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Humans act as drivers for the introduction of non-native trees. Some non-native species may become invasive
and cause undesirable impacts, thereby motivating targeted decision-making and management actions.
Australian acacias (or wattles; genus Acacia subgenus Phyllodineae) have been introduced worldwide, offering
both opportunities and risks for local communities. Understanding how stakeholders perceive invasive acacias is
paramount to assist effective decision-making. We assessed stakeholders’ perceptions about these non-native
acacias, their invasion process, social-ecological impacts and management. We conducted a questionnaire-
based survey with experienced managers and decision-makers in Northern Portugal, where acacia invasions are
widespread. We found that most stakeholders are not able to recognize non-native species, failing to identify
the introduction period, drivers of dispersion and appropriate management methods of Australian acacias. We
could also identify different stakeholder perceptions on the benefits and negative impacts provided by these
species. We call for the implementation of technical training and information outreach strategies to address
stakeholders’ lack of knowledge (and experience) on the recognition and identification of non-native trees,
as well as on their introduction and invasion history, drivers of dispersion, costs and benefits, and effective
management actions. Stakeholders’ engagement should be promoted in the design and implementation of

biosecurity efforts to control (and/or adapt to) invasive acacias at relevant scales of invasion management.

Introduction

For centuries, non-native trees have been transported and
introduced for different purposes, such as wood production,
landscape restoration and ornamental use (Krumm and Vitkova,
2016; Brundu and Richardson, 2016). Nowadays, non-native
trees still offer natural resources and ecosystem services, sup-
porting economic revenues and the well-being of local commu-
nities (Vaz et al., 2017a; Castro-Diez et al., 2019; Shackleton et al.,
2019a). In many regions worldwide, these trees are also valued
aesthetically (e.g. colourful flowers; Kueffer and Kull, 2017),
historically and scientifically (e.g. from overseas expeditions;
Crews, 2003; Carruthers et al., 2011). Nevertheless, non-native

trees can also produce undesirable impacts, especially when
becoming invasive outside planted sites and competing with
service-providing native species (Dickie et al., 2014; Brundu and
Richardson, 2016; Castro-Diez et al., 2019). For instance, invasive
non-native species can reduce water provision, promote soil
erosion and disrupt fire regimes, particularly under neglected
management (e.g. Castro-Diez et al., 2012; Pysek et al., 2012).
From its beginning, invasion science has focused on ecological
aspects of non-native species, mostly associated to the under-
standing of the invasion process and of their impacts on ecosys-
tems and native biodiversity (Davis et al., 2001; Vaz et al., 2017aq).
The socio-economic consequences of biological invasions gained
attention latter in the 2000s (Pimentel et al., 2005; Brunson and
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Tanaka, 2011). However, the lack of social insights on biological
invasions has been widely recognized (Rotherham and Lambert,
2011; Matzek et al., 2014; Vaz et al., 2017b). Despite increasing
attention on the human dimension of non-native species (Kull
et al.,, 2011; Head et al., 2015; Essl et al., 2017; Shackleton et
al., 2019b), social-ecological perspectives on invasions remain
largely underexplored (Vaz et al., 2017b; Estevez et al.,, 2015;
Abrahams et al., 2019; Kapitza et al., 2019).

Humans are a key dimension of biological invasions, act-
ing as drivers for the introduction of non-native species, but
also experiencing the consequences of their uncontrolled expan-
sion and deciding (and acting) on the management of those
species (McNeely, 2001; Kueffer and Hadorn, 2008; Vaz et al.,
2017b; Shackleton et al., 2019d). When it comes to making
decisions about non-native species, social awareness and per-
ceptions are key for achieving successful management actions,
including their control or eradication (Dickie et al., 2014; Shackle-
ton et al., 2019b,c). The lack of awareness on potential impacts
of non-native species can lead to the absence of management
actions or inefficient decisions towards invaders (Sharp et al.,
2011; Novoa et al.,, 2017). In addition, contrasting perceptions
of non-native species can originate complex challenges for land
management, associated, for instance, to social conflicts, unac-
ceptance of decisions or options and ineffective management
implementation (Garcia-Llorente et al., 2008; Novoa et al., 2017).

Considering differences in social awareness and perception
can be particularly important for stakeholders capable of making
and changing the decision context, depending on the uncertainty
of management options at particular social-ecological contexts
(Estevez et al., 2015; Shackleton et al., 2019a,c,d). The need to
understand local knowledge and perceptions has been recently
emphasized in relevant initiatives on non-native and invasive
species, namely the EU Regulation 1143/2014 (on the prevention
of invasive alien species), or the sixth Plenary of the Intergovern-
mental Platform on Biodiversity and Ecosystem Services (IPBES-
6: on the thematic assessment of invasive alien species and their
control).

Nevertheless, understanding perceptions on non-native inva-
sive species requires considering the diversity of socioecological
contexts among stakeholders. For instance, changes in invasion
dynamics (e.g. occupancy areq, residence time and impact
level) affect human concern, perceptions and attitudes, thus
influencing the formulation and prioritization of policies towards
non-native species (Estevez et al, 2015; Shackleton et al.,
2019b). Therefore, understanding how decision-makers and
managers perceive invasive species is essential for governance
and management actions, e.g. allowing to identify priority areas
for invasion management, considering the time scale at which
efforts can be successful and allocating management efforts
with greater efficiency (Novoa et al., 2017; Kapitza et al., 2019;
Shackleton et al., 2019c¢).

In this study, we assessed stakeholders’ perceptions, knowl-
edge and experience about the invasion process, social-ecological
impacts and management of non-native Australian acacias.
Australian acacias are an interesting test case for understanding
stakeholders’ perceptions, since these trees have been intro-
duced worldwide, mainly for ornamental reasons and for wood
provision (Kull et al., 2011; Richardson et al., 2011). Nevertheless,
Australian acacias have been associated with the emergence

of novel ecosystems, where they produce profound, often
irreversible, negative impacts on native species and ecosystem
functioning (Le Maitre et al,, 2011; Richardson and Rejmdnek
2011). We conducted a participatory approach focused on
stakeholders (including key decision-makers and managers)
from social-ecological contexts characterized by distinct invasion
extents and management concern levels on Australian acacias
in Northern Portugal. We hypothesize that higher awareness and
experience levels will be found for those stakeholders taking
decisions in regions under more severe invasion extents and
higher management concerns. Implications of our results for the
management of Australian acacias in Portugal (and elsewhere)
are discussed.

Methods

Study area and test species

Our survey was conducted in Northern Portugal, located in south-
west Europe (Figure 1). The area covers almost 22 000 km? in the
transition between the Eurosiberian and the Mediterranean bio-
geographic region. The study area has a heterogeneous topogra-
phy, with a diversity of environmental conditions, land uses and
land covers. The climate varies from temperate Atlantic in the
western areas to subcontinental Mediterranean in eastern areas.
Mean annual rainfall ranges from ca. 400 mm in the eastern
valleys to over 2500 mm in the western mountain tops. Altitude
ranges between 0 and 1545 m. The area is dominated by granite
and schist and by acid soils. Northern Portugal includes protected
areas of high conservation value (ca. 25 per cent of the area),
designated under national legal protection, the European Natura
2000 network and the UNESCO Biosphere Reserve network. From
the socio-economic point of view, the Northern Portugal includes
eight districts (NUTS III EU administrative regions) with about
3.6 M inhabitants. From west to east, it spreads from an urban
and industrialized coastal area, to an inland area dominated
by the primary sector. The GDP per capita (78.1 per cent) and
unemployment rates (13.6 per cent) are considered to be below
the national averages (reference data for 2015, available at:
https://ec.europa.eu).

We focused on Australian acacias, more specifically on the
species with the highest expression in mainland Portugal: Acacia
dealbata Link (silver wattle), A. melanoxylon R.Br. (Australian
blackwood) and A. longifolia (Andrews) Willd (golden wattle).
Australian acacias are among the most challenging tree invaders
worldwide for several reasons. On one hand, these trees cause
many negative ecological impacts, modifying native vegetation
structure and species composition and affecting ecosystem
health and functioning (Le Maitre et al., 2011; Richardson and
Rejmanek 2011). On the other hand, Australian acacias can
be used to obtain natural resources and ecosystem services,
functioning as an alternative to native vegetation in supporting
local livelihoods (Kull et al., 2011; Richardson et al., 2011). This
duality of risk versus opportunistic views over acacias is not an
exception in mainland Portugal. A. dealbata and A. longifolia
have been mainly introduced for aesthetic goals and to help
controlling soil erosion in mountain and in coastal regions
(Fernandes, 2018). A. melanoxylon has also been cultivated as
a forestry species. Currently, the three acacias are widespread
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Figure 1 Study area at the European context (top-right), illustrating the distribution of three Australian acacias (A. dealbata, A. longifolia, A.
melanoxylon) considering the years 2000 individually or in combination with the projections for the year 2050 (based on Vicente et al., 2013).

invaders, particularly in forest areas, scrublands and sand dune
habitats, as well as along rivers, roads and train railways.
In Northern Portugal, the area occupied by these species is
expected to expand towards easternmost areas under future
environmental conditions (Vicente et al., 2013; Figure 1).

Study regions and groups

We evaluated stakeholders’ perceptions on Australian acacias
across four regions with distinct social-ecological contexts in
Northern Portugal. The context of each region was defined
based on their known: (1) invasion extent—considering the
observed and expected distribution of the three acacias in
the study area (based on Vicente et al, 2013, 2016) and (2)
management concern—considering existing territorial planning
instruments and the need to allocate management efforts to
deal with the impacts of those acacias (based on discussions
with the regional agency for agriculture and fisheries of Northern
Portugal, DRAPN—Direcéo Regional de Agricultura e Pescas do
Norte). The following regions were considered: (A) ‘Viana do
Castelo’—characterized by high levels of invasion extent and
management concern; (B) ‘Barcelos’—showing medium levels of
invasion extent, but lower management concern; (C) ‘Campo
do Gerés’—including the only National Park in Portugal, with
medium levels of invasion extent, yet high management concern
and (D) ‘Mirandela’—under low levels of invasion extent and
management concern. Levels of invasion extent are expected to

be maintained (A and C) or to increase (B and D) under future
scenarios of environmental change (Vicente et al., 2013, 2016).

For each of the four regions, we identified key stakeholders
directly responsible for making and/or implementing land man-
agement decisions in the region. These were identified in collab-
oration with DRAPN, and included stakeholders acting individu-
ally or on behalf of private businesses (including landowners),
public agencies or non-governmental organizations, across all
relevant economic sectors (e.g. industry, agriculture and tourism)
and decision-making responsibility (e.g. operational, tactical and
strategic; following Novoa et al., 2018).

Workshops and questionnaires

After the identification of key stakeholders, we organized four
workshops (i.e. one per social-ecological region) to evaluate the
levels of stakeholders’ knowledge and perception on Australian
acacias. For each region, we invited the participation of key stake-
holders through email and phone (e.g. through DRAPN’s contact
database), as well as through social media platforms (e.g. Face-
book). The dates of the workshops (in April and May of 2018)
were previously negotiated with potential participants in order to
engage with the maximum number of attendees (but with up to
25 people per workshop; Newing, 2010).

In each workshop, we conducted a questionnaire-based
survey. After a piloting process, the questionnaire was admin-
istrated interactively to each individual stakeholder (following
Newing, 2010). Questionnaires focused on: (1) respondents’
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Table 1 General information considered in the questionnaire. The questionnaire intended to gather information on (1) socio-demography (anony-
mous); (2) knowledge on invasive species; (3) knowledge on the invasion process; (4) perceived benefits and negative impacts; (5) experience with

management methods and (6) attitudes and responsibility.

Information Description

(1) Socio-demography

Information on: (1.1) gender, (1.2) educational qualification, (1.3) years of work

experience, (1.4) level of decision responsibility (e.g. advisor, director), (1.5) main area

of decision
(2) Invasive species

Indicates the number of: (2.1) identified invasive tree species, (2.2) correctly identified

invasive tree species, (2.3) correctly recognized acacias

(3) Invasion process

Knowledge about: (3.1) time period of introduction of acacias, (3.2) invasion extent,

(3.3) rate of acacias dispersion and (3.4) promoters of the invasion process (e.g. human
action, wildfires, roads)

(4) Benefits and nuisances

The participant: (4.1) recognizes benefits or negative impacts from acacias, (4.2) their

perceived level of impact on natural resources (e.g. timber production, fire risk,
landscape aesthetics)

(5) Management actions

Experience level with: (5.1) management actions applied to prevent, control or reduce

the prevalence of acacias in the region (e.g. girdling, cutting, biocontrol)

(6) Attitudes and responsibility

Level of agreement with several statements focused on: (6.1) acceptance of

commercialization, (6.2) effectiveness of existing legal instruments, (6.3) management
responsibility of Australian acacias

sociodemographic information; (2) knowledge on invasive
species; (3) knowledge on the invasion process; (4) perceived
benefits and negative impacts; (5) experience with management
methods and (6) management attitudes and responsibility
(Table 1; see Supplementary Table S1 for details). We had the
participation of a total of 65 stakeholders (i.e. 65 questionnaires).
The participation of stakeholders was voluntary, and all par-
ticipants were informed about their rights to refuse to answer
any question and withdraw from participation at any time.
Informed consent was obtained, anonymity and confidentiality
were explicitly granted and questionnaires did not include any
information that could be used to identify individual respondents.
Detail on the questionnaire design and administration are shown
in Appendix 1.

Data analysis

We used descriptive statistics on categorical data, to explore
participants’ sociodemographic information (1.1-1.5 in Table 1)
and their knowledge on the time periods of acacia introduc-
tion (3.1 in Table 1). We further assessed whether stakeholders
exhibited statistically significant differences in their perception
and knowledge levels across the four social-ecological regions.
Non-parametric Kruskal-Wallis tests, followed by post hoc Dunn’s
tests, were used to test for differences in numerical variables,
namely on the number of identified invasive tree species (2.1
in Table 1), correctly identified invasive tree species (2.2), and
correctly recognized acacias (2.3). These tests were also applied
to check for differences in stakeholders’ perceptions of benefits
and/or negative impacts from acacias across the four regions (4.1
in Table 1), as well as in their experience with different manage-
ment methods (coded as dummy variables; 5.1 in Table 1).
One-way ordinal regressions were used to analyse differences
among stakeholders from the four regions for the remaining
information (ordinal data). Due to sample size limitations,

ordinal regressions were applied over individual perception/-
knowledge levels of: invasion extent (3.2 in Table 1), expansion
of acacias (3.3), drivers of the invasion process (3.4), acacias’
impacts on natural resources (4.2), applied management
actions (5.1), acceptance of acacia trading (6.1), effectiveness
of existing legal instruments (6.2) and responsibility towards
management. One-way ordinal regressions were performed
considering stakeholders’ information from region D (‘Mirandela’)
as the prognostic group for comparison (i.e. corresponding a
baseline group; in our case, with the lowest invasion extent and
management concern). This means that, for a given variable,
a significantly higher or lower value for stakeholders of a given
region (A-C) should be interpreted as significantly higher or lower
than the value of that variable for stakeholders of region D. All
statistical analyses were carried out using software R (R Team,
2016).

Results

Study groups

The study had the participation of 65 participants, from which 58
per cent and 39 per cent were respectively females and males
(3 per cent of replies not stated). The number of participants
was 20 in region A, 17 in regions B and D and 11 in region C.
Overall, 43 per cent of participants presented more than 15 years
of work experience and 94 per cent exhibited a university-level
education. Forty-eight per cent of all participants were dedicated
to technical work; 12 per cent held a top-level decision-making
position (i.e. directors or delegates) and 14 per cent were ded-
icated to research or communication occupations. Their main
working areas were agriculture, forestry and environment (60 per
cent of all participants), followed by other fields in the natural and
social sciences (e.g. veterinary, geography, law and tourism). The
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Figure 2 Number of replies from stakeholders of different regions (A-D)
regarding (a) which Australian acacias they were able to recognize and (b)
their perception level of the main drivers of acacia distribution in Northern
Portugal. The same symbol in (a) indicates those regions which stated
similar recognition levels for each species; regions with distinct symbols
indicate significant differences (Dunn’s tests).

sociodemographic characteristics of the participants are shown
in detail in Appendix 2.

Knowledge on invasive species and invasion process

Participants were first presented with a list of 18 tree species and
were asked to indicate whether they recognized those species
(2.1in Table 1). Among the recognized species, they were invited
to classify them as non-native or native trees (2.2 in Table 1). The
proportion of correct classifications of non-native trees ranged
from 16 to 95 per cent (mean accuracy: 59 per cent). The propor-
tion of correctly classified non-native trees did not hold statisti-
cal differences (Kruskal-Wallis, P > 0.05) and was similar across
stakeholders from the four regions: mean accuracy of 60 per cent
for region A, 64 per cent for region B, 65 per cent for region C and
50 per cent for region D.

When asked to recognize different species of acacias (i.e. A.
longifolia, A. dealbata or A. melanoxylon; 2.3 in Table 1), statisti-
cal differences could be detected among stakeholders from the
four regions (Kruskal-Wallis, KW=15.97; P =0.001). Stakehold-
ers from region D showed lower ability to discriminate acacias
compared to regions A (Dunn, Z=2.99; P =0.010), B (Z =-3.45;
P =0.003) and C (Z=-3.20; P =0.006). Among the three acacias
considered, the most frequently recognized species were A. deal-
bata and A. melanoxylon (Figure 2q). Differences in the recogni-
tion of acacias across stakeholders from different regions were
found to be significant for A. longifolia (KW =10.00; P=0.018) and
A. melanoxylon (KW =24.94; P < 0.0001, Figure 2; see Appendix 3
for full results).

Most participants indicated the periods 1950-2000 (47 per
cent of all participants) and 1900-1950 (31 per cent) as the
time intervals at which Australian acacias have been introduced
in mainland Portugal (3.1 in Table 1). Only a minor proportion
identified the periods before 1900 (17 per cent) and after 2000
(5 per cent) as the time intervals of introduction. The perception
of the invasion process of acacias showed significant differences
between stakeholders from distinct regions. Region D’s stake-
holders perceived smaller invasion extents (3.2 in Table 1) than
those from regions A (r =—2.99; P <0.0002) and C (r =-2.79;
P =0.002). No differences were found for region B (P > 0.05; see
Supplementary Table S4.1 for full results). No differences were
also found regarding the perception of invasion expansion (3.2
in Table 1), with stakeholders from the four regions perceiving a
high rate of acacias’ expansions in Northern Portugal. Concerning
the determinants of expansion (3.3 in Table 1), direct human
influence was found to be particularly significant in region B
(r =—=1.38; P =0.03). The influence of wildfires was also mostly
significant for stakeholders in region B (r =1.65; P =0.009) and C
(r=1.93; P=0.08; Figure 2b).

Awareness of impacts, and management actions,
attitudes and responsibilities

When asked about the type of impacts, only 22 per cent identified
benefits associated to acacias (4.1 in Table 1). The use of acacias
for domestic wood (mainly heating) was the most identified
benefit (58 per cent of cases in which benefits were identified),
followed by ornamental purposes (32 per cent), timber wood (9
per cent), soil fixation (8 per cent) and support to bean production
(as stakes; 7 per cent; see Supplementary Table S5.1 for full list of
perceived benefits). Acacias were also perceived as fire promoters
and benefiting honey production, with no statistical differences
among regions. Stakeholders from region D also recognized ben-
efits from acacias on hunting activities and wild fauna (Figure 3).

Ninety-seven per cent of all participants could perceive neg-
ative impacts of acacias on natural resources (4.2 in Table 1).
Stakeholders from region A perceived the highest level of nega-
tive impacts on several natural resources, such as landscape aes-
thetics, agriculture production or wild flora (Figure 3). The results
from ordinal regressions suggest that the negative impacts of
acacias on wild fauna (r =—1.72; P =0.03), flora (r =—1.85;
P =0.03) and hunting activities (r =—1.85; P =0.03) were partic-
ularly significant for region C (see Supplementary Table S4.2 for
full results).

When asked about different management methods to deal
with Australian acacias (5.1 in Table 1), 25 per cent of the partic-
ipants did not have any experience. Among those who had, cut-
ting (46 per cent of all participants), physical removal (e.g. pulling;
35 per cent) and application of herbicides (i.e. chemical control;
40 per cent) were the most applied methods (Figure 4). Signif-
icant differences on the experience with management meth-
ods among regions were only identified for physical removal
(KW =10.00; P=0.018), which was particularly relevant for region
B (Z=2.84;P=0.03;see Supplementary Table S3.3 for full results).

Our survey showed that, in general, the participants did not
agree or disagree with the trading of acacias (6.1 in Table 1).
Nevertheless, the stakeholders from the four regions agreed
that existing legal instruments to deal with these trees are
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Figure 3 Average level of perceived impacts of Australian acacias on native biodiversity and on natural resources, as indicated by the participants of
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Figure 4 Average awareness level of distinct management methods applied for dealing with Australian acacias, as indicated by the participants of

the four study groups (A-D).

insufficient (6.2 in Table 1), and that management responsibilities
(6.3 in Table 1) should be shared among forest landowners and
associations as well as national and regional municipalities (see
Supplementary Table S5.2 for full results).

Discussion

This study explored stakeholders’ perceptions and knowledge
towards non-native Australian acacias across regions under dis-
tinct invasion extents and management concern in the North
of Portugal. The participants included in this study were mostly
represented by university-level and work-experienced stakehold-
ers, being responsible for decision-making and technical activ-
ity in the areas of agriculture, forestry and environment. Our

questionnaire-based survey showed distinct perceptions on inva-
sive species, on the invasion process and on the resulting impacts,
depending on the social-ecological context.

Contrasting perceptions of Australian acacias
and their introduction

The effectiveness of management actions towards non-native
species can be compromised by the inability to distinguish the
invader from apparently similar native species (Maki and Gala-
towitsch, 2004; Corbett et al., 2005). The responses to our ques-
tionnaires showed that almost half of the stakeholders did not
correctly distinguish native from non-native tree species. Other
studies had shown a lack of public ability to recognize native
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species (e.g. Genovart et al.,, 2013) or even to acknowledge the
broader concept of biodiversity (e.g. Lindemann-Matthies and
Bose, 2008). Severe consequences can emerge when biosecu-
rity actions—i.e. measures designed to prevent the origin and
spread of biological threats (Sutcliffe et al., 2018)—are mistak-
enly applied to native species instead of non-native species (e.g.
Somaweera et al., 2010). Examples include the misidentifica-
tion of the native Noisy Miner bird (Manorina melanocephala) as
an invasive Indian Myna bird (Acridotheres tristis), in Tasmania
(Lloyd, 2006); of native wood-boring beetles as an invasive Asian
Longhorn beetle (Anoplophora glabripennis), in Europe (MacLeod
etal., 2002); or of several invasive plants as natives in eastern USA
(Sarver et al., 2008).

Misidentification of invasive species can reduce management
effectiveness, while the lack of awareness on invasive species
can lead to the absence of any management decision or action
(Sharp et al., 2011; Novoa et al., 2017). Our study showed differ-
ent awareness levels on acacia species (Figure 2a), with stake-
holders from eastern regions (i.e. region D) presenting the lowest
ability to recognize Acacia longifolia and A. melanoxylon. These
acacia species are the least widespread species in eastern regions
of the study area (with A. longifolia even absent in those areas),
and thus the more unlikely to be identified. However, particular
attention should be paid given the likelihood of future envi-
ronmental changes to promote the expansion of these species
towards eastern parts of the study area (Vicente et al., 2013,
2016).

Australian acacias are known to have been introduced in
Portugal before 1900, and at least since the middle of the 17th
century (Fernandes, 2018). However, less than a fifth of the
targeted stakeholders (i.e. 17 per cent) indicated that these trees
were introduced before 1900. Most of the stakeholders indicated
the period 1950-2000 (47 per cent), followed by 1900-1950 (31
per cent), and only a few mentioned the period after 2000 (5
per cent). The interval dates indicated by the majority of partici-
pants seem to correspond to the periods, during which acacias
were already widespread in the study area. Increase in abun-
dance of invasive species and longer coexistence time between
these species and local people can lead to higher awareness of
invasive species occurrence and of their impacts (Shackleton et
al,, 2019b). It was also during the period 1950-2000 that the
notion of ‘invasive’, ‘aggressive’ and ‘damaging’ species became
prominent in conservation dialogues about Australian acacias in
Portugal (Fernandes, 2018). Legal instruments, awareness efforts
and management interventions focused on invasive acacias also
increased rapidly during this period (Fernandes, 2018).

Differential awareness of expansion and impacts
of acacias

There is a general agreement that Australian acacias have been
deliberately introduced in Portugal to support ecosystem func-
tions and produce resources and goods (Fernandes, 2018). In our
study, direct human action (e.g. cultivation) and the influence of
wildfires were reported as especially relevant for the dispersion of
Australian acacias in the territory, and particularly in the National
Park (i.e. region C; Figure 2b). Wildfires can act as drivers of seed
germination for acacias (Lorenzo et al., 2010). This is particu-
larly evident in Northern Portugal, which is among the European

regions with the highest incidence of fires (San-Miguel-Ayanz et
al., 2017).

The cultivation of Australian acacias has been mainly jus-
tified by ornamental usage (A. dealbata), to assist on coastal
dune stabilization (A. longifolia), and to obtain timber goods and
products (A. melanoxylon; Lorenzo et al., 2010; Fernandes 2018).
Our survey indicates several benefits from Australian acacias in
the study region, namely domestic heating and aesthetics, as
well as timber, soil fixation, honey and bean production. Longer
coexistence between people and invasive species can lead to
societal adaptation to those species with alternative uses (Vaz et
al., 2017b; Shackleton et al., 2019a). An emblematic example is
the adaptation of local communities and respective sociocultural
practices to the invader prickly pear (Opuntia ficus-indica), in
South Africa and Madagascar (Shackleton et al., 2007; Middle-
ton, 2012). Despite their invasive behaviour, local communities
worldwide have also adapted to Australian acacias by taking
advantage of their wood, tannins, flowers and seeds, among
others (Kull et al., 2011).

Although invasive trees can provide many benefits, there are
also risks to the environment, culture, health and socio-economy
(Dickie et al., 2014; Vaz et al., 2017a). Our survey indicates a
general agreement on that Australian acacias pose more risks
(negative impacts) than opportunities (benefits). Nevertheless,
different perception levels among stakeholders from the four
regions were identified (Figure 3). Specifically, stakeholders under
higher invasion exposure (i.e. region A) recognized the highest
levels of negative impacts, namely on landscape aesthetics, agri-
culture and wild biodiversity. Impacts of Australian acacias on
wild fauna and flora were also widely reported by stakehold-
ers responsible for decision-making in the National Park (i.e.
region C). Conversely, fewer impact levels were recognized by
the stakeholders under less concern about acacias (regions B) or
exposure to their invasion (region D). The plurality of stakeholder
perceptions on the benefits and impacts of invasive species has
been previously highlighted (Dickie et al., 2014; Gaertner et al.,
2017a,b). In the study areq, the different impact levels perceived
can be explained by: (1) differences in the coexistence time
with Australian acacias, and hence distinct awareness of their
impacts (i.e. region A versus D; Shackleton et al.,, 2019b) and (2)
distinct motivations, priorities and funding support associated to
decisions on conservation management (i.e. region B versus C;
Novoa et al., 2017, 2018; Shackleton et al., 2019c¢).

Implications for management: the role of stakeholders’
perceptions and awareness

Stakeholders are key in invasion management and general
environmental governance, since their perception and knowl-
edge on the social-ecological system inevitably influences
the decision-making process (Novoa et al., 2017; Reed, 2008;
Shackleton et al., 2019d). Our survey showed that a quarter of
the inquired stakeholders were inexperienced with any method
for managing Australian acacias. Moreover, stakeholders who
experienced at least one method, indicated cutting as the
prevailing management action, followed by chemical control
and physical removal (Figure 4). Since cutting alone can be
ineffective for controlling these species (actually stimulating
acacia seed germination and sprouting from rhizomes), our
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results highlight that awareness strategies should be rapidly
promoted, e.g. through scientific-based learning and technical
training, including environmental education and information
outreach campaigns (Marchante and Marchante, 2016; Schreck
Reisetal.,, 2013). These campaigns would allow the improvement
of stakeholders’ knowledge on invasive species (and wider
biodiversity values; e.g. Lindemann-Matthies and Bose, 2008),
their impacts and management (Novoa et al, 2017, 2018;
Shackleton and Shackleton, 2016).

Considering the results from our survey, these campaigns
could be particularly useful to: (1) avoid non-identifications and
misidentifications of non-native (and native) tree species; (2)
elucidate on the introduction and invasion history of Australian
acacias to better address future management measures; (3)
clarify the role of other, often indirect, human activities acting
as drivers for the dispersion of acacias (e.g. roads and rivers
as dispersion corridors or even climate change) and (4) inform
on effective management methods to deal with Australian aca-
cias, while providing adequate training for their implementation.
By doing so, further engagement from stakeholders could be
expected to strengthen biosecurity efforts focused on the control
of areas already invaded by acacias (i.e. the western part of our
study area). Also, they would assist on invasion prevention in
areas where acacias are expected to expand in the future (i.e.
the eastern part of the study area; Vicente et al., 2013, 2016).

The targeted stakeholders agreed that existing legal instru-
ments to deal with Australian acacias are insufficient, and that
management responsibilities should be shared among forest
landowners, forestry associations and national and regional
municipalities (and perhaps others). Therefore, any effort to
promote stakeholders’ engagement should be developed using
collaborative and communicative approaches (Schreck Reis et al.,
2013; Vaz et al., 2017b; Abrahams et al., 2019). This would allow
to better manage potential conflicting perceptions or interests
emerging from trade-offs between risks and opportunities
associated to the socio-economic, ecological and cultural values
of acacias (Estevez et al., 2015; Novoa et al., 2018; Shackleton
et al.,, 2019b). It could also pave the way to establish adaptive
mechanisms, such as the controversial economic exploitation
control (Geesing et al., 2004), which could constitute an option,
together with biocontrol measures (van Wilgen et al., 2012), to
deal with acacias in landscapes where eradication is already
unfeasible and control methods are too costly. The recent
EU Regulation 1143/2014 (on the prevention of invasive alien
species), transposed to the national law, and the upcoming
efforts from the IPBES-6 (on the assessment of invasive alien
species and their control), will constitute important instruments
for further clarifying stakeholders’ perceptions and advancing
their engagement in the management of invasive species.

Conclusions

In this study, we assessed stakeholders’ perceptions and knowl-
edge on non-native Australian acacias in Northern Portugal. We
applied a questionnaire-based survey to experienced stakehold-
ers and found that the majority of participants: (1) did not cor-
rectly distinguish native from non-native tree species, with stake-
holders less exposed to invasions presenting the lowest ability

to recognize Australian acacias; (2) failed to identify the time
period at which these acacias were introduced, and missed the
identification of important drivers of dispersion, and manage-
ment methods and (3) recognized more risks than opportunities,
but likely depending on the coexistence time with acacias, and
on distinct motivations, priorities and funding support associ-
ated to their management. We argue that technical training,
environmental education and information outreach are needed
to improve the identification of: (1) non-native trees; (2) their
introduction and invasion history; (3) drivers of dispersion; (4)
benefits and costs and (5) effective management methods. By
doing so, we are confident that stakeholders’ engagement would
contribute to the implementation of biosecurity efforts to con-
trol and even adapt to Australian acacias, under collaborative
and adaptive approaches, converging with European obligations
(EU Regulation 1143/2014) and wider international strategies
(IPBES—thematic assessment 6).

Supplementary data

Supplementary data are available at Forestry online.
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