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Abstract
1.	 A large number of non-native trees (NNTs) have been introduced globally and 

widely planted, contributing significantly to the world's economy. Although some 
of these species present a limited risk of spreading beyond their planting sites, a 
growing number of NNTs are spreading and becoming invasive leading to diverse 
negative impacts on biodiversity, ecosystem functions and human well-being. To 
help minimize the negative impacts and maximize the economic benefits of NNTs, 
Brundu et al. developed eight guidelines for the sustainable use of NNTs glob-
ally—the Global Guidelines for the Use of NNTs (GG-NNTs).

2.	 Here, we used an online survey to assess perceptions of key stakeholders to-
wards NNTs, and explore their knowledge of and compliance with the GG-NNTs.

3.	 Our results show that stakeholders are generally aware that NNTs can provide 
benefits and cause negative impacts, often simultaneously and they consider that 
their organization complies with existing regulations and voluntary agreements 
concerning NNTs. However, they are not aware of or do not apply most of the 
eight recommendations included in the GG-NNTs.

4.	 We conclude that effectively managing invasions linked to NNTs requires both 
more communication efforts using an array of channels for improving stakeholder 
awareness and implementation of simple measures to reduce NNT impacts (e.g. 
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1  |  INTRODUC TION

Non-native species, also referred to as alien species, are those 
species whose presence in a region is attributable to human activ-
ities that have enabled them to overcome dispersal barriers that 
define their natural range (Roy et  al.,  2023). Invasive non-native 
species, those non-native species that spread in their new ranges, 
can cause negative ecological and socio-economic impacts. 
Addressing these impacts requires effective management actions 
and cooperation between stakeholders. However, the manage-
ment of invasive non-native species can lead to conflicts, particu-
larly when stakeholders benefiting from non-native species differ 
from those bearing the costs. These conflicts can hinder the im-
plementation of management actions and strategies. Therefore, 
achieving workable invasive non-native species management 
actions relies, to a large extent, on support from relevant stake-
holders (Ford-Thompson et al., 2012; García-Llorente et al., 2008; 
Reed et  al.,  2009). Engaging stakeholders in the management 
of non-native species can help identify valuable knowledge and 
practices, promote awareness, social learning and cooperation, 
increase mutual trust, reach consensus, gain support and formu-
late management programmes (Novoa et  al.,  2018; Shackleton, 
Adriaens, et al., 2019).

The need for engaging stakeholders to effectively manage non-
native species is increasingly recognized (Shackleton, Adriaens, 
et  al.,  2019; Shackleton, Richardson, et  al.,  2019) and is, for ex-
ample, stipulated by the Convention on Biological Diversity (e.g. 
CBD/COP/15/L.12, 13 December 2022), the European Strategy on 
Invasive Alien Species (Genovesi & Shine, 2004) and several national 
and regional non-native species management strategies around the 
world (Government of Canada,  2004). Stakeholder engagement is 
crucial when non-native species that are targeted for management 
are also conflict species (Novoa et  al.,  2018). For example, Novoa 
et  al.  (2016) found that stakeholders who benefit from invasive 
cacti (family Cactaceae) in South Africa had more positive percep-
tions towards them than those who suffered the negative impacts 
of cactus invasions. However, a two-day-long stakeholder workshop 
was effective in increasing stakeholders' understanding of both the 
benefits and impacts of invasive cacti and improving their accep-
tance of, and involvement in, cactus management. Similarly, Bryce 
et al.  (2011) demonstrated that involving stakeholders in the man-
agement of invasive mink (Neovison vison) in Scotland improved the 
efficiency and effectiveness of control efforts. Likewise, the sup-
port of local stakeholders has been essential for the management 

of invasive pine trees (Pinus spp.) in Southern Brazil (Dechoum 
et al., 2019). Stakeholder consultations are also crucial for the two 
international and independent forest certification systems (FSC and 
PEFC) in the processes of developing standards for forest steward-
ship, which include requirements for management of invasive spe-
cies (e.g. FSC STD 01-001 in Principle 10; PEFC ST 1003:2018 in 
Criterion 8.4.5).

The use of non-native trees (NNTs) in agroforestry, forestry, 
gardening, landscape architecture and urban forestry has led to 
conflicting views and mixed perceptions among different stake-
holders (Dickie et al., 2014; Kull & Tassin, 2012; Low, 2012; Sitzia 
et al., 2016; van Wilgen & Richardson, 2014; Vítková et al., 2017). 
NNTs can have a wide range of benefits, including climate-change 
mitigation, the reduction of sand drift hazards and the production 
of fibre, firewood and timber (Castro-Díez et  al.,  2019). Several 
NNTs are also charismatic and aesthetically pleasing in their new 
habitats (Dickie et  al.,  2014; Jarić et  al.,  2020). Moreover, many 
NNTs used in forest plantations have faster growth rates, broader 
climate tolerance and better resistance to pathogens and pests 
than native species (Seidl et  al.,  2018), and some have been hy-
bridized and artificially selected to improve these attributes 
(Caires et al., 2019; Rubilar et al., 2020). For these reasons, NNTs 
are widely introduced and planted and contribute significantly to 
the world economy (Bastin et al., 2019; Brockerhoff et al., 2008; 
Martin et  al.,  2021). However, some of the traits that make 
NNTs desirable are also associated with invasion risk (e.g. fast 
growth rates, high dispersal and high pathogen resistance; Pyšek 
& Richardson,  2007). It is therefore not surprising that a grow-
ing number of NNTs are reported to spread beyond their plant-
ing areas. These NNTs can become invasive in some regions and 
cause a wide range of negative environmental and socio-economic 
impacts, such as displacing native species, modifying fire regimes 
by increasing fuel availability and flammability, reducing water 
availability, favouring the introduction and proliferation of other 
non-native species such as insect pests and impacting livelihood 
practices and human well-being (Richardson et al., 2014). For ex-
ample, several wattle (Acacia Mill. spp.), gum (Eucalyptus L'Hér 
spp.), pine (Pinus L. spp.), mesquite (Prosopis L. spp.) and locust 
(Robinia L. spp.) species, which are extensively used for timber 
production, agroforestry or silviculture in many areas of the world, 
are also highly invasive, causing negative social-ecological impacts 
(Kull et al., 2011; Moran et al., 2000; Shackleton et al., 2014). The 
Tasmanian blue gum (Eucalyptus globulus Labill.) for instance, which 
is widely used in forest plantations along the Atlantic coast of the 

via GG-NNTs), and a deeper understanding of the barriers and reluctance of 
stakeholders to manage NNT invasions.
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Iberian Peninsula, also forms dense stands that modify water and 
fire regimes (Dehnen-Schmutz et  al.,  2010; Hurley et  al.,  2016; 
Touza et al., 2014) and impact conservation efforts in protected 
areas (Deus et al., 2022; Queirós et al., 2020). Despite these neg-
ative impacts, E. globulus was included much later into official lists 
of invasive non-native species in Spain or Portugal than other in-
vasive species without economic benefits.

In Europe, almost 80% of tree species in forest plantations are 
non-native (FAO, 2020; FOREST EUROPE, 2020), with the European 
forestry sector reporting 150 NNT species that are used (Brus 
et  al.,  2019). Of these, the most abundant are Robinia pseudoaca-
cia L., E. globulus, Picea sitchensis (Bong.) Carr., Pseudotsuga menziesii 
(Mirb.) Franco and Pinus contorta Douglas ex Loudon, all of which are 
invasive somewhere in Europe or elsewhere in the world (Calviño-
Cancela & Rubido-Bará, 2013; Knight et al., 2001; Nuñez et al., 2017; 
Nygaard & Øyen, 2017; van Loo et al., 2019; Vítková et al., 2017). 
Aiming to encourage European national authorities to prevent and 
mitigate the impacts of invasive NNTs, the Standing Committee 
to the Convention on the Conservation of European Wildlife and 
Natural Habitats (Bern Convention, Council of Europe), acting 
under the terms of Article 14 of the Convention, adopted the Code 
of Conduct on Invasive Alien Trees (Brundu & Richardson,  2016). 
Furthermore, it recommended (Rec. no. 193/2017) that Contracting 
Parties take the European Code of Conduct into account while 
drawing up other relevant codes or, where appropriate, draw up 
national codes of conduct on invasive NNTs. The committee also 
recommended that Contracting Parties collaborate as appropriate 
with the actors involved in forestry activities in implementing and 
helping disseminate good practices and codes of conduct aimed at 
preventing and managing the introduction, release and spread of 
invasive non-native trees. It also asked Contracting Parties to keep 
the Standing Committee informed of measures taken to implement 
the recommendation. The European Code of Conduct comprises 14 
principles and is addressed to all Contracting Parties, relevant stake-
holders and decision-makers in the 46 Member States of the Council 
of Europe, including the forestry sector and associated professionals 
in the management of NNTs. Furthermore, the Recommendation No. 
216 (2022) of the Standing Committee, adopted in December 2022, 
warns on the potential risks associated with the use of NNTs that 
pose high invasion risk incorrectly labelled as a “nature-based solu-
tion to mitigate climate change.”

With the aim of expanding and generalizing the geographi-
cal context of most of the principles and recommendations of the 
European Code of Conduct on Planted Forest and Invasive Alien 
Trees, Brundu et al. (2020) proposed a set of Global Guidelines for 
the use of NNTs (hereafter GG-NNTs; Figure  1) that addresses a 
broader platform of relevant stakeholders globally. Despite these 
existing international guidelines, studies or projects that identify 
stakeholders, create awareness and assess their perceptions of the 
GG-NNTs are lacking. In this study, we aimed to fill this gap by: (1) as-
sessing the perceptions of different stakeholders affected by NNTs 
or influencing their use, regulation and management towards NNTs 
and (2) exploring their compliance with the GG-NNTs.

2  |  METHODOLOGY

2.1  |  Identifying stakeholders

Aiming to find contact details of stakeholders that use and/or 
manage NNTs (i.e. the e-mail addresses provided on their web-
sites), we conducted a comprehensive Google web search using 
combinations of the name of each of 195 countries (i.e. member 
states and non-member observed states of the United Nations) 
with one of the following keywords: agroforestry, forest, for-
estry, timber, “plant* trees”, “forest plantation”, “ornamental tree”, 
“urban forest*”, tree AND landscape, tree AND garden. Searches 
were mainly done in English and Spanish. Co-authors added ad-
ditional contacts from their respective countries (i.e. Argentina, 
Australia, Austria, Brazil, Chile, Czech Republic, Ecuador, Finland, 
France, Israel, Italy, Portugal, Slovenia, South Africa, Switzerland, 
United Kingdom, the United States of America). Overall, we iden-
tified 753 relevant stakeholder institutions. We divided all identi-
fied stakeholders into seven groups according to the sectors they 
can be associated with: (1) aesthetics, which includes stakeholders 
using NNTs for their aesthetic attributes, including landscape ar-
chitects or generally stakeholders working in urban greenery (we 
acknowledge that urban greenery aims to provide other benefits 
beyond aesthetics, such as providing shade, stimulating biodiver-
sity and improving air quality); (2) environmental improvement, 
includes stakeholders planting NNTs with the aim of improving 
the environment, such as those planting NNTs to combat climate 
change and degradation or to stabilize sand dunes; (3) research in 
forestry; (4) forest industry and forest production, that is stake-
holders using NNTs to obtain wood and non-wood forest products 
including agroforestry and nurseries; (5) research in nature con-
servation; (6) nature conservation, including conservation manag-
ers and practitioners; and (7) other, those that did not fit any of 
the other categories (e.g. environmental consultancies and gov-
ernmental agencies).

2.2  |  Online survey

The questionnaire (Supporting Information) was comprised of 
three sections: (1) a section aimed to assess how respondents 
perceive NNTs, (2) a section designed to assess whether stake-
holders comply with the GG-NNTs and (3) a section aimed at 
collecting sociodemographic information about the respondents 
and their institution. First, respondents were asked whether their 
organization was involved in studying, using, or managing NNTs. 
Aiming to assess their perceptions towards NNTs, respondents 
were asked to provide three words that immediately came to their 
mind when they thought about NNTs and to score each word on 
a scale from −3 (very negative) to +3 (very positive). To identify 
levels of consensus and disagreement, the questionnaires also in-
cluded five statements relating to the negative impacts and ben-
efits of NNTs, whether the use of native and non-invasive NNTs 
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    |  1643NOVOA et al.

should be preferred over the use of invasive NNTs, and about the 
need for stakeholder engagement. Five responses were offered 
for each statement (Likert scale): strongly agree, agree, neutral, 
disagree and strongly disagree. Likert scales are a common method 
in social science research (Nemoto & Beglar,  2014). The survey 
included nine additional questions to explore whether stakehold-
ers comply with the GG-NNTs, their gender (female, male, other), 
age class (18–25, 26–35, 36–45, 46–55, 56–65, >65), sector (aes-
thetics, environmental improvement, research in forestry, forest 
production, research in conservation, conservation, other) and 
region (Africa, Asia, Europe, North America, South America, or 
Global, i.e., not focused on a single continent). Questionnaires 
were translated into Czech, English, Italian, Portuguese, Russian 
and Spanish, as these were the languages spoken by most of the 

identified stakeholders and by the co-authors of this study. Online 
questionnaires were created in Microsoft Forms. To evaluate the 
comprehensibility, clarity, length and accuracy of the questions, 
we pilot-tested the surveys with a few stakeholders before dis-
seminating it to all potential respondents.

We e-mailed all identified stakeholder institutions and asked 
them to complete an online survey if they had any involvement with 
NNTs. E-mails were sent in Czech, Dutch, English, Italian, Portuguese, 
Russian and Spanish. As many of the identified stakeholder institu-
tions are large and focus on many aspects of NNTs, for completion 
of the survey, we requested that someone knowledgeable and en-
gaged with the use and/or management of NNTs at the institution 
should complete the survey. When we received no answer, we sent 
up to four reminders. We also followed a snowballing approach, and 

F I G U R E  1  Main goals and recommendations of the Global Guidelines for the use of Non-Native Trees (GG-NNTs; reproduced with 
permission from Brundu et al., 2020). INNTs, Invasive Non-Native Trees.
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1644  |    NOVOA et al.

asked stakeholders whether they work closely with other relevant 
stakeholders, and whether they could forward the link of the survey 
to them. Stakeholders were informed, and gave consent, that the 
results of the survey would be presented in a scientific publication 
(see Supporting Information). No ethical approval was required from 
the research centre leading the research. Surveys were completed 
between April 2021 and May 2022.

2.3  |  Data analysis

All analyses and data visualization were performed using the R sta-
tistical software (v4.0.4.). Aiming to identify levels of consensus or 
disagreement towards different aspects of NNTs, we used the pack-
age ‘agrmt’ 1.42.4 (Ruedin, 2020) to calculate polarization scores for 
each Likert statement. Polarization scores range from 0 to 1, with 
values closer to 0 indicating increased consensus and values closer 
to 1 indicating increased disagreement. We then classified polari-
zation scores as low, moderate and high according to their upper 
and lower quartiles (i.e. low polarization ≤0.20 and high polarization 
≥0.31; Ruedin, 2020).

Aiming to identify response patterns, we performed exploratory 
factor analysis (EFA) on half of the data set (randomly selected), with 
the package ‘psych’ 1.9.12 (Revelle, 2019). We used the results to test 
for construct validity in confirmatory factor analysis (CFA). We eval-
uated internal consistency and the appropriateness of the data for 
factor analysis using Cronbach's alpha reliability coefficient and the 
Kaiser–Meyer–Olkin measure of sampling adequacy (KMO). These 
scores were found to be adequate for further analyses. To identify 
the optimal number of factors, we utilized the nScree() function from 
package ‘nFactors’ 2.1 (Raiche & Magis, 2022; Figure S1), which cal-
culates the level of agreement between multiple eigenvalue-based 
methods. When multiple solutions showed a comparable level of 
agreement between methods, we selected the solution with the 
highest number of items loading very strongly (≥0.6) on each factor 
(Furr, 2011) and the highest number of factors. After identifying the 
optimal number of factors, we generated the factor loadings of all 
statements with maximum likelihood extraction with Oblimin rota-
tion to identify statements that did not load strongly on any factor 
(<0.45, Appendix, Table  S1). We excluded statements that loaded 
weakly (<0.4) and then refitted the model to check for consistency.

After obtaining the factorial structure from the EFA, we applied 
this to the fitting data set (second half of the data) to test for con-
struct validity through CFA. We excluded statements with weak 
loadings in the CFA (<0.45) to obtain simple factorial structures 
as done in the EFA (Sandbrook et al., 2019). The CFA and multiple 
goodness-of-fit indices were calculated with the package ‘lavaan’ 
0.6–9 (Rosseel,  2012) to determine to what extent the factorial 
structure from the EFA fitted the other half of the response data-
base. The CFA indices demonstrated a satisfactory fit (Table S2); we 
therefore ran a factorial analysis (maximum likelihood and Oblimin 
rotation) on the full data set based on the structure from the CFA 
with the factor. scores() function from the ‘psych’ package 1.9.12 

(Revelle,  2019). Based on this, five distinct factors were retained 
(see Section  3). To comprehensively assess the main attitude of 
the respondents within each construct, we also generated fictional 
scores for a hypothetical respondent who remained neutral towards 
all statements, following Sandbrook et al. (2019).

We used multiple regression analysis to explore whether re-
sponse patterns to the identified factors vary according to the re-
spondents' sociodemographic characteristics (i.e. gender, age class, 
sector, region and perception towards NNTs as negative, including 
very negative, positive, including very positive, or neutral; Figure 2). 
For each variable, we used the category with the highest number of 
responses as the baseline (Wood et al., 2022).

3  |  RESULTS

3.1  |  Response group profile

We received 286 responses to the online survey, corresponding to 
a 37.9% response rate. There were more male (69.9%) than female 
(28.3%) respondents (Table  1). Most respondents worked in aca-
demic (33.5%) or public (32.0%) organizations, compared with those 
working in NGOs (16.0%) or the private sector (18.5%). Respondents 
worked primarily in the forest production sector (25.2%), forestry 
research (19.2%), research in conservation (17.8%) and conservation 
practice/management (13.6%). Most respondents worked at a na-
tional scale (52.4%) and in Europe (60.5%).

3.2  |  Stakeholders' perceptions towards NNTs

All respondents answered that their organizations were involved in 
studying, using or managing NNTs. Generally, stakeholders from the 
aesthetics, environmental improvement, research in forestry and 
forest production sectors had more positive attitudes towards NNTs 
than stakeholders from the conservation management or research in 
conservation sectors (Figure 2).

3.3  |  Consensus and polarization

There was a general agreement and low polarization (good consen-
sus) that NNTs provide economic benefits but can also harm the 
environment; risk assessments should be performed before intro-
ducing NNTs; and stakeholders should be engaged in the manage-
ment of NNTs (Figure 3). There was moderate polarization in views 
on whether NNTs provide social and/or health benefits and cause 
socio-economic losses; whether it is better to plant native trees 
than NNTs, and whether only non-invasive NNTs should be used; 
and if a planted NNT did not spread from the plantation site after 
a long time, it would not do so in the future. Finally, there was high 
polarization (low consensus) in the views on whether NNTs provide 
benefits to the environment, and whether such benefits cannot be 
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    |  1645NOVOA et al.

adequately provided by native trees; it is better to plant NNTs than 
no trees; and that potentially invasive NNTs can be used if their risk 
of invasion can be managed effectively.

3.4  |  Effects of sociodemographic and institutional 
backgrounds on respondents' attitudes

Five main factors were retained. The first factor identified was re-
lated to the benefits of NNTs (including the statements ‘NNTs can 
provide benefits to the environment’, ‘NNTs can provide economic 
benefits’ and ‘NNTs can provide social and/or health benefits’). The 
second factor was related to their negative impacts (‘NNTs can harm 
the environment’ and ‘NNTs can cause socioeconomic losses’). The 
third factor concerned whether the use of NNTs should be prop-
erly managed (‘A risk analysis should be performed before planting a 
NNT that is not yet present in an area’ and ‘Effective management of 
the risks of NNTs requires collaboration with all positively and neg-
atively affected stakeholders’). The fourth factor we retained was 
related to whether it is acceptable to use NNTs that pose low inva-
sion risk (‘If it is not possible to use NTs, we should use non-invasive 
NNTs over invasive NNTs’ and ‘We should only use NNTs that pose 
no risk of invasion’). The last factor refers to whether it is accept-
able to use NNTs regardless of their invasion risk (‘It is acceptable 
to use NNTs that pose a risk of invasion if this risk can be managed 
effectively’ and ‘If there are not enough propagules/stock of NTs 

available for reforestation programs, it is better to plant NNTs than 
to plant no trees’). In some cases, sociodemographic characteristics 
significantly influenced the way participants responded to these fac-
tors (Figure 4).

The gender of the respondents did not have a significant influ-
ence on their responses to any of the factors. However, compared 
with the 46–55 group, respondents between 56 and 65 years old 
were more likely to agree with the benefits factor, respondents older 
than 65 years were more likely to disagree with the negative impacts 
factor, and respondents between 26–35 and 56–65 years old were 
more likely to agree with the factor suggesting that it is acceptable 
to use all NNTs (Figure  4). Compared with respondents from the 
production sector, respondents from the research in forestry and 
environmental improvement sectors were more likely to answer 
positively regarding the benefits of NNTs, while respondents from 
the conservation sector were more inclined to agree with the neg-
ative impacts factor. Researchers in conservation were more likely 
to answer positively to whether it is acceptable to use non-invasive 
NNTs. Researchers in forestry were more inclined to agree that it 
is acceptable to use all NNTs regardless of their invasion risk, while 
respondents from the aesthetics and conservation sectors were 
more likely to disagree with this factor (Figure 4). Compared with 
European respondents, respondents from Asia and South America 
were more likely to disagree with the questions on negative impacts, 
whereas those from Africa were more likely to agree with the ques-
tions related to whether the use of NNTs should be managed and it is 

F I G U R E  2  Stakeholders' perceptions of non-native trees (NNTs) according to the sector they work in. Percentages indicate the 
percentage of stakeholders from each sector that scored the first three words that immediately came to their mind when they thought about 
NNTs as negative (left), neutral (centre) and positive (right).
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acceptable to use all NNTs. Finally, compared to respondents with a 
negative perception of NNTs, respondents with a neutral or positive 
perception of NNTs were inclined to respond more positively to the 
benefits question and to the factor on whether it is acceptable to use 
all NNTs, while respondents with positive perceptions of NNTs were 
more likely to answer negatively to the negative impact questions.

3.5  |  Stakeholders' compliance with recommended 
regulations and guidelines

Approximately half of all respondents (53%) answered that they were 
aware of regulations, guidelines or agreements concerning NNTs in 
their geographical areas. Moreover, 60% of respondents answered 
that their organization complies with existing regulations or volun-
tary agreements concerning NNTs (Figure  4). Of all respondents, 
71% answered that their organization takes the risk of NNTs becom-
ing invasive into account when selecting tree species. Only 12% of 

the respondents from the aesthetic sector answered that their or-
ganization has a system to reduce the risk of NNTs escaping from 
planted areas. Half of the respondents from the environmental im-
provement (55%) and conservation (49%) sectors, and less than half 
of the respondents from the other sectors (35%, 29% and 38% of 
the respondents from the production, research in conservation and 
research in forestry, respectively), answered that their organization 
has such a system in place. Similarly, 17% of the respondents from 
the aesthetic sector answered that their organization monitors the 
surroundings of plantation sites to detect the escape of NNTs, while 
28%–47% respondents from the other sectors answered positively 
to this statement. A small percentage of respondents (e.g. 18% of 
respondents within the environmental sector and 34% of all re-
spondents) answered that their organization controls NNTs growing 
beyond plantation sites. Respondents from the aesthetics and from 
the environmental improvement sectors (30% and 36%, respectively) 
answered that their organization is involved in the restoration of sites 
previously occupied by NNTs, while this percentage was higher for 

TA B L E  1  Sociodemographic characteristics of the respondents (n = 286).

Sociodemographic variable Category Number of respondents Percentage (%)

Gender Female 81 28

Male 200 70

Other 5 2

Age <25 5 2

26–35 40 14

36–45 81 28

46–55 84 29

56–65 61 21

>65 14 5

Organization type Academic 94 33

NGO 45 16

Private 52 18

Public 90 31

Sector Aesthetics 24 8

Environmental improvement 11 4

Research in forestry 55 19

Forest production 72 25

Research in conservation 51 18

Conservation 39 14

Other 34 12

Scale International 78 27

National 150 52

Sub-national 58 20

Region Africa 35 12

Asia 26 9

Europe 173 60

North America 7 2

South America 36 13

Global 8 3
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the respondents classified within the conservation (77%), produc-
tion (60%), research in conservation (65%) and research in forestry 
(47%) sectors. Most stakeholders from the research in conservation 
(73%) and conservation sectors (64%) answered that their organiza-
tion reports information on the management of NNTs to other or-
ganizations, while this trend was not observed in other sectors. Most 
respondents (72%) answered that their organization is involved in 
raising public awareness. Finally, respondents often collaborate with 
other organizations on issues related to the use of NNTs (68% of re-
spondents answered yes to this question; Figure 5).

4  |  DISCUSSION

In this study, we assessed the attitudes of 286 stakeholders towards 
NNTs. Our results suggest that stakeholders who benefit from NNTs 
or seek to promote their usefulness had more positive attitudes 
towards NNTs compared with other stakeholders. Similarly, stake-
holders from the forestry and environmental improvement sectors 
who, for example, use NNTs for combating climate change, agreed 

more that NNTs can provide benefits, while stakeholders from the 
conservation sector agreed more often that NNTs can cause nega-
tive impacts. Despite these observed differences, our data showed 
a general agreement among stakeholders that although NNTs pro-
vide economic benefits, they can also harm the environment. This 
suggests that stakeholders affected by NNTs or influencing their 
use, regulation and/or management globally may have a general un-
derstanding that NNTs can have both benefits and costs, which is 
fundamental for gaining their support to effectively manage NNTs 
(Novoa et al., 2018). However, our data also indicated disagreement 
among stakeholders with regards to whether NNTs provide social, 
health and environmental benefits, can provide benefits that native 
trees cannot provide, and can be beneficial for the environment. 
These disagreements are a potential source of conflict.

Achieving support for the management of invasive NNTs de-
pends, to a large extent, on integrating stakeholders' perspectives 
and dealing with potential conflicts of interest (Novoa et al., 2018). 
Therefore, we also assessed respondents' level of agreement with 
the GG-NNTs, which consists of eight voluntary recommendations 
aiming to maximize the benefits of NNTs while minimizing current 

F I G U R E  3  Level of agreement and polarization of survey respondents on 14 Likert (ranking) statements. Statements with low 
polarization (i.e. greater consensus among respondents) are indicated in black, medium polarization in orange, and high polarization (i.e. high 
disagreement among respondents) in red.
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and future NNT invasions and their associated negative impacts 
(Brundu et  al.,  2020; Figure  1). Our results suggest that although 
half of the respondents were not aware of the existence of any 
regulations, guidelines, or agreements concerning NNTs, they felt 
that their organizations might be complying with at least some of 
the recommendations included in the GG-NNTs. For example, the 
first guideline of the GG-NNTs recommends using native trees or 
non-invasive NNTs in preference to invasive NNTs, and only using 
NNTs if their invasion risk can be managed effectively. Accordingly, 
our results suggest that stakeholders across sectors generally agree 
that it is better to use native trees over NNTs, NNTs that pose no 
risk of invasion over invasive NNTs, and that only NNTs that pose no 
risk of invasion should be used. Moreover, in accordance with some 
GG-NNT recommendations, most stakeholders responded that their 
organizations aim to raise public awareness and collaborate with 
other organizations on issues related to NNTs. Yet, our results also 
suggest that many stakeholders do not agree with most recommen-
dations included in the GG-NNTs. For example, we found high polar-
ization (i.e. high disagreement) among stakeholders in the view that 
potentially invasive NNTs can be used as long as their risk of invasion 
in the given region can be managed effectively. This view is shared 

by the FSC (https://​fsc.​org/​en/​docum​ent-​centre/​docum​ents/​resou​
rce/​392) and PEFC (https://​cdn.​pefc.​org/​pefc.​org/​media/​​2019-​01/​
b296d​dcb-​5f6b-​42d8-​bc98-​5db98​f6220​3e/​6c7c2​12a-​c37c-​59ee-​
a2ca-​b8c91​c8beb​93.​pdf), the two international and independent 
forest certification systems that deal with sustainable and respon-
sible forest management.

Our results also suggest that stakeholders believe they are com-
plying with existing regulations and guidelines, but half responded 
that they were not aware of the existence of the GG-NNTs or any 
other guidelines or regulations concerning NNTs. Therefore, there 
is a critical need to enhance communication efforts to inform stake-
holders and promote and co-adapt the GG-NNTs. We suggest that 
the development of similar future guidelines and initiatives target-
ing the use of non-native species should be done in collaboration 
with stakeholders. This could increase uptake and awareness (Novoa 
et al., 2018).

We found moderate polarization in the views that there is a 
risk of NNTs becoming invasive even if they have not yet spread 
from the sites where they were first planted. These results sug-
gest the need to implement awareness campaigns to inform stake-
holders that NNTs often experience long lag phases between 

F I G U R E  4  Relationship between sociodemographic characteristics of respondents and their response patterns in each of the five 
factors related to the benefits and negative impacts of non-native trees (NNTs) and to whether the use of NNTs should be avoided, it is 
acceptable to use NNTs that pose low invasion risk, or it is acceptable to use all NNTs. Shapes and horizontal lines indicate the differences 
from baseline logits [vertical grey line] at 95% CI values. Positive and negative estimates indicate, respectively, whether respondents agree 
or disagree to a greater extent than the comparison/baseline group. Filled shapes indicate significant differences from the baseline group 
(*p < 0.05; **p < 0.01; ***p < 0.001). The categorical group with the greatest number of respondents is the baseline group for each of the 
sociodemographic variables. Numbers in parentheses indicate the number of respondents in each group. Only groups with more than five 
respondents were used.
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introduction and naturalization or invasion (of up to 300 years 
or longer, Kowarik,  1995) and that climate change and land use 
change may increase the opportunities of NNTs for spread (Aubin 
et al., 2018; Vaz et al., 2019). As suggested by Brundu et al. (2020), 
sustainable forest management certification schemes (such as FSC 
and PEFC) might play an important role in the development of such 
awareness campaigns. Furthermore, there is scope to promote novel 
risk-assessment schemes that adequately consider site-specific vari-
ations in the invasion risk and impacts of NNTs or the extent of af-
fected areas, such as the one proposed by Bindewald et al. (2021).

Most stakeholders are not following the recommendations 
of designing and adopting tailored practices to reduce the risk of 
spread of NNTs from plantations (Recommendation 4) and promote 
early detection and rapid response (Recommendation 5), control 
and restoration programs (Recommendation 6). This was especially 
true for stakeholders within the aesthetics sector. An exception was 
the involvement of stakeholders from the conservation, research in 
conservation and forestry production sectors in the restoration of 
previous plantation sites.

Despite contacting many stakeholders involved in forestry and 
ornamental use of trees in North America, it is noteworthy that few 
respondents were from the region (2%). This might be because only 
few North American organizations study, use, or manage NNTs. 
Moreover, some of the fast-growing NNT species that have been 
promoted globally (e.g., Eucalyptus spp.) lack frost tolerance and 
therefore are not suitable for many North American regions. Of the 
more than 23 million ha of planted forests in the United States (Smith 
et al., 2004), most major forest plantations use native species (Payn 
et  al.,  2015). For example, the southern United States produces 
15%–20% of global industrial wood fibre almost entirely from native 
Pinus spp. (Cubbage et al., 2005). However, urban tree plantings in 
North America, such as in the northeastern United States (Doroski 
et al., 2020), are composed significantly of NNT species like Norway 
maple (Acer platanoides L.). Further, Lugo et al. (2022) reported that 
the forest land area in the coterminous United States with NNTs is 
7.6 million ha and expanding by more than 200,000 ha annually sug-
gesting the need for a better understanding and adherence to the 
GG-NNTs.

5  |  CONCLUSIONS

Overall, our results suggest that the majority of respondents appear 
to be largely unaware of, or non-compliant with, most of the recom-
mendations outlined in the GG-NNTs although they do feel that they 
are aware of the existence of other regulations. This lack of aware-
ness and compliance can increase the occurrence and severity of the 
negative environmental and socioeconomic impacts caused by NNTs 
globally (Richardson et al., 2014).

The GG-NNTs are currently only available in the format of a re-
search paper, a form of communication which typically reaches, is 
read and understood only by the research community. Therefore, it 
is crucial to invest effort in communicating and disseminating the 

recommendations globally. Such information should reach all stake-
holders who benefit from NNTs or seek to promote their usefulness, 
as well as those who suffer the costs of NNTs or seek to reduce their 
negative impacts. Our results also suggest that these efforts might be 
successful and encourage the adoption and compliance of stakehold-
ers with the GG-NNTs: most stakeholders are already aware of the 
potential benefits and costs associated with NNTs, engaged in creating 
awareness of issues related to NNTs, and open to collaboration with 
stakeholders from other regions and sectors.

Ensuring compliance is generally an important and limiting as-
pect of any voluntary code of conduct addressing invasive species 
management (Hulme et al., 2018). Without buy-in from stakeholders, 
such codes of conduct are of little use. Therefore, there is an urgent 
need to raise awareness among stakeholders about the existence of 
global policies and regulations, and to encourage their adoption and 
compliance to reduce risks associated with tree invasions (Novoa 
et  al., 2018). It remains unclear which type of campaign can most 
effectively increase awareness of non-native species among stake-
holders (Haley et al., 2023; but see Verbrugge et al., 2014). This high-
lights the need to invest more effort in this topic.
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