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Abstract Quantifying attitudes towards invasive
alien species (IAS) is fundamental to understanding
the extent to which conservation scientists agree and
can collaborate in their management. We tested the
IAS Management Attitude scale (IMA), a shortened
version of the Pest Management Attitude Scale, origi-
nally invented to quantify attitudes towards pests in
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New Zealand, as a tool to quantify broader attitudes
towards IAS among bioinvasion experts in Italy. We
administered an online questionnaire to a sample of
experts working on biological invasions in Italy. We
collected 316 answers, both from conservation prac-
titioners (26.6%) and researchers (73.4%), and we
used structural equation modeling to test for the psy-
chometric properties of the scale and compare atti-
tude scores between groups. The scale showed both
a good reliability (Cronbach’s alpha=0.7), validity
(CF1=0.99, TLI=0.99, SRMR =0.03, RMSE =0.02)
and measurement invariance, when comparing
researchers and practitioners, as well as when com-
paring respondents working on different invasive
taxa. Both researchers and practitioners, as well as
respondents of a different age, had similar attitudes
about TAS and their management. Our study shows
that this shortened version of PMA scale, a sim-
ple scale originally conceived to measure attitudes
towards invasive alien mammals, could indeed be
used to quantify the attitudes of experts towards IAS,
even in countries where the public debate about bio-
logical invasions is much more recent than in New
Zealand. The scale could potentially be used both for
large-scale and long-term research about the attitudes
of experts about IAS.
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Introduction

Invasive alien species (hereafter, IAS) are one the
fundamental conservation threats worldwide, yet
their management is complex, as it requires collabo-
ration between different stakeholders (Liu and Cook
2015; Crowley et al. 2017; Shackleton et al. 2019).
For instance, it often requires a sound agreement
between experts, which can be researchers, prac-
titioners or policymakers (Novoa et al. 2020; Vaz
et al. 2017; Gbedomon et al. 2020; Shackleton et al.
2022). Like laypersons, experts agree, and eventu-
ally decide to collaborate about a certain issue, due to
important and interdependent intrinsic factors, such
as anthropomorphism, ideology, perceived moral
obligations, value orientations or trust (Heeren et al.
2016; Bruskotter et al. 2019; van Eeden et al. 2019;
Manfredo et al. 2020a, b; Schroeder et al. 2021), or
because of extrinsic factors, such as their affiliation to
different agencies and institutions.

Collaboration is also driven by individual thoughts
about a specific issue. Explicit attitudes (hereafter,
attitudes), are a parsimonious and clear approach to
summarize these thoughts (Manfredo 2008). Atti-
tudes are an association, in memory, of an evalua-
tion with an object: if people have a positive evalua-
tion when asked about a certain issue, we would say
that they have a positive attitude towards it. Attitudes
allow people (i) to understand if a certain object is
consistent with their own goals, (ii) to express their
own values and (iii) to facilitate social relationships,
three scopes that are fundamental for collaboration
(Manfredo 2008).

In research about personal networks, which can
also be used to represent professional collaboration,
attitudes are recognized as a key component of value
homophily (McPherson et al. 2001). For example,
research conducted in healthcare demonstrated that
experts holding similar attitudes towards a certain
issue have been found to be more willing to collabo-
rate, even when they are from different backgrounds
(Mascia et al. 2013, 2015). Therefore, in conserva-
tion biology developing reliable, and widely appli-
cable, attitudinal scales is paramount for measuring
a key driver of collaboration between experts over a
specific topic (Dietsch et al. 2016; Gbedomon et al.
2020; Whitehouse-Tedd et al. 2021).

To date, various studies have developed psycho-
metric scales to measure attitudes towards one or
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more IAS in specific circumstances, often within
management or eradication programs (e.g., Sibe-
rian chipmunk Eutamias sibiricus in Northern Italy:
Cerri et al. 2020; feral llamas Llama glama in Central
Italy: Gargioni et al. 2021; see Kapitza et al. 2019 for
a review). However, fewer tried to develop broadly-
applicable attitudinal scales, to measure overall
beliefs about IAS and their management, similarly to
what has been done for other psychological constructs
(e.g., wildlife value orientations, Manfredo et al.
2009). This gap needs to be addressed: biological
invasions are one of the most important, and fastest-
evolving, conservation issues globally (Bellard et al.
2016) and there is a growing need for studies map-
ping what conservation actors think about IAS across
large spatial scales, and even how these thoughts
evolved through time (Young and Larson 2011).

Aley et al. (2020) proposed the Pest Management
Attitude (hereafter, PMA) scale as a reliable and
valid tool to quantify attitudes towards pest species
and their management, among the general public in
New Zealand. The scale is based on the new ecologi-
cal paradigm (hereafter, NEP) scale (Dunlap et al.
2000; Dunlap and Van Liere 2008) and on a literature
review about pest management, and it was initially
conceived for measuring support towards the control
of pest vertebrate species in New Zealand (Russell
et al. 2015). However, the scale, although initially
conceived for the general public, covers many key
issues related to the management of biological inva-
sions and its application could become a valuable
tool to measure attitudes about IAS and their control
across experts in biological invasions worldwide.

In this study we provided the first application
of a shortened version of PMA scale in a European
country. Over the past few decades, awareness of the
impact of alien and invasive species on conservation
biology has significantly increased in Europe (Deh-
nen-Schmutz et al. 2018; Liptak et al. 2024). This rise
in awareness can be attributed to the effectiveness of
media communication, coupled with an increase in
European projects, which have prioritized outreach as
a key objective and a project milestone (Browne et al.
2009; La Morgia et al. 2017; Lioy et al. 2019). Europe
hosts a unique native biodiversity and a number of
biodiversity hotspots to be preserved (de Jong et al.
2014; Iannella et al. 2020; Trew and Maclean 2021).
Thus, the substantial increase in alien and invasive
species across the European continent occurred since
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the early 2000s, together with the heightened public
consciousness of the importance of native biodiver-
sity, and the objectives of the EU Green New Deal
have all contributed to making the issue of alien spe-
cies even more pressing (Huang et al. 2011; Mormul
et al. 2022; Menchetti et al. 2024). Among European
countries, Italy—one of the most invaded (Haubrock
et al. 2021)—has seen a steady increase in attention
towards biological invasions, as well management
initiatives and research since the approval of the first
national legislative decree about IAS in 2017 (Legis-
lative Decree no. 230/2017).

In this context, we administered the scale to a
sample of experts (n=322) working on IAS in Italy
and tested its reliability and validity, altogether with
its measurement invariance between different groups
of respondents. We compared the scores of research-
ers versus practitioners, as these two groups some-
times have different backgrounds and personal expe-
riences that, sometimes, could lead them to diverge
in their attitudes towards wildlife. We also compared
respondents that had worked on a single taxonomic
group of IAS, versus respondents that had worked
on different taxonomic groups. This distinction was
made because respondents working on a single group
of TAS could have worked on the topic for a short
period of time and therefore have evolved different
attitudes, from people with prolonged professional
experience of biological invasions. Then we also
tested if the age of respondents, a potential anteced-
ent of attitudes towards IAS, which are a relatively
new topic in conservation biology (Campbell and
Simberloff 2022), was associated with attitude scores.
As conservation topics have a somewhat transient
importance (de Oliveira et al. 2023; Jari€ et al. 2023),
and IAS are a relatively new topic for Italian conser-
vationists, we hypothesized that younger respondents
could have had higher scores than older ones.

Materials and methods

Experts were identified by (i) checking available
studies carried out on IAS, since the early 2000s,
(i1) identifying people involved in major conserva-
tion projects about IAS that were carried out in Italy
(e.g., LIFE ASAP LIFE15 GIE/IT/001039; e.g., LIFE
STOPVESPA, LIFE14/NAT/IT/001128; e.g., Interreg
Maritime ALIEM https://interreg-maritime.eu/web/

aliem), (iii) from personal knowledge of authors of
the study and (iv) by asking other researchers to nom-
inate some colleagues. This led to a final list of 580
experts that included both people within the research
community (which were classified as research-
involved, hereafter “researchers’’), as well as people
working in private companies for environmental con-
sulting and pest control, or in environmental agencies
(classified as “practitioners”). In particular, we clas-
sified as “researchers’’ only who have been involved
in at least one scientific publication, thus including
students and technicians.

Then, 525 experts were invited, between Novem-
ber and December 2020, to complete an online
questionnaire on GoogleForms (see Appendix 1
in the Supplementary Information). The question-
naire was confidential and asked them 7 questions
from the original PMA scale that had been selected
as they were deemed to be suitable for measuring
attitudes about IAS management in Italy (Table 1).
Answers were based on 7-points bipolar scales, ask-
ing respondents to indicate the extent to which they
agreed with a series of statements, from “totally disa-
gree” to “totally agree”.

We used a shortened version of the Pest Manage-
ment Attitude (PMA) scale, initially conceived as a
12- items scale and later refined to a final set of nine
statements by Aley et al. (2020). The shortened ver-
sion proposed in this study was firstly adapted to
Italian context by translating it into Italian and by
replacing the term “pest species” with “invasive alien
species”. Since the focus of our study was intended
on IAS, such a change was necessary in order to
avoid confusion in responses. Indeed “pests” term
also includes native taxa, e.g., the wild boar, the star-
ling and the magpie, which exert damages to crop and
human wellness in general (e.g. Sorace 2001; Chiron
and Julliard 2013; Brogi et al. 2020; Viviano et al.
2023). Furthermore, we avoided using the term “pest”
for its negative connotation, which may bias people
towards perception, hindering objective assessment
of alien species impact. After piloting (N=38) the
9-items version of the scale with this adaptation, we
further refined it by removing two of the nine items
that sounded either unclear or ambiguous once trans-
lated in Italian and referred to the management of
IAS in Italy, particularly those that were not mam-
mals. Notably, we removed the statements: “Native
species have greater rights than do pest species”, and
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Table 1 Overview of the main item of the shortened PMA scale

Code Item

Nature conservation (NC)

Invasive alien species are a significant conservation problem. (“Le specie aliene invasive sono una

minaccia rilevante per la conservazione della natura’)

Costs and benefits (CB)

The benefit of invasive alien species control outweigh the risks to native species (“I benefici derivanti

dal controllo delle specie aliene invasive superano i danni che questo puo comportare per le specie

autoctone”)

Next generations (NG)

Investment in invasive alien species control is beneficial for future generations (“Un investimento

serio nel controllo delle specie aliene invasive andrebbe a vantaggio delle prossime generazioni’)

Not a priority (NP)

Invasive alien species control is less important than other conservation issues (“Il controllo delle

specie aliene invasive é meno urgente di altri problemi legati alla conservazione della natura’)

Collateral damages (CD)

Invasive alien species control has unknown side effects (“Il controllo delle specie aliene invasive puo

avere effetti collaterali imprevedibili”)

Interference with nature (IN) Invasive alien species control interferes with nature (“II controllo delle specie aliene invasive interfer-

isce con la natura™)
Enough control (EC)

Not enough invasive alien species control is being done already (“Fino ad oggi, non é stato fatto

abbastanza per controllare le specie aliene invasive”)

Original items are from Aley et al. (2020), but the term “invasive alien species” is used instead of “pest”. Translations in Italian lan-
guage are in square brackets. The code of each item is used in Figs. 1 and 2

“Today’s pest-control methods are NOT proven to be
effective”. To better identify the professional back-
ground of respondents, the questionnaire also asked
participants to indicate whether they had worked on
invasive alien mammals, birds, amphibians, reptiles,
freshwater fish, freshwater invertebrates, terrestrial
invertebrates, plants or marine organisms through a
series of dichotomous questions. Finally, the ques-
tionnaires also asked respondents if they had partici-
pated in some specific conservation project for IAS.
Questionnaires took about 5-7 min to complete. We
also collected the age of each respondent based on
publicly available information, or by directly asking
through email.

We used Cronbach’s alpha to measure the reliabil-
ity of the scale, and confirmatory factor analysis to
assess its validity. We tested if a solution with a single
latent variable showed a good fit to the data, express-
ing overall attitudes towards IAS, as suggested by
Aley et al. (2020), through modification indexes and
chi-square testing of nested models (Beaujean 2014).
Due to the non-normal distribution of item scores, we
used a robust Satorra-Bentler estimator. Moreover,
we also tested measurement invariance (configural,
weak and strong invariance) to see whether the scale
had the same structure between different groups of
experts, and could be used to really compare attitudes
between groups. Due to the low number of responses
(see Results), it was not possible to compare experts
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that had worked on different taxonomic groups (e.g.
terrestrial vertebrates versus plants). Finally, we
tested if the age of respondents affected their score
through structural equation models.

Results

We collected answers from 316 respondents (60%
response rate). Most respondents worked on invasive
alien plants (52.7%), mammals (44.1%), terrestrial
(38.8%) and freshwater invertebrates (34.8%), fresh-
water fish (32.3%), marine organisms (26.7%), birds
(22.7%), reptiles (20.1%) and amphibians (15.8%).
73.4% respondents were researchers, while 26.6% of
them worked as conservation practitioners in private
companies or environmental agencies. Respondents
had an age of 44.04 +12.97 years (mean +s.d.).

The scale showed good reliability (Cronbach’s
alpha=0.7). Confirmatory factor analysis also
showed a good fit to the data, already when a basic
model without groups was specified (CFI=0.99,
TLI=0.99, SRMR =0.03, RMSE=0.02). Moreover,
the scale showed strong measurement invariance,
both when comparing researchers to conservation
practitioners, and when comparing respondents that
had worked on different taxa with respondents that
had focused on one single taxonomic group. A model
without constraints on its parameters performed just
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as well as a model with constrained loadings between
groups (weak invariance) and a model with con-
strained loadings and intercepts (strong invariance),
both when we compared the difference in the T-statis-
tics of nested models and when we compared alterna-
tive fitness indexes (see the Supplementary Informa-
tion, Appendix 2).

When we compared scores between groups, we did
not notice differences between the attitudinal score
of practitioners and that of researchers, nor between
the score of experts that had worked on a single taxo-
nomic group and those working on different taxo-
nomic groups of IAS (Fig. 1).

This lack of difference was confirmed by the fact
that multi-group CFA models were not significantly
different from a basic CFA without groups, both in
their t-statistics and their fitness indexes. Moreo-
ver, factor loadings of the various items were quite
similar between groups (Fig. 2). Overall, beliefs
about the importance of IAS control in conserva-
tion (NC), and the importance of IAS control as an
action capable to benefit future generations (NG),
were the items most strongly associated with the
scores. Conversely, beliefs about the possibility of
collateral damages from IAS control (CD) were
the least predictive item (Fig. 2). Finally, age did
not seem to affect attitude scores. A model where
“age” predicted the scores was not better than the
basic CFA model, and the slope of age in the SEM
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Fig. 2 Comparison of factor loadings. Upper panel: between
respondents working on a single or on multiple taxonomic
groups of IAS. Lower panel: between respondents with a dif-
ferent background, namely conservation practitioners and
researchers. Acronyms are explained in Table 1

model had a small effect size (Appendix 2). Over-
all, participants supported the idea that managing
IAS was important, as highlighted by Z-scores of
the latent variables that were positive (Fig. 1). A
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complete overview of the distribution of answers to
the various questions is available in Appendix 3.

Discussion

Our study was the first one testing for the applicabil-
ity of a general attitudinal scale to quantify attitudes
towards IAS in a geographical context which is very
different from the one where such scale was origi-
nally proposed (Aley et al. 2020).

The PMA scale was originally designed to meas-
ure attitudes towards IAS in New Zealand, a coun-
try where the control of invasive alien vertebrates
is well-integrated into the political agenda (Russell
et al. 2015). We showed that a shortened version of
the PMA scale could also be used to measure atti-
tudes towards IAS from experts in biological invasion
research living in a European country, where the his-
tory of biological invasion management is much more
recent, a finding that we deem both encouraging and
important.

Our results indicated that the scale was both valid
and reliable for our respondents. Even if our sample
included experts in biological invasions, attitudes are
often context-dependent and embedded into a cer-
tain culture and geographic context (Manfredo 2008;
Heberlein 2012; Shackleton et al. 2022). Therefore,
experts in IAS control working in Europe could well
have had partially different beliefs from people in
New Zealand: our results indicate that this does not
seem to be the case. The various items of the scale
were well-associated to overall attitude scores, a find-
ing that was promising for future application of the
scale, considering that experts worked on very dif-
ferent groups of IAS, each one characterized its own
impacts, invasion history and control methods.

There were also no strong differences between
respondents with different professional backgrounds,
or different experience in biological invasion
research: the scale worked equally well for conser-
vation professionals and researchers, as well as for
experts that had worked on one or more IAS. This
second point was even more non-trivial, because atti-
tudes are partially embedded into personal experi-
ence and differences in wildlife-related attitudes are a
well-known cause of attrition between policymakers,
professionals and researchers in areas such as wildlife
management (Manfredo et al. 2008).
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The use of a broadly applicable attitudinal scale,
to measure beliefs about IAS and their control, paves
the way for large-scale, and long-term, research about
conservation experts working on biological inva-
sions. For example, this management attitude scale
could detect differences between conservationists
working in different countries, or being character-
ized by different cultural backgrounds, similarly to
other well-known scales (e.g., the wildlife value ori-
entation scale, Manfredo et al. 2009). Studies of this
kind can be extremely important to facilitate trans-
boundary collaborations in IAS management, often a
challenging issue (Prasanna et al. 2022). At the same
time, it would be possible to test if constructs, such
as social norms (Bicchieri 2016) or value orienta-
tions, affect attitudes towards IAS differently across
cultures and countries, or to detect country-specific
differences between stakeholders. Large-scale maps
of attitudes towards IAS and their control can also
be produced, similar to what has been done in North
America for wildlife value orientations (Manfredo
et al. 2020a), with the goal of identifying areas where
attitudes and awareness of conservation stakehold-
ers can be improved through tailored communication
campaigns.

Moreover, a widely applicable attitudinal scale
could also be used to measure how the perceived
importance that conservation scientists attach to
biological invasions can change through time. Top-
ics in conservation biology are not static in time,
but they also change with existing beliefs and para-
digms (Anderson et al. 2021). Although over the last
few decades researchers became increasingly aware
of TAS and their impacts (Campbell and Simberloff
2020), as biotic communities become more homog-
enized it might happen that they would perceive IAS
as part of invaded ecosystems (the “shifting baseline
syndrome”, Clavero 2014), with potentially important
repercussions on their management.

Of course, our study was limited to experts work-
ing on bioinvasion research. Our sample was not rep-
resentative of the whole Italian population and our
findings cannot be compared to those of Aley et al.
(2020). However, our psychometric scale showed some
interesting properties, like invariance, validity and reli-
ability, that were non trivial in a European context, as
attitudes and values depend upon culture, and European
countries, like Italy, have a much more recent history
in biological invasions (Menchetti et al. 2024). If these
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properties were confirmed in future studies with larger,
and representative samples of European respondents,
the IAS Management Attitude scale could become a
valuable tool for research and management in biologi-
cal invasion science. Therefore, future studies could
either administer the IAS Management Attitude scale
to other relevant conservation stakeholders (e.g., envi-
ronmental agencies staff, policymakers) or to the resi-
dent population of Europe, and see if these properties
still hold. Probably, at least in some European coun-
tries, public awareness of biological invasions might be
significantly lower than in New Zealand, where public
policies for bioinvasions date back to various decades
ago. Nevertheless, comparing different European coun-
tries could be useful to design strategies for the large
-scale outreach of biological invasions.

Conclusions

We found that the IAS Management Attitude scale, a
shortened version of PMA scale, originally proposed to
measure attitudes towards invasive pests in New Zea-
land, could also be used to measure attitudes towards
IAS in a European country, at least among experts and
practitioners working on biological invasions. This
finding paves the way for large-scale, or long-term,
quantification of attitudes towards invasive alien spe-
cies and their management in Europe. Moreover, this
study further encourages the application of the IAS
Management Attitude scale in other countries, in an
attempt to understand if it could be a broadly applicable
tool for cross-cultural studies in the conservation social
sciences.
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