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Abstract
1.	 Decisions on whether and how to manage introduced species can be contro-

versial, but public attitudes towards introduced species management (ISM) are 
poorly understood. Despite the potential disruptive impacts of such controver-
sies on public relations and conservation goals, decision-makers are currently 
left with little information on the social acceptability of different management 
alternatives.

2.	 To better understand the social acceptability of core features of ISM in the United 
States, we conducted an online experiment with vignettes describing hypotheti-
cal but realistic ISM scenarios, varying targeted taxon (insect or plant), control 
method (mechanical, chemical and biological), risk severity (low and high) and 
type of non-target risk (to humans or native species).

3.	 Not surprisingly, management with low risk was most acceptable, particularly for 
mechanical control. In high-risk scenarios, only mechanical control was accept-
able, but only by a slim majority of respondents. Overall, chemical and biological 
controls showed low levels of acceptability.

4.	 Surprisingly, there was no significant difference in how respondents ranked risks 
to people and risks to native species.

5.	 Beyond differences in acceptability between management factors, we also find 
that the acceptability of management and attitudes towards risk were associated 
with respondents' demographic characteristics.

6.	 Policy Implications. Overall, our findings indicate that widespread acceptability 
of ISM should not be assumed. While management activities representing low-
risk scenarios find some support in the public, our results highlight a disconnect 
between the effectiveness of common management methods and their social 
acceptability. Our findings highlight the need for evidence-guided ISM, which 
includes evidence of harmful impacts of introduced species, as well as risks and 
benefits of management activities, as one potential way to increase the social ac-
ceptability of non-native species management.
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1  |  INTRODUC TION

Non-native species in the United States (US) are frequently managed 
on public lands, with public money, and for public benefits, making 
the public key stakeholders. Management decisions without wide-
spread public support may face opposition, delays, modifications or 
be abandoned altogether (Crowley et al., 2017; Estévez et al., 2015). 
Controversies in conservation, including over non-native species, 
often stem from conflicting values among individuals and stake-
holder groups (Bruskotter et al., 2019; Estévez et al., 2015; Redpath 
et  al.,  2015). Such controversies can erode trust in management 
agencies (Crowley et  al.,  2017; Pomeranz et  al.,  2021) and under-
mine conservation goals. Yet social dimensions of non-native spe-
cies management are under-studied (Estévez et  al.,  2015), limiting 
evidence-based decision-making that acknowledges both biological 
effectiveness and social acceptability.

Human-assisted biological invasions occur when species are 
transported (accidentally or purposefully) from their current range 
to a new environment where they are not native (Davis, 2009). This 
process unfolds in stages and species need to overcome multiple en-
vironmental and ecological filters (Figure 1). Most of the non-native 

species that arrive in a new environment actually fail to establish, 
and of those that initially establish and grow, many fail to natural-
ize, that is, create self-sustaining, reproducing populations. Of those 
that naturalize, some thrive and expand their range from initial intro-
duction areas, and they may become abundant in local ecosystems. 
Those non-native species that naturalize and become harmful by 
affecting native species, ecosystems, human well-being or the econ-
omy are considered invasive (Figure 1), but the distinction between 
introduced and invasive species has become blurred and scientists 
disagree on terminology (Richardson, 2011).

There is considerable scientific evidence that invasive spe-
cies can be harmful to nature and nature's contribution to people 
(IPBES, 2023), but perceptions of invasive species, and of the lan-
guage used to characterize non-native species, can vary widely 
(Shackleton et  al.,  2019), even within the scientific community 
(Davis et al., 2011; Guareschi et al., 2024; Sax et al., 2022; Soto 
et al., 2024). Part of the complexity that makes biological invasions 
a wicked problem (Woodford et  al.,  2016) is the enormous vari-
ation in introduced taxa (from microbes, to insects, to plants, to 
birds, to fish, to mammals, etc.) and their ecological niches (decom-
posers, herbivores, parasites, diseases, predators, etc.), causing a 

K E Y W O R D S
accountability, biological control, chemical control, experimental vignettes, introduced species, 
management, mechanical control, social acceptability

F I G U R E  1  Key components describing introductions of non-native species, their impacts, terminology and management goals. Vertical 
dashed lines represent abiotic (climate, soils, etc.) and biotic (natural enemies, competitors, etc.) filters that reduce the numbers of species 
able to establish, naturalize, spread or achieve high abundance. Only a subset become ‘invasive’ requiring documentation of moderate, 
major or massive harmful negative impacts by some (IPBES, 2023), but not all (Richardson, 2011), classification schemes. Eradication is 
possible only in very early stages of invasion; once populations grow and ranges expand, management goals shift to containment, population 
reduction and asset protection. Some species pass through filters in reverse order, that is, their abundance and impacts become smaller over 
time, often associated with accumulation of natural enemies or diseases. Please note that we avoid problematic terminology, such as ‘alien’ in 
our description (Guareschi et al., 2024).
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wide variation of potential and realized impacts. Impacts can vary 
according to how different stakeholders are affected and through 
time, reflecting a mix of scientific evidence and value judgements 
and creating intense disagreements about which non-native spe-
cies should be managed and how (Bruskotter et al., 2019; Estévez 
et al., 2015; Redpath et al., 2015).

In the US, federal agencies are charged with preventing poten-
tially harmful introductions and attempting early eradications, but as 
residence time and abundance of non-native species increase, state 
agencies, NGOs and individual landowners are mostly responsible 
for containment and abundance reductions (Figure  1). Introduced 
species management (ISM) aims to prevent or reduce harmful im-
pacts of non-native species. Preventing introductions in the first 
place and then attempting eradications appears well justified follow-
ing the precautionary principle (Minteer & Collins, 2005). However, 
engaging in ISM after a species is well established (Figure 1) reflects 
a belief that the non-native species is causing harm, and that risks 
associated with management are smaller compared to risks of not 
managing. Unfortunately, for the vast majority of non-native spe-
cies we have extremely limited or no published evidence for their 
ecological impacts (Blossey,  1999; Davis et  al.,  2011; Simberloff 
et  al.,  2013; Vilà et  al.,  2024). Even for well-studied species, doc-
umented impacts can range from negative, to neutral, to beneficial 
(Tasker et al., 2022). Non-native species may cause harm, but the 
evidence base is extremely limited, and further complicating the 
issue is that some species decline over time after reaching high 
abundances, often in response to accumulating natural enemies 
(Blossey et al., 2021). Moreover, ISM often fails to document bene-
fits to native species (Kettenring & Adams, 2011).

ISM managers thus operate in an environment where informa-
tion about the impacts of non-native species, how management 
affects non-target species, or whether management improves 
conditions for native species is highly uncertain. These uncertain-
ties and perceptions of their associated risks may affect public 
attitudes regarding the three classes of interventions available 
to managers: mechanical (mowing, cutting and trapping), chem-
ical (herbicides and insecticides) and biological (natural enemy 
enhancements or purposeful releases). Although biological and 
chemical controls require federal and state approval before they 
can be applied at all, their use remains controversial (Barratt 
et  al.,  2018; Crowley et  al.,  2017; Simberloff & Stiling,  1996). 
Concerns about non-target risks of chemicals are widespread 
as evidence of detrimental effects on species, food webs and 
human health continues to accumulate (Blossey, 2016; Gunstone 
et  al.,  2021; Mikulyuk et  al.,  2020; Schulz et  al.,  2021). Modern 
pesticides now widely used in ISM are promoted as more selec-
tive and less toxic than older versions, but this may be misguided 
(Schulz et al., 2021). Despite early successes in the early 20th cen-
tury, enthusiasm for biocontrol has waned in the US, associated 
with some non-target effects of non-specific predators or herbi-
vores, increased regulatory burdens and prolonged development 
times (Barratt et al., 2018; Schwarzländer et al., 2018; Simberloff 
& Stiling, 1996). Mechanical control often does not require federal 

or state pre-approval except for place-based applications, such as 
in protected areas.

All management activities have inherent (but often unknown or 
undocumented) risks that may be perceived very differently by dif-
ferent individuals. To better understand social acceptability of ISM 
in the US, we conducted an online experiment investigating 24 real-
istic but hypothetical ISM scenarios varying targeted taxon (insect 
or plant), control method (mechanical, chemical and biological), risk 
severity (low and high) and non-target risk (to human well-being or 
native species). We restricted our experiment to non-native plants 
and insects. This allowed us to avoid confounding influences, such 
as the charisma of species or emotional triggers associated with 
birds or mammals that may affect the acceptability of their man-
agement (Jarić et al., 2020; Verbrugge et al., 2013). We were also 
purposefully general in our vignettes and did not specify particular 
species, places, habitats, specific threats by introduced species or 
specific risks of management. This allowed us to decouple our study 
from potential local effects, cultural differences (urban vs. rural) 
or other characteristics that can influence respondents' attitudes 
(Shackleton et  al.,  2019). We anticipate that our general assess-
ments can form the basis of more advanced specific investigations 
probing how respondent's attitudes and behaviours are shaped by 
their specific life experiences. We expected acceptability to vary 
depending on target taxa (Lute & Attari, 2017), control method, risk 
severity and non-target risks. We expected management would be 
less acceptable in high- versus low-risk scenarios, and when non-
target risk was to human well-being rather than native species. 
Lastly, we expected interactions among experimental variables, and 
between respondent's demographic characteristics and experimen-
tal variables, would help explain acceptability of management ac-
tions (Table 1, Table S1 provide a complete list of predictions).

2  |  METHODS

We constructed experimental vignettes (Atzmüller & Steiner, 2010)—
short, plain-language, written descriptions of realistic invasion sce-
narios and proposed management actions. All vignettes shared 
a common structure and differed only in the four experimental 
factors (taxon, control method, risk severity and type of non-
target risks). A full factorial design comprised 24 unique vignettes 
(2taxon × 3control method × 2risk severity × 2type of non-target risks) (Figure  2, 
Table  S2). Each vignette included a statement that managers be-
lieved a particular management action will improve the described 
situation. We measured respondents' agreement that it would be ac-
ceptable for managers to take a particular course of action (hence-
forth: acceptability) using a 7-point bipolar Likert scale ranging from 
‘strongly disagree’ through ‘neither agree nor disagree’ to ‘strongly 
agree’ with an additional option of ‘I do not know’. We described 
management actions using plain language instead of jargon (e.g. ‘in-
troducing a species of insect’ instead of ‘biocontrol’; ‘applying chemi-
cals’ instead of ‘chemical control’) and avoided potentially emotive 
terms such as ‘invasive.’
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    |  1467SIMMONS et al.

TA B L E  1  List of predictions tested in the online experiment.

Tested experimental variables Prediction

Taxon Management of insects will be more acceptable than management of plants

Method Mechanical control will be more acceptable than chemical control, and biological control will be least 
acceptable

Risk severity Low risk will be more acceptable than high risk

Non-target risk Risks to native species will be more acceptable than risks to human well-being

Risk severity × political score High-risk management will be more acceptable to conservatives than liberals

Risk severity × land ownership High-risk management will be more acceptable to individuals owning large tracts of land compared to those 
owning little or no land

Risk severity × Latin origin High-risk management will be more acceptable to those not of Latin origin compared to those of Latin origin

Risk severity × childhood 
landscape

High-risk management will be more acceptable to individuals who grew up in rural settings than to those who 
grew up in urban settings

Risk severity × income High-risk management will be more acceptable to wealthier individuals than to less wealthy individuals

Risk severity × age High-risk management will be more acceptable to younger than older individuals

Risk severity × gender High-risk management will be more acceptable to men than women

Risk severity × education High-risk management will be more acceptable to individuals with less formal education than individuals with 
more formal education

Method × region score Chemical and biological control will be more acceptable to individuals from the western US. compared to those 
from the eastern US

Method × education Biological control will be more acceptable, whereas chemical control will be less acceptable for individuals with 
more formal education compared to individuals with less formal education

Method × political orientation Chemical control will be more acceptable to conservatives than liberals

Non-target risk × political score Risks to native species will be more acceptable to conservatives than liberals

Non-target risk × gender Risks to human well-being will be more acceptable to men than women

Note: All predictions specified as main or interaction effects in the full model. For a list of references guiding our predictions, see the supplemental 
materials. Predictions supported by our results are highlighted in bold.

F I G U R E  2  Experimental design, illustrated by two example vignettes. Underlined sections of vignettes show where text was 
manipulated. All other text was standardized across all 24 vignettes (see Table S2 for a list of all vignettes).
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We hired Qualtrics® to recruit 1234 adults (18+ years) living 
in the US, stratified to approximate the US population by age and 
region of residence (www.​census.​gov), and direct them to our on-
line instrument (Table S3). We randomly pre-sorted vignettes into 
six groups of four and randomly assigned one group to each partic-
ipant, generating 4936 responses. To prevent priming effects, we 
randomized the order of vignettes within each group. Before launch-
ing the study, we pre-tested the instrument with colleagues (n = 6) 
and incorporated input into the final instrument. We used data on 
respondent completion times from a soft launch (n = 240) to estab-
lish a minimum time threshold (<0.5 of the median time (min: 2 min; 
median 4 min)), which we then used to eliminate ‘speeders’ from our 
data set. For the final data set, we removed responses from two in-
dividuals because they reported not living in the US as well as all ‘I 
do not know’ responses to the response variable (total responses 
removed = 209) leaving 4727 (95.7%) responses from 1212 respon-
dents (98.2%) (Table S4). This research was approved by the Cornell 
University Institutional Review Board (protocol #2006009647), and 
all respondents provided informed written consent prior to complet-
ing the survey (Table S3).

We fitted a cumulative link mixed effects model in R (R Core 
Team, 2022) using the ‘ordinal’ package (Christensen, 2022) to de-
termine which factors were significant (p < 0.05) in explaining ac-
ceptability of proposed management actions. In our global model, 
we included all four experimental factors and their possible two-
way and three-way interactions. We also included main effects of 
all measured demographic variables (gender, age, Latin origin, in-
come, education, political orientation, land ownership, childhood 
landscape; see demographic questionnaire, Table  S3), and tested 
13 two-way interactions between experimental factors and demo-
graphic variables for which we had specific predictions based on a 
range of existing evidence (Table 1, Table S1). For land ownership, 
we collapsed the two largest ownership categories into a single cat-
egory due to the small number of respondents. We included a ran-
dom effect to account for multiple responses from each respondent. 
We reduced models through sequential backward model elimination 
with pairwise comparisons, testing nested models against the full 
global model with likelihood ratio tests until no non-significant terms 
remained. We tested model terms for collinearity but could not val-
idate all assumptions, including the proportional risk assumption, 
due to unreliability of methods for ordered logistic regression mod-
els with a random effect. We ran an ANODE (Type III) to evaluate 
effects of all main and interaction terms. We calculated and tested 
marginal means using ‘emmeans’ (Lenth,  2023) from the reduced 
model to explore differences in acceptability between levels of fac-
tors identified as significant by ANOVA.

3  |  RESULTS

Acceptability of management actions varied across our 24 experi-
mental conditions (Figures 3 and 4). In our best-fit model, each of the 
four experimental factors significantly predicted the acceptability of 

management actions, though risk severity only became significant in 
interactions with demographic variables (Table 2, Table S5). Taxon, 
control method and non-target risks were involved in significant 
two- and three-way interactions.

Within control methods, non-target risk, risk-severity and tar-
geted taxon affected acceptability most frequently for biological 
control (10/28, 10 significant differences of 28 pairs of comparison 
within biological control; see Table S6 for a list of all Tukey compari-
sons) and chemical control (10/28) and least frequently for mechan-
ical control (7/28). Where differences were significant, they always 
involved high- versus low-risk scenarios, with low risk always having 
greater support.

Patterns of acceptability were not statistically different within 
high- or low-risk scenarios. Significant differences in acceptability 
only occurred in comparisons involving mechanical control, with me-
chanical control always being more acceptable than the alternative. 
Attitudes towards biological and chemical controls did not differ 
significantly from each other, regardless of taxon targeted or associ-
ated non-target risks.

Comparing within non-target impacts, acceptability was always 
significantly lower for biological and chemical relative to mechanical 
control, regardless of taxon targeted. Acceptability only separated 
for biological and chemical controls in comparisons to mechanical 
control across non-target impacts. When biocontrol targeted plants 
and involved risks to human well-being, acceptability was signifi-
cantly lower than mechanical control of either plants or insects with 
risks to native species. In identical comparisons between chemical 
and mechanical control, acceptability did not differ.

All demographic predictors except residence by US Census 
Region were significant predictors of acceptability of ISM, and po-
litical orientation, land ownership, Latin identity, age, gender and 
education were involved in significant interactions with risk factors 
(Table 2, Table S5; Figure 5). In high-risk scenarios, acceptability of 
management declined significantly with age (Tukey test, difference 
−0.02 [SE] 0.003, p < 0.0001) and was lower for women than men 
(Tukey test, difference [SE] −0.55 [0.12]) and for non-Latin respon-
dents relative to those with Latin origin (Tukey test, difference [SE] 
−0.55, [0.18]; Figure  5). Respondents owning 10+ acres (~4.05 ha) 
found high-risk management significantly more acceptable than 
those who owned no land (Tukey test, difference [SE] 1.00 [0.24]) 
or less than an acre (Tukey test, difference [SE] 1.14, [0.23]), as did 
respondents who grew up ‘very urban’ compared to ‘slightly rural’ 
(Tukey test, difference [SE] 0.79 [0.21]; Figure 5). Contrasts between 
levels of education and political identity were only significant across 
risk severities, with lower acceptability for high-risk management. 
An additional significant interaction between non-target risks and 
gender also affected acceptability of management (Table S5). When 
risks were to human well-being, management was less acceptable 
to women than men (Tukey test, difference [SE]: −0.54 [0.11]) but 
when risks were to native species, there was no gender difference in 
acceptability. Women's acceptance of management with risks to na-
tive species was significantly greater than when risks were to human 
well-being (Tukey test, difference [SE]: 0.54 [0.08]), a difference that 

 25758314, 2025, 6, D
ow

nloaded from
 https://besjournals.onlinelibrary.w

iley.com
/doi/10.1002/pan3.70053 by M

ontana State L
ibrary, W

iley O
nline L

ibrary on [09/09/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://www.census.gov


    |  1469SIMMONS et al.

F I G U R E  3  Acceptability of mechanical (Mech), chemical (Chem) and biological (Bio) control of non-native plants (P) and insects (I) 
affecting native species or human well-being in high- and low-risk scenarios. Each bar represents one of 24 experimental treatment 
combinations of managed taxon, control method, risk severity and non-target risk. Bars show distribution of responses and percentages 
coloured by disagreement (browns, left), indifference (grey, middle) and agreement (greens, right).

F I G U R E  4  Predicted acceptability of introduced species management actions described in experimental vignettes. Each point represents 
one of 24 experimental treatment combinations of managed taxon, control method, risk severity and non-target risk. Data show parameter 
estimates (log-odds ratios) with 95% CI error bars from our reduced model. Larger y-values indicate greater acceptability.
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1470  |    SIMMONS et al.

was not significant for men (Tables S5 and S6 list complete model 
results).

4  |  DISCUSSION

Our findings suggest that many current ISM practices have limited 
acceptability by the US public, even when risk levels are low. This 
low acceptability stands in stark contrast to claims that non-native 
species are a major driver for global biodiversity loss, creating harm-
ful economic, ecological and human health impacts and negatively 
affecting nature's contribution to people globally (IPBES,  2023). 
Based on our results, public support for management actions target-
ing non-native species cannot be assumed. This raises fundamental 
questions about drivers shaping public attitudes regarding the man-
agement of non-native species, justifications for targeting certain 
taxa and choice of management options.

Traditional justifications for conservation using concepts of 
intrinsic value of species and nature have been criticized for an 

‘inattention to human well-being’ (Kareiva & Marvier,  2012). The 
expectation of those championing a more human-centric argumen-
tation is that an increased focus on ecosystem services, or nature's 
contributions to people, would result in increased public support 
for conservation (Kareiva & Marvier,  2012), but effectiveness of 
this approach has been questioned (Admiraal et al., 2017). Reported 
links between introduced species and risks to humans can drive 
news coverage and online searches (Woodworth et al., 2023), but 
we found that concerns of management potentially harming native 
species were equally strong as impacts affecting human well-being. 
Our results point to a greater societal concern for the fate of na-
tive species than generally acknowledged and may be consistent 
with evidence showing a shift from utilitarian value orientation to 
more ecocentric or mutualistic views of nature and wildlife in the US 
(Manfredo et al., 2021) affecting attitudes regarding management of 
non-native species (Minteer & Collins, 2005).

Concerns of the public over the well-being of non-native species 
appear amplified when mammals are targeted, for example, cats or 
horses (Marra & Santella, 2016; Scasta et al., 2020). However, this 
is not always the case, for example, when non-native mammal con-
trol is expected to benefit native mammals (Bremner & Park, 2007). 
We purposefully avoided lumping different non-native taxa in our 
vignettes because we expected attitudes to vary depending on 
whether the non-native targets were plants, invertebrates, fish, 
birds or mammals (Bremner & Park, 2007). We recognize that envi-
ronmental value orientations of our respondents may influence their 
attitudes (Sharp et al., 2011), but we did not measure them, and fu-
ture work would need to examine how such value orientations may 
affect support for management actions targeting different but spe-
cific taxa in specific locations. We acknowledge that demographic 
factors (age, gender, land ownership, Latin origin, etc.) can influence 
respondents' attitudes (but see Steele & Pienaar, 2021) and find sup-
port that these characteristics can mediate attitudes, but our data 
show that attitudes towards management also vary independently 
of these factors.

What we are left with is an astonishing gap between the dis-
course and emphasis in national and international bodies such as 
the US National Invasive Species Council (https://​www.​doi.​gov/​
invas​ivesp​ecies​) or The Intergovernmental Science-Policy Platform 
on Biodiversity and Ecosystem Services (IPBES) (IPBES, 2023) and 
what people are willing to accept to manage non-native species 
and their impacts. The non-native plant and insect targets, meth-
ods of management and risks we describe in our vignettes were in-
tentionally general to allow sampling across the entire US, and it is 
likely that with increasing specificity participants may provide dif-
ferent answers. However, each management program takes place 
in a unique socio-ecological context, and details of what is being 
managed, why, how and where will likely be perceived differently 
by different (local) stakeholders. Our generalized and hypothetical 
management vignettes were not designed to capture such local dy-
namics, but rather to document baseline acceptability for the basic 
building blocks of management programs. ‘Sharpening’ vignettes to 
specific local conditions and being more detailed about impacts of 

TA B L E  2  Analysis of deviance output of reduced ordinal mixed 
model for predicting social acceptability of introduced species 
management.

Variable LR χ2 DF p

Taxon −0.002 1 1.000

Method −0.002 2 1.000

Non-target risk −0.002 1 1.000

Risk severity −0.002 1 1.000

Gender −0.002 2 1.000

Age −0.002 1 1.000

Latin identity −0.002 1 1.000

Income 11.267 1 <0.001

Education −0.002 4 1.000

Political identity −0.002 7 1.000

Land ownership −0.002 3 1.000

Childhood landscape −0.002 7 1.000

Taxon × method −0.002 2 1.000

Taxon × non-target risk 0.001 1 0.980

Method × non-target risk −0.001 2 1.000

Risk severity × political identity 22.110 7 0.002

Risk severity × land ownership 13.741 3 0.003

Risk severity × Latin identity 9.374 1 0.002

Risk severity × childhood 
landscape

19.909 7 0.006

Risk severity × age 35.917 1 <0.001

Risk severity × gender 8.774 2 0.012

Risk severity × education 16.622 4 0.002

Non-target risk × gender 12.138 2 0.002

Taxon × method × non-target risk 6.980 2 0.030

Note: Variables with bold text indicate statistical significance (p < 0.05).
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the targeted introduced species, the means of control and specific 
ecological or human health outcomes may offer a powerful tool for 
further dissecting the complexities of public attitudes.

Limited knowledge about the impacts of invasive species by 
the public may explain the low acceptability of ISM since the main 
justification for the control of introduced species is the expected 
negative impacts on the economy, human health or native spe-
cies and ecosystems (Pyšek et al., 2020; IPBES, 2023; Figure 1). 
Yet, despite decades of research, quantitative evidence of invasive 
species impacts is equivocal and is focused on a biased subsam-
ple of introduced species (Blossey, 1999; Simberloff et al., 2013). 
For example, a 2024 review of field impacts of introduced plant 
species in Europe (Vilà et al., 2024) summarizes results from 266 
publications reporting 4259 field studies on 104 invasive species 
in 29 European countries. This seems like an impressive accumu-
lation of evidence, but a third of these publications focused on 
just five species, and significant negative impacts were docu-
mented in only 26% of the field studies. Furthermore, there are 
at least 5136 non-native plants in Europe (Haubrock et al., 2023), 
thus evidence of impacts is available for 2% of them, and harmful 
effects do not seem widespread (Vilà et al., 2024). Extrapolating 
from what we know and generalizing that non-native plants repre-
sent major threats seems problematic. Even the evidence we have 

for well-studied species appears contradictory in different meta-
analyses. For example, evidence of impacts for several non-native 
aquatic plant species on other plants, fish or invertebrates ranged 
from negative to neutral to beneficial (Tasker et al., 2022), far from 
claims of widespread negative impacts. We do not suggest that 
non-native plants do not have impacts, but published evidence for 
these impacts is equivocal and not as clear and strong as com-
monly suggested.

Misinterpretation of available evidence and a general lack of evi-
dence limit managers' ability to convey the need for invasive species 
management. What we do not know is how detailed information 
on specific impacts of non-native species may affect responses 
to our vignettes. Other studies have documented that increased 
knowledge about harmful impacts increases willingness to endorse 
management activities and even participation (Seboko et al., 2024; 
Steele & Pienaar, 2021). However, we lack convincing evidence that 
awareness campaigns about harmful effects of non-native species 
can make a difference (Haley et  al.,  2023). Moreover, information 
transfer itself does not necessarily affect perceptions or change be-
haviours (Dawson et al., 2024; McLeod et al., 2015). It may be equally 
important to assess whether efforts to promote public support for 
ISM should emphasize a different framing (Guareschi et al., 2024). 
For example, Haley et al. (2023) advocate for the use of ‘benchmarks’ 

F I G U R E  5  Acceptance of high- (red) and low (black)-risk management as a function of (a) gender, (b) Latin origin, (c) age, (d) land 
ownership and (e) childhood landscape, which significantly interact with non-target risk level. Data are parameter estimates (log-odds ratio) 
from our reduced model, and error bars represent 95% CI. Larger y-values indicate greater acceptability.
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or ‘metrics’ that include relevant biological information on popula-
tion growth rates or abundance to emphasize outcomes. Providing 
ecocentric justifications, such as improvements in the well-being of 
native species, can increase acceptability even of lethal management 
(Bremner & Park, 2007; Dawson et al., 2024; Hare et al., 2021).

Unfortunately, a pervasive lack of outcome assessments after 
management of non-native species perpetuates the disparity be-
tween the extent of management and the uncertainty of what is 
being achieved, in terms of both suppressing target species and 
impacts on non-target organisms (Blossey,  1999; Kettenring & 
Adams,  2011; Rinella et  al.,  2009). In our view, this widespread 
uncertainty about impacts for the majority of non-native species, 
combined with a lack of evidence regarding assumed benefits of 
management, undermines the ability of the public and independent 
scientists to assess risks of non-native species and risks associated 
with different ISM management techniques (Blossey et  al.,  2018; 
Hoffmann et al., 2019), or potential trade-offs. More broadly, uncer-
tainty associated with evidence gaps can contribute to misinforma-
tion, polarized social attitudes and misplaced conservation efforts 
(Ford et al., 2021), providing fertile ground for continued social con-
troversies and may constitute a major problem for the lack of accept-
ability of ISM by the public we document. Further work is needed to 
evaluate whether and what types of evidence may be persuasive in 
changing public attitudes.

We do not consider it likely that people do not care about the 
protection of nature—plenty of other work has demonstrated that 
they do (Admiraal et al., 2017; Manfredo et al., 2021; van den Born 
et al., 2001). However, despite available academic and general infor-
mation, people may not recognize, or be aware of, whether and how 
specific non-native species may affect their daily lives and livelihoods 
(Haley et al., 2023; Seboko et al., 2024; Steele & Pienaar, 2021). This 
limited ability of individuals to accurately perceive the impacts of non-
native species, if they materialize, may also drive mismatches between 
their biodiversity preferences and the impact of those preferences on 
the need for, or tools chosen to manage. Our respondents preferences 
could also indicate that they thought we should not interfere and man-
age the abundance of species at all (de Groot et al., 2011), but we did 
not include this option in our vignettes. Our investigation was not de-
signed to capture these nuances, but it is also possible that for our re-
spondents, perceived risks of available treatment options outweighed 
the negative impacts of non-native species.

We find greatest public support for mechanical control (Figures 3 
and 4). Our findings are in line with others who reported similar pref-
erences for, or least opposition to, mechanical control compared to 
chemical or biological control (Bremner & Park, 2007). Our vignettes 
did not specify the type of mechanical treatments, which may range 
from simple uprooting of plants to clipping, mowing, chainsaws, or 
even bulldozers (Figure 6). We would expect that different mechan-
ical treatment options would elicit quite different responses based 
on levels of associated disturbances. For example, removal of street 
trees in urban quarantine zones to manage Asian long-horned bee-
tle, Anoplophora glabripennis (Haack et al., 2010), is likely to elicit a 
different response compared to hand pulling of herbaceous plants 

in an urban park. However, while widespread, mechanical con-
trol has a very limited ability to control populations of non-native 
species beyond early establishment phases, for example, in plants 
(Kettenring & Adams, 2011) or insects, where it is often combined 
with other chemical treatments (Liebhold et al., 2016; Mackenzie & 
Larson, 2010). Thus, benefits of mechanical control to native species 
largely remain speculative and unverified.

Application of chemicals to manage non-native insects and plants 
is the most preferred and widespread method managers deploy, and 
their use has increased substantially in the past decades (Köhler & 
Triebskorn, 2013). This popularity of chemicals may be partially ex-
plained by the success achieved in suppressing large, albeit local, pop-
ulations of many species. However, such efforts need to be repeated 
frequently and may impose severe additional stress on native species 
that are rarely recognized (Kettenring & Adams, 2011). Chemical con-
trol can be used successfully in the eradication of small populations of 
non-native species in early establishment phases (Quirion et al., 2018). 
But even with repeated efforts, chemicals are often insufficient for 
managing widespread introduced species (Martin & Blossey, 2013). 
Our respondents show a general aversion to these treatments, a 
continued trend of social discomfort towards this method which first 
coalesced in US environmentalism of the 1960s following the publi-
cation of Rachel Carson's Silent Spring (Carson, 1962). The withdrawal 
of many products no longer deemed safe for humans or the environ-
ment and documentation of widespread negative impacts to wildlife 
and human health (Chagnon et al., 2015; Köhler & Triebskorn, 2013; 
Schulz et al., 2021) may explain our respondent's aversion towards 
chemical treatments. However, more specific work is needed to 
probe whether reduced toxicity, or documentation of benefits asso-
ciated with treatments, can make a difference in the acceptability of 
chemical controls.

Biological control, introduction of natural enemies, can result in 
self-sustaining, cost-effective suppression for widespread invaders, 
yet public support for this method is narrow and limited to low-risk 
scenarios. Specifically, modern weed biocontrol programs have an 
enviable track record of extremely rare and minor non-target im-
pacts (Blossey et  al.,  2018; Hinz et  al.,  2019), but the practice re-
mains poorly understood by scientists and managers not involved in 
biocontrol. For example, among European researchers and manag-
ers working with non-native species, the perceived risk of biocontrol 
was greatest for those with ‘little knowledge’ of the topic (Marchante 
et al., 2023). Furthermore, successful biocontrol programs also fade 
from attention since there is no longer a need for constant inter-
vention and populations of non-native species are greatly reduced. 
However, as in other ISM programs, biocontrol programs also rarely 
provide long-term outcome assessments, which may limit their fa-
vourability rating in our survey (but see Blossey et al., 2024).

Our work provides a snapshot of public attitudes towards ISM, 
but our survey was not designed to answer questions regarding 
how values of respondents are formed, or how risk perceptions of 
different species and risks associated with specific control meth-
ods are derived or influence respondent's attitudes. We also do 
not know whether improved collection and dissemination about 
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impacts of non-native species or of outcomes of management activ-
ities on native species and human health may affect acceptance of 
management. We acknowledge that differences in how individuals 
and groups perceive personal and collective risks and benefits of 
introduced species and their management will depend not only on 
available information but also on how that information is framed, 
who delivers the message (Sauer et  al.,  2021), and whether spe-
cific management actions correspond with individuals values, atti-
tudes, beliefs and perceived social norms (Kaplan et al., 2022; Kidd 
et al., 2019; Niemiec et al., 2016; Woodford et al., 2016). However, 
the status quo of choosing treatments without documentation of 
impacts of target non-native species, and documentation of bene-
fits treatments may deliver seems impossible to retain given public 
opposition. We hypothesize that improved documentation and com-
munication of ecological information on non-native species and their 
management may lead to shifts in social acceptability of ISM (Novoa 
et al., 2017). We encourage funders and managers to engage in the 
development of assessment methods to address evidence gaps and 
understanding of how public attitudes towards introduced species, 
their ecological risks and risk perceptions of different species and 
management practices are formed. A combined approach that in-
cludes work on ecological benchmarks and additional research on 
human dimensions of ISM, such as risk communication, message 
framing (Kidd et al., 2019) and embedding these ideas in human be-
haviour change research (Steele & Pienaar, 2021) may help managers 

anticipate, plan for, avoid and/or respond to future controversies. 
Without this information, the ability to counter false preconceptions 
remains weak, with selective representation in the media, and a pub-
lic discourse of controversy at times dominated by those with little 
factual knowledge (Light et al., 2022).
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F I G U R E  6  Possible range of tools deployed in mechanical, chemical or biological control targeting non-native plants or insects. The 
spatial scale of application for mechanical and chemical increases from very localized (<1 m2) to large treatment areas (>10 ha). This is not 
applicable to biocontrol because insects that establish self-sustaining populations can reproduce and disperse from the original point of 
release. Artist credits of icons from thenounproject.com.: top rows (L–R): weeding (Akbar), pruning shears (Azam Ishaq), trimming trees (BSD 
studio), lawn mower (Sergi Delgado), bulldozer (kareemovic). middle row: syringe (SAM designs), insecticide (Kiselki), pesticide applicator and 
crop duster (Luis Prado). bottom row: ichneumon wasp (lcogenix), pests (Amethyst Studio).
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