other’ types
of enterprises, or no enterprise (i.e., residential and ‘life-
style’ blocks), and less likely to run mixed (sheep, cattle,
and/or cropping) or cropping only enterprises. Group
Controllers and Dual Controllers, on the other hand, were
more likely to run mixed enterprises, and less likely to run
cattle only, other types of enterprises, or no enterprise.
Landholders who earned their main income from their
property were more likely to participate in group activities
(Group Controllers and Dual Controllers) whereas those
landholders who earned their main income from off-
property sources were more likely to be Noncontrollers.

COM-B Variables for Participation

Stepwise multiple regression was conducted to identify the
most important COM-B predictors of landholder participa-
tion in individual-level invasive mammal control activities
on their properties. Results from these analyses are sum-
marized in Table 4. Landholders were more likely to engage
in individual control activities if they: (1) perceived the
impacts of invasive mammals to be severe on their property,
(2) believed they had the skill to carry out the control
activities, (3) had the time to conduct the control activity,
(4) believed it was their responsibility as landholders to
conduct control activities (biosecurity obligation), and (5)
aware that invasive mammal impacts were generally detri-
mental. Overall, the final regression model explained 40%
of the variance in participation in individual controlTa
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activities. Perceived severity of negative impacts on their
own property explained 32% of the unique variance in the
regression, skills, time, biosecurity obligation, and general
awareness of detrimental impacts each explained 1%.

A second stepwise regression was conducted to identify
the COM-B factors that associated with group-level parti-
cipation in invasive mammal control activities. Landholders
were more likely to engage in such activities if: (1) they
perceived the impacts of invasive mammals to be severe on
their property, (2) their neighbors also participated in con-
trol activities, (3) they had the know-how to conduct a
group control activity, (4) they valued recognition from
others for being a good manager, and (5) they perceived the
activity would improve their profit. Overall, the final model
explained 12% of the variance in participation in group
control activities. Perceived severity explained 6% of the
unique variance in the regression, neighbor participation
explained 2%, while know-how, good manager recognition,
and profit improvement each explained 1%.

Segmentation of Noncontrollers Based on COM-B
Variables

To develop the most effective policies and engagement
strategies policy makers and engagement specialists need to
know if all landholders who fail to participate in invasive
mammal control are similar. Or whether there are multiple
Noncontroller segments, each with a unique COM-B pro-
file, which would imply that different strategies may be
necessary to elicit increased participation within each
audience segment. We conducted a second latent profile
analysis of this Noncontroller subgroup (n= 363) using
psychological variables associated with predicting partici-
pation in invasive mammal control activities to identify if
any sub-groups existed. Six segments, based on these
COM-B variables, were identified. The fit indices for the 2
through 7-profile solutions are shown in Table 5. A plot of
the BIC values indicated that the curve of best-fit flattened

out between profiles 5 and 6. Although the 5-profile solu-
tion produced the highest entropy value (i.e., the highest
classification certainty), we interpreted the 6-profile solution
given that the LMR test indicated that this solution fit the
data significantly better than the 5-profile solution.

The six Noncontroller segments are depicted in Fig. 3
and are described below:

● Segment 1: Unaware, Unskilled and Unmotivated (n=
30): These landholders were not aware of the general
detrimental impacts of invasive mammals. They lacked
the skills and opportunity to conduct the activities,
perceived no positive benefits of control activities, did
not have neighbors that participated in control, and were
not sure of their biosecurity obligation to control these
animals.

● Segment 2: Aware but Unskilled and Doubtful (n= 5):
These landholders were aware of the general detrimental
impacts of invasive mammals, although they did not
perceive any severe impacts on their property. They
lacked the capability (low know-how and skills) and
opportunity (lack time and cost too great) to conduct the
activities. They acknowledged the positive outcomes in
sustainability that could be achieved from control
activities, but were generally doubtful about the
effectiveness and humaneness of control activities, and
they did not see it as their responsibility (biosecurity
obligation) to participate in control activities. On the
other hand, they did have neighbors that participated in
control and valued social recognition, two factors that

Table 2 Model fit indices for 2 through 6 profile solutions

Profile solution BIC Entropy LMR p

2 4067.47 0.84 357.0 0.001

3 3952.40 0.67 136.29 0.221

4 3797.02 0.82 172.33 0.000

5 3743.51 0.85 76.97 0.576

6 3731.36 0.80 37.12 0.266

Entropy indicates classification certainty; a significant LMR test
indicates that a given profile solution fits the data significantly better
than the solution with one fewer profile groups; the smallest BIC value
indicates the best-fitting model

BIC Bayesian information criteria, LMR Lo–Mendell–Rubin like-
lihood ratio test

Fig. 2 Standardized means of the predictors for participation in inva-
sive mammal management across four profiles. Error bars represent
standard error (±1)
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Table 3 Summary of demographic information for the four participation profiles

Noncontrollers
(n= 363)

Individual Controllers
(n= 98)

Group Controllers
(n= 205)

Dual Controllers
(n= 65)

Group differences

Mean SD Mean SD Mean SD Mean SD F r

Age 59.5a 10.7 55.2b 12.4 55.5b 12.0 52.9b 11.7 10.41*** 0.19

Property area (ha) 5273a 37,493 3739a 20,533 15,028ab 70,663 39,203b 253,324 3.08* 0.10

Years of residence 28.5 20.7 29.2 19.4 33.3 20.9 30.7 18.7 2.52 –

% ZResid % ZResid % ZResid % ZResid χ2 (df) r

Gender: 2.90(3) -

Female 32.0 0.8 34.7 1.0 26.3 −1.5 29.2 −0.2

Male 68.0 −0.8 65.3 −1.0 73.7 1.5 70.8 0.2

Enterprise type: 72.92(15)*** 0.04

Mixed 32.0 −5.8 40.8 −0.4 55.1 4.3 64.6 3.8

Cattle only 25.9 3.9 19.4 −0.2 14.1 −2.5 7.7 −2.6

Sheep only 13.5 0.7 11.2 −0.4 12.7 0 9.2 −0.9

Cropping only 10.2 −1.9 16.3 1.2 14.1 0.8 15.4 0.7

Other 9.9 4.0 5.1 −0.5 2.4 −2.7 0 −2.2

No enterprise 8.5 3.0 7.1 0.6 1.5 −3.2 3.1 −1.0

Main income source: 44.22(3)*** 0.24

Property 54.3 −5.8 61.2 −0.7 79.0 5.1 81.5 3.0

Other 45.7 5.8 38.8 0.7 21.0 −5.1 18.5 −3.0

Means with different subscripts (in rows) differ significantly at p < 0.05 Tukey HSD. r= Pearson’s correlation coefficient; r= 0.30 indicates effect
size is medium, r= 0.10 indicates effect size is small (Cohen 1988). ZResid=Adjusted standardized residual, where ZResid > |2| is significant at p <
0.05

*p < 0.05, ***p < 0.001

Table 4 Summary of multiple regression analysis: COM-B factors predicting participation in individual and group invasive mammal control
activities

Predictors R R2 Adj. R2 B 95% CI for B r sr2

LB UB

Individual control model 0.63* 0.40 0.40

Severity rating 0.60 0.54 0.66 0.59 0.32

Have the skills 0.08 0.04 0.11 0.21 0.02

Have the time 0.07 0.04 0.11 0.13 0.01

Biosecurity obligation 0.05 0.01 0.08 0.10 0.01

Awareness of impacts 0.04 0.01 0.07 0.20 0.01

Group control model 0.35* 0.12 0.12

Severity rating 0.25 0.18 0.32 0.25 0.06

Neighbors participate 0.08 0.04 0.12 0.17 0.02

Have the know-how 0.06 0.01 0.10 0.14 0.01

Seen as good manager 0.05 0.01 0.08 0.09 0.01

Improve profit 0.05 0.01 0.09 0.13 0.01

B unstandardized beta coefficients, r Pearson correlation coefficient, sr2 squared semi-partial correlation (the proportion of unique variance in the
DV explained by a predictor after controlling for the other predictors in the model)

*p < 0.001
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could be used to motivate them in the future. Note that
this segment only contains a small number of land-
holders, so caution is advised when interpreting these
results.

● Segment 3: Unskilled and Time Poor (n= 62): These
landholders were only slightly aware of the general
detrimental impacts of invasive mammals and the
positive outcomes in sustainability that could be
achieved from control activities, but predominantly did
not have the knowledge, skill or time to participate in
control activities.

● Segment 4: Disinterested (n= 140): These landholders
were not acquainted with the general detrimental
impacts of invasive mammals, did not perceive any
severe impacts from invasive mammals on their
property, and were relatively uncommitted in their
views about control activities.

● Segment 5: Skilled but Dismissive (n= 34): These
landholders had the capability to participate in control
activities, but believed that these activities were too

expensive and would not improve the sustainability of
their property. They generally did not have neighbors
that participated.

● Segment 6: Capable but Unmotivated (n= 92): These
landholders were capable to participate in control
activities, and had the opportunity to do so. They
believed there were positive outcomes from the
activities, but did not perceive any severe impacts from
invasive mammals on their property, and were unsure
about their biosecurity obligations.

Demographic information for each of the Noncontroller
profile segments is presented in Table 6. Profile member-
ship varied as a function of age, with landholders in the
Segment 2 (Aware but Unskilled and Doubtful) being older
than the other profiles. Examination of the adjusted stan-
dardized residuals showed that Segment 5 (Skilled but
Dismissive) had significantly more males and fewer females
than expected. Segment 2 (Aware but Unskilled and
Doubtful), Segment 1 (Unaware, Unskilled and

Table 5 Model fit indices for 2 through 7 nonparticipation profile solutions

Profile solution BIC Entropy LMR p

2 14,119.13 0.91 328.69 0.000

3 14,066.76 0.79 133.27 0.540

4 14,029.25 0.83 118.60 0.595

5 13,913.58 0.89 173.44 0.079

6 13,962.49 0.90 33.20 0.016

7 14,018.74 0.90 23.48 0.524

Entropy indicates classification certainty; a significant LMR test indicates that a given profile solution fits the data significantly better than the
solution with one fewer profile groups; the smallest BIC value indicates the best-fitting model

BIC Bayesian information criteria, LMR Lo-Mendell-Rubin likelihood ratio test
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Fig. 3 Standardized means of the COM-B variables for Noncontrollers in invasive mammal management across six psychographic profiles
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Unmotivated) and Segment 3 (Unskilled and Time Poor) all
had slightly more females and fewer males than expected.
Segment 6 (Capable but Unmotivated) had more land-
holders who relied on their property as their main source of
income, while Segment 1 (Unaware, Unskilled and
Unmotivated) had more landholders who relied on off-
property sources of income. Profile membership also varied
significantly across enterprise types with the adjusted
standardized residuals revealing Segment 1 (Unaware,
Unskilled, and Unmotivated) had more other types and no
enterprises than expected, Segment 3 (Unskilled and Time
Poor) had less mixed enterprises than expected, Segment 4
(Disinterested) had less other types of enterprises than
expected, and Segment 6 (Capable but Unmotivated) had a
higher number of mixed enterprises (sheep, cattle and/or
cropping) and fewer cropping only enterprises.

Discussion

In this study, we aimed to better understand why land-
holders participate and fail to participate in activities to
control invasive mammals on their properties. We surveyed
a representative sample of Western Australian landholders,

and found that over half had not implemented any control
strategies for five widespread invasive species (i.e., wild
dogs, foxes, feral cats, feral pigs, and rabbits) in the pre-
vious 12 months. We then assessed a broad range of cap-
ability, opportunity, and motivation (COM) factors to
identify the strongest predictors of participation in invasive
mammal control, and determine whether nonparticipators
were best conceptualized as a single homogeneous group or
as several distinct groups, with unique COM profiles, each
requiring targeted engagement strategies that addressed
their specific needs. Our main findings are summarized in
the next sections, along with a discussion of practical
implications and suggestions for future research.

What Predicts Participation in Individual and Group
Activities to Control Invasive Mammals?

Participation individual control activities

Our analyses revealed that landholders engaged in more
individual control activities if they perceived invasive
mammals to be a serious problem, believed they had the
skills and time to successfully conduct mammal control
activities, and were aware of their biosecurity

Table 6 Summary of demographic information for the six Noncontroller profile segments

Segment 1
(n= 30)

Segment 2
(n= 5)

Segment 3
(n= 62)

Segment 4
(n= 140)

Segment 5
(n= 34)

Segment 6
(n= 92)

Segment differences

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD F r

Age 60.9b 12.2 74.0a 9.7 58.5b 10.7 59.3b 11.2 64.3b 9.7 58.2b 9.4 2.27* 0.03

Property area (ha) 411 833 202 55 908 1860 4294 26515 947 1844 13145 66491 1.21 –

Years of residence 24.8 18.0 35.0 15.4 25.1 18.5 28.7 21.4 35.3 23.7 29.3 20.7 1.35 –

% ZResid % ZResid % ZResid % ZResid % ZResid % ZResid χ2 (df) r

Gender: 12.96(5)* 0.12

Female 43.3 1.5 60.0 1.5 40.3 1.6 30.7 −0.4 11.8 −2.7 30.4 −0.4

Male 56.7 −1.5 40.0 −1.5 59.7 −1.6 69.1 0.4 88.2 2.7 69.6 0.4

Enterprise type: 38.10(25)* 0.13

Mixed 20.0 −1.3 20.0 −0.7 21.0 −2.2 34.3 0.8 29.4 −0.3 41.3 2.2

Cattle only 16.7 −1.4 40.0 1.7 27.4 0.4 28.6 0.9 29.4 0.5 21.7 −1.1

Sheep only 6.7 −1.3 0.0 −0.4 14.5 0.1 12.9 −0.3 11.8 −0.3 17.4 1.3

Cropping only 13.3 0.5 0.0 −0.3 12.9 0.7 10.7 0.3 17.6 1.5 4.3 −2.1

Other 20.0 2.4 40.0 −0.3 12.9 1.2 5.7 −2.1 5.9 −0.8 10.9 0.4

No income 23.3 2.8 0.0 −0.3 11.3 0.8 7.9 −0.4 5.9 −0.6 4.3 −1.7

Main income source: 11.01(5)* 0.15

Property 33.3 −2.4 80.0 0.9 48.4 −0.8 52.9 −0.4 55.9 0.2 65.2 2.4

Other 66.7 2.4 20.0 −0.9 51.6 0.8 47.1 0.4 44.1 −0.2 34.8 −2.4

Means with different subscripts (in rows) differ significantly at p < 0.05 Tukey HSD. r= Pearson’s correlation coefficient; r= 0.30 indicates effect
size is medium, r= 0.10 indicates effect size is small (Cohen 1988). ZResid=Adjusted standardized residual, where ZResid > |2| is significant at p <
0.05

*p < 0.05
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responsibilities under state legislation. Landholders are
unlikely to engage in invasive mammal control activities if
they do not perceive a problem, are unaware of legal
requirements, and lack self-efficacy to correctly implement
control best practices.

Our findings reinforce that the importance of training
workshops and learning communities to improve land-
holders’ skills (e.g., Sewell et al. 2017). For landholders
who identified time as an important limiting factor, the
promotion and demonstration of time-saving practices and
the long-term benefits of control activities may be a priority.
An initial challenge for engagement specialists will be to
capture these time-poor landholders’ attention, using a
range of communication channels and concise, attention
grabbing messages (McKenzie-Mohr 2011; Hine et al.
2015). The use of demonstration sites to model best prac-
tices has also been shown to increase participation (Guerin
and Guerin 1994; Fleming et al. 2006), as have memory
prompts (e.g., fridge magnets, text messages, etc.) that
remind landholder when to engage in control activities
(McKenzie-Mohr 2011; Hine et al. 2015).

Our findings also highlight the importance of initiatives
that educate landholder about their biosecurity responsi-
bility to control invasive mammals. Under the Biosecurity
and Agriculture Management Act 2007 individual land-
holders in Western Australia have an obligation to control
declared invasive species present on their property (Part 2,
Division 3, Section 30). Currently wild dogs, foxes, rabbits
and feral pigs are among the declared species listed under
this Act2. Although “duty to control” has long been a norm
for traditional farming communities, the message seems to
have diminished in recent times with the change in rural
community composition (Klepeis et al. 2009). Engagement
specialists should promote this pro-participation social
norm within their community to increase the voluntary
compliance to this legislative requirement. This could be
done by empowering respected community messengers to
employ social influence techniques from the behavioral
sciences. This work suggests that messages combining
descriptive norms (describing what most landholders do or
what most landholders support) and injunctive norms
(reflecting cultural or community standards about what
actions are appropriate in a given situation) may be an
effective strategy for eliciting behavior change for some
individuals (Cialdini et al. 2006). Recent research by Kal-
nicky et al. (2019) has suggested that these normative
approaches may be most effective for individuals who have
only limited experience with control activities, but less

effective for those who have previously participated and
experienced disappointing outcomes.

Participation in group control activities

As was the case with individual control, the strongest
predictor of participation in coordinated group control
activities was landholders’ perceptions of the severity of
invasive mammal incursions on their own properties. If
landholders did not perceive their enterprise to be currently
under threat, they were unlikely to act in either individual
or group level control activities. It is unclear from our data
whether these perceptions of “no immediate threat” were
accurate or whether they reflect a perception-reality gap in
which invasive mammals are present, but with landholders
failing to recognize their current and/or potential future
impacts.

It is worth noting that even if landholder perception of
“no immediate threat” were accurate, it would still be
beneficial for engagement specialists to educate landholders
about the importance of both individual- and group-level
preventive actions to protect individual properties, and the
broader community, against future incursions (e.g., Niemiec
et al. 2016). On the other hand, if landholder perceptions of
immediate threat are not accurate (i.e., invasive mammals
are present, but for some reason landholders are not aware
of their presence or impacts, engagement strategies that
narrow or eliminate the gap between reality and perception
would be required. This could entail local demonstration
projects that use camera or GPS technology to highlight
invasive mammal movements (e.g., Mitchell et al. 2009), or
predation impacts (e.g., Hernandez et al. 2018).

Beyond perceptions of immediate threat, we also iden-
tified four additional factors that predicted participation in
coordinated group activities to control invasive mammals.
First, landholders were more likely to participate in group
activities if their neighbors also participated in such efforts.
This, once again, highlights the potential power of social
influence (Cialdini et al. 2006) in driving behavior. Land-
holders are more likely to engage in desirable behaviors,
such as coordinated group control, if their peers are engaged
in similar actions.

Second, landholders who valued being perceived, by
their peers, as competent land managers were more likely to
participate in group control activities. This suggests that a
platform for the public recognition of individual participa-
tion might help sustain the interest in group activities and
encourage future actions (McKenzie-Mohr 2011). Aside
from acknowledging their achievements, engagement spe-
cialists might also reward the group as a whole for parti-
cipation, or provide feedback on landholder’s progress, and
constructive advice for continuous improvement (Hine et al.
2018).

2 Feral cats are not yet listed in the Act. However the Western Aus-
tralian Environmental Minister endorsed the National declaration of
feral cats as pests in 2015, paving the way for this species to be listed
in the near future
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Third, we found that participation in group activities was
predicted by landholders’ confidence in their understanding
of how to conduct group-led activities. This suggests that
some landholders may avoid coordinated group-control
initiatives if they are concerned about their competence to
successfully complete such initiatives. This may be parti-
cularly relevant to newcomers in an area, or individuals
living on lifestyle blocks who may have limited experience
in pest management. Training materials need to be pro-
moted across a broad range of communication networks to
ensure that all landholders within a target area are aware of
training and control activities. Activities just for newcomers
or a particular segment may be beneficial to allow these
people to feel comfortable and not judged (for example, an
introductory shooting course for pest animal destruction and
livestock euthanasia aimed at women on farms). Promo-
tional materials should emphasize benefits to the whole
community, and not focus solely on traditional message
frames that emphasize economic loss or gains. Although
such message frames may be effective for motivating
landholders who rely on their properties for their primary
source of income, they may be less effective for lifestylers
who often have somewhat different values and priorities
(Klepeis et al. 2009; Low Choy and Harding 2010).

Typology of Nonparticipators Based on Capability,
Opportunity, and Motivation

We conducted an audience segmentation analysis to docu-
ment and better understand the level of heterogeneity
amongst landholders who did not participate in any indi-
vidual or group invasive mammal control activities during
the past 12 months. Our analysis revealed that “non-
participators” did not constitute a single homogeneous
group. Six segments were identified each characterized by a
unique combination of capabilities, opportunities and
motivations: (1) Unaware, Unskilled and Unmotivated, (2)
Aware but Unskilled and Doubtful, (3) Unskilled and Time
Poor, (4) Disinterested, (5) Skilled but Dismissive, and (6)
Capable but Unmotivated. The identification of distinct
segments of nonparticipators has important implications for
engagement specialists. Given each segment had a unique
COM profile, a more targeted engagement approach is
required that takes each segment’s unique needs into
account.

An important initial goal for engaging those landholders
in the Skilled but Dismissive, Disinterested and Unaware,
Unskilled and Unmotivated segments would be to increase
their awareness of the invasive mammal problems in their
region. The challenge for engagement specialists will be to
capture these audiences’ attention, and provide information
that is interesting and relevant, given that many of the
individuals rely on off-property sources of income. The

selection of the best persuasive communication techniques
(such as message framing, emotional content, local mes-
sengers, narratives) and communication channels (such as
social and printed media, local businesses, word-of-mouth,
community events, road-side signs) to deliver, and reinforce
their messages will be important (McKenzie-Mohr 2011;
Michie et al. 2014; Hine et al. 2015); McLeod et al. 2017).
For example, one possibility would be to identify a range of
common social or leisure activity networks in which some
of the nonmotivated landholders were engaged, such as
sports, gardening clubs or even the local pub. Messages
could be framed around the adverse impacts that invasive
mammals have on these interests (Low Choy and Harding
2010), or alternatively motivated landholders or ‘cham-
pions’ could pass on relevant information through informal
discussions with other members (e.g., Atherley 2006, Pint
of Science 2019).

Members of those segments that were identified as not
having the knowledge, skill or time to participate in control
activities (e.g., Unskilled and Time Poor, Aware but
Unskilled and Doubtful3 and Unaware, Unskilled and
Unmotivated) would benefit from basic education and
training using actionable instructional information (i.e.,
information that explicitly directs the user about what to do
next) (Halvorson and Rach 2012), to increase their under-
standing of control methods, enhance their skills, and boost
their confidence and self-efficacy. The provision of specific
support and/or technologies to target female interests might
be beneficial (e.g., McGowan 2011). Those landholders in
the Aware but Unskilled and Doubtful segment that were
doubtful about the effectiveness and humaneness of certain
control activities would require information about the full
range of control options to take into account their pre-
ferences (e.g., Subroy et al. 2018). Given members in this
segment also tended to be older than other groups, the
provision of additional support and/or technologies to
overcome physical limitations commonly associated with
increasing age might also be beneficial.

Several motivational interventions that have been dis-
cussed in the previous section would be applicable across
many of the nonparticipatory segments. Engagement stra-
tegies for the landholders in the Capable but Unmotivated
and Aware but Unskilled and Doubtful segments could
boost motivation by increasing awareness of the invasive
mammal problems, and their legal obligations to manage
such animals. Members of these segments often had
neighbors who participated in control activities, therefore it
would be beneficial to supplement general education efforts
with social normative pressure by highlighting current

3 As the segment Aware but Unskilled and Doubtful only contained a
small number of individuals, generalizations of this group beyond this
study should be done with caution.
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efforts by neighbors and the broader community commit-
ment to invasive mammal control. Landholders in Aware
but Unskilled and Doubtful segment, along with land-
holders in the Skilled but Dismissive segment, valued social
recognition, so an approach that formerly acknowledges
participation and control-related achievements may be a
useful motivation tool. In addition, landholders in the
Skilled but Dismissive segment, who believed control
activities were too expensive and would not achieve any
positive gains for both profit and sustainability, may be
further motivated by the provision of information on the
benefits and cost-effectiveness of control options. Providing
on-going monitoring and feedback about impacts of control
work on incursions, and associated economic and ecological
indicators can be an effective way to keep these landholders
engaged.

Limitations and Future Research

This study employed a relatively large, representative
sample of Western Australia landholders. However, gen-
eralizations beyond the sampling frame should be made
with caution, in particular for the segments with only a
small number of members. In addition, although we asses-
sed wide range of behavioral predictors of landholder par-
ticipation in invasive mammal control, the list was not
comprehensive. Reviews of the social and health psychol-
ogy literatures on behavior change (e.g., Darnton 2008;
Michie et al. 2013) suggest other factors are important
determinants of human behavior—such as values, habits,
emotions—that were not directly addressed in our study.
Practical limitations associated with the length of phone
surveys prevented us from assessing a more comprehensive
list of predictors.

The research described in this study represents a starting
point for further work aimed at developing more effective
invasive mammal management communication and beha-
vior change interventions. Michie et al. (2011) COM-B
model provided a practical, intuitive tool for engagement
specialists to increase their understanding of behavior in
context and design interventions that are most likely to be
effective. However, it is important to acknowledge that
behavior change is not a static process. For example, in the
Transtheoretical Model, Prochaska et al. (1992) describe
five distinct stages that individuals move through as they
progress from unawareness for a need for change (Pre-
contemplation) to growing awareness (Contemplation),
deciding action is required (Preparation), adopting the new
behavior (Action), then continuing to perform the behavior
(Maintenance). Given that COM-B does not identify where
individual landholders fall within the change process, future
should investigate the feasibility of combining COM-B with
the stages of change model to determine which specific

drivers and barriers operate at each stage. This would help
engagement specialists to design interventions that sys-
tematically guide landholders through the change process.

Also, it is important to acknowledge that applying COM-
B is no “quick fix”. Significant effort is required to organize
and evaluate potential COM factors, and understand how
these factors vary across context. An important next step is
to develop and evaluate intervention strategies specifically
designed to address the needs of each group. More speci-
fically there is a need to improve our understanding of:

1. Relevant COM factors for different invasive mammal
species and contexts

2. Which intervention tools are most effective for
encouraging participation in invasive mammal control
activities, and under what conditions.

3. The effectiveness of different delivery modes, in
particular online vs face to face.

It is all too often the case that scientifically credible
evidence about the effectiveness of a particular intervention
is lacking. The effectiveness of behavior change interven-
tions should be rigorously evaluated against program goals,
using scientifically sound methods, such as treatment and
control groups, random assignment and the use of appro-
priate statistical tests, to determine whether the intervention
made a difference and worked as intended (Murnane and
Willet 2010). Human behavior change is a complex process
and the knowledge about what works in what contexts will
be gained iteratively through a continuous loop of learning
and improvement. This will only be achieved by researchers
and engagement specialists sharing their knowledge and
expertize.

Conclusion

Although it is widely recognized that invasive mammals
pose a considerable threat to agriculture, biodiversity, and
community health, many landholders (over 50% in our
sample) fail to engage in recommended control activities.
We identified how landholder engaged in individual and
group activities, and the COM factors that strongly pre-
dicted this participation. Most importantly, we showed that
those landholders who do not participate in control activities
were not a single homogeneous group. Within our sample
of Western Australian landholders we identified six seg-
ments, each characterized by a unique combination of
capabilities, opportunities and motivations. Understanding
these behavioral differences will allow engagement spe-
cialists to not only make strategic decisions regarding which
audience segment to target, but also the means to design
evidence-based engagement interventions.
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Appendix 1– Copy of Survey Questions

1. Is your property mainly used for (read out)

Cattle
production

1 Mixed farming 5 Lifestyle 9

Dairy 2 Dryland
cropping

6 Residential 10

Sheep
production

3 Irrigated
cropping

7 Other: 11

Other livestock: 4 Boutique
enterprise:

8 Specify
___________

Specify
___________

Specify
___________

2. Is your property your main source
of income?

Yes 1 No 2

3. How long have you lived on your
property?

_____________ years

4. To what extent do you consider … (from list below) to
be a problem on your property—on a scale of 1 to 5, where
5= a very severe problem, 4= severe problem, 3= a
moderate problem, 2=minor problem, 1= not a problem at
all?

Not a
problem

Minor
problem

Moderate
problem

Severe
problem

Very
severe
problem

a.
Wild dogs

1 2 3 4 5

b. Foxes 1 2 3 4 5

c.
Feral cats

1 2 3 4 5

d.
Feral pigs

1 2 3 4 5

e. Rabbits 1 2 3 4 5

5. In the past how often have you conducted individual
activities to manage… (from list below) on your property—
on a scale of 1 to 5, where 5= very often, 4= often, 3=
sometimes, 2= rarely, 1= never?

Never Rarely Sometimes Often Very often

a. Wild dogs 1 2 3 4 5

b. Foxes 1 2 3 4 5

c. Feral cats 1 2 3 4 5

d. Feral pigs 1 2 3 4 5

e. Rabbits 1 2 3 4 5

6. In the past how often have you participated in orga-
nized group activities with neighbors and other community
members to manage … (from list below)

Never Rarely Sometimes Often Very often

a. Wild dogs 1 2 3 4 5

b. Foxes 1 2 3 4 5

c. Feral cats 1 2 3 4 5

d. Feral pigs 1 2 3 4 5

e. Rabbits 1 2 3 4 5

7. People give many reasons why they do or don’t
conduct pest animal management activities. I am going to
read out a list of these reasons. Please tell me to what extent
to you agree or disagree with each statement—on a scale of
1 to 5, where 5= strongly agree and 1= strongly disagree.

Disagree Agree

a. I do not know the
best methods to control

1 2 3 4 5 NA
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Table (continued)

Disagree Agree

pest animals on my
property
b. I do not have the skill
to carry out pest animal
management activities
correctly

1 2 3 4 5 NA

c. I do not have the time
to carry out pest animal
management activities
when they are required

1 2 3 4 5 NA

d. It is too expensive to
conduct pest animal
management activities

1 2 3 4 5 NA

f. Most of my neighbors
do not control pest ani-
mals on their properties

1 2 3 4 5 NA

g. In my community,
landholders are
expected to control pest
animals on their
properties

1 2 3 4 5 NA

h. Managing pest ani-
mals will not improve
the profitability of my
enterprise

1 2 3 4 5 NA

i. Managing pest ani-
mals will not improve
the long-term sustain-
ability of my property

1 2 3 4 5 NA

j. I do not think that the
impacts of animals
labeled as pests are as
bad as they are made
out to be

1 2 3 4 5 NA

k. I believe pest animal
control methods are
inhumane

1 2 3 4 5 NA

l. I seem to be wasting
my time as the pest
animals always
come back

1 2 3 4 5 NA

m. Controlling pests
and caring for my land
are inseparable

1 2 3 4 5 NA

1 2 3 4 5 NA

Table (continued)

Disagree Agree

n. I control pest animals
for the recognition I get
for being a good land
manager

And just to finish off.

8. Can I just
check your age
range – are you

18–29 1 50–59 4

30–39 2 60–69 5

40–49 3 70+ 6

declined 7

9. Gender (record
automatically)

Male 1 Female 2
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