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actions through a multi-stakeholder programme span-
ning multiple years, and (5) evaluate the effectiveness 
of implemented interventions. This study provides 
an in-depth examination of the research-action part-
nership and the operational framework, illustrating 
outputs for key priority sites. Our survey covered 
over 2500  ha, quantifying invasion degree in three 
vegetation strata at a fine-scale, and revealed signifi-
cant areas within subalpine vegetation which remain 
remarkably pristine. By adapting participatory con-
servation planning approaches, we developed imple-
mentation-level outputs at a scale useful for managers 
which guided interventions on the ground. The part-
nership exemplifies a transdisciplinary approach with 
a broad array of stakeholders. Drawing from a check-
list of essential components for successful partner-
ships, we highlight key insights from this initiative, 

Abstract  Effective management of invasive species 
within protected areas requires innovative solutions. 
In the Mascarene’s archipelago, the national park of 
Reunion contains the largest area of intact vegetation, 
which faces alarming threats from invasive alien plant 
species. In response, the local government initiated an 
inclusive partnership in 2018 involving decision-mak-
ers, managers, and scientists to address the manage-
ment of invasive alien plant species. An operational 
framework from planning to implementation has been 
established encompassing five key steps: (1) conduct 
a comprehensive site assessment, (2) model future 
threats, (3) prioritise interventions, (4) implement 
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providing valuable lessons for managing invasions 
in other regions. This framework holds promise for 
addressing several Global Biodiversity Framework 
Targets concerning plant invasions in island ecosys-
tems or within landscapes characterised by multi-lay-
ered governance.

French abstract  La gestion des invasions bi-
ologiques au sein des aires protégées nécessite des so-
lutions innovantes. Dans l’archipel des Mascareignes, 
la plus grande zone de végétation intacte se trouve 
dans le parc national de l’île de La Réunion, qui fait 
face à des menaces alarmantes telles que les espèces 
végétales exotiques envahissantes. Pour  y répondre, 
le gouvernement local a initié en 2018 un partenariat 
inclusif impliquant décideurs, gestionnaires et scien-
tifiques pour aborder la question de la gestion des es-
pèces végétales exotiques envahissantes sur l’île. Un 
cadre opérationnel allant de la planification à la mise 
en œuvre a été établi, englobant cinq étapes clés : (1) 
réaliser un diagnostic complet du site, (2) modéliser 
les menaces futures, (3) prioriser les interventions, (4) 
mettre en œuvre des actions à travers un programme 
multi-acteurs et pluriannuel, et (5) évaluer l’efficacité 
des interventions mises en œuvre. Cette étude offre un 
examen approfondi du partenariat recherche-action 
et du cadre opérationnel, illustrant les résultats pour 
deux sites prioritaires clés. Notre campagne de  ter-
rain a couvert plus de 2500 hectares, quantifiant le 
degré d’invasion dans trois strates de végétation à 
une échelle fine, indiquant des zones significatives de 
végétation subalpine qui restent remarquablement in-
tactes. En adaptant des approches de planification de 
conservation participative, nous avons développé des 
outils utiles pour les gestionnaires qui ont permis la 
mise en place des interventions sur le terrain. Le par-
tenariat illustre une approche transdisciplinaire avec 
un large éventail de parties prenantes. En nous appuy-
ant sur une liste de facteurs de réussite, nous mettons 
en avant les leçons clés tirées de cette initiative pour 
la gestion des invasions dans d’autres régions. Cette 
approche offre des perspectives prometteuses pour ré-
pondre à plusieurs objectifs du Cadre mondial pour 
la biodiversité concernant les invasions végétales dans 
les écosystèmes insulaires ou dans des contextes car-
actérisés par une gouvernance à plusieurs niveaux.

Keywords  Invasive species management · 
Restoration planning · Mascarenes · Reunion Island · 
Research-action partnership · GBF Targets

Keywords  Gestion des espèces envahissantes · 
Planification de la restauration · Mascareignes · Ile de 
La Réunion · Partenariat recherche-action · Objectifs 
du cadre mondial pour la biodiversité (GBF Targets)

Introduction

Invasive alien species now exceed the number of 
native plants in more than 25% of the insular ecosys-
tems, driving many recent extinctions (Bellard et  al. 
2016, 2017; IPBES 2023). To maximise the benefits 
of management actions, it is imperative to adopt strat-
egies encompassing a comprehensive set of coordi-
nated actions over a long period (García-Díaz et  al. 
2022). Strategies for managing invasive species to 
mitigate or reverse biodiversity decline remain a top 
priority at national and international scales; as high-
lighted by initiatives such as the “Global Biodiversity 
Framework” (CBD 2022) or the creation of intergov-
ernmental platforms such as IPBES (2023). In par-
ticular, Target 6 of the Global Biodiversity Frame-
work aims to reduce the introduction of invasive alien 
species by 50% and to minimize their impact (CBD 
2022). One of the key steps of effective alien plant 
management strategies consists in prioritisation to 
support cost-effective allocation of resources (Krug 
et  al. 2009; McGeoch et  al. 2016). Invasive species 
policy and management should prioritise pathways, 
sites or species based on the invasion stage and the 
desired management objectives.

For science to provide the necessary answers 
to translate into effective actions and to meaning-
fully influence decision-making, a two-way transfer 
of knowledge along a continuum between science 
and management is necessary, often referred as the 
"knowing-doing continuum" (Foxcroft et  al. 2020; 
see GBF Targets 20 & 21, CBD 2022). This connec-
tion between all the spheres of practice helps to close 
the "knowing-doing" or "Research-Implementation" 
gap (Knight et  al. 2008; Pfeffer and Sutton 1999) 
which tends to generate a barrier between science and 
management actions (Cook et  al. 2013). This gap is 
partly explained by the use of an inappropriate spatial 
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scale. Scientists often focus on broad conceptual prin-
ciples over large spatial scales, with an emphasis on 
methodological advances. However, managers usually 
encounter practical difficulties at more local and finer 
scales (Foxcroft et  al. 2020; McIntosh et  al. 2018). 
Published studies often lack fine-scale data such as 
invasion degree, implementation costs, operational 
factors, or restoration outcomes which are essential 
for informing prioritisation efforts. Although broad 
spatial scales are useful in providing general direction 
for management and monitoring efforts, strategies 
must be refined at finer scales. This facilitates effec-
tive implementation and establishes links between 
strategies and tangible actions on the field (Foxcroft 
et al. 2009). To maximise the relevance of scientific 
work to managers, it is also imperative to involve a 
wide range of stakeholders from the beginning of a 
project (Gonzalo-Turpin et  al. 2008; Matzek et  al. 
2015). Managers and decision-makers must there-
fore be seen as active participants rather than passive 
recipients of information (Dubois et al. 2020).

Reunion Island, a French tropical oceanic island, is 
one of the world’s biodiversity hotspots (Mittermeier 
et al. 2011). Although the destruction and transforma-
tion of habitats in Reunion following human activ-
ity is strongly marked, 25% of the original natural 
habitats remain preserved (Strasberg et  al. 2005). In 
2007, a national park was established to safeguard 
the rich biodiversity and high rate of endemism of 
La Reunion Island. Nevertheless, the island is faced 
with numerous threats, first and foremost the inva-
sion of alien plant species (Baret et  al. 2006; Cadet 
1977; Macdonald et al. 1991; Lavergne 1978) which 
spread throughout all ecosystems across the entire 
altitudinal range (Fenouillas et  al. 2021; Strasberg 
et  al. 2005). In 2017, UNESCO called for action to 
address the spread of invasive plant species on the 
island, highlighting the inadequate resource alloca-
tion. They emphasised the necessity to strengthen 
governance and coordination among stakeholders 
involved in biodiversity management (Osipova et  al. 
2017). Following this alert, a collaborative approach 
has been developed bringing together managers, deci-
sion-makers, funders and scientists to deal with alien 
invasive plant management in Reunion Island. In this 
study, we aim to present an operational framework 
from planning to implementation for managing plant 
invasions in tropical island ecosystems. Based on a 
multi-stakeholder process, we illustrate key stages 

of the framework through the case of Reunion Island 
and outline the lessons-learned into key ingredients 
for success that can be applied elsewhere to deal with 
alien plant management.

A step‑by‑step operational programme

Managing invasive species requires the involvement 
of a wide range of stakeholders for various tasks 
which include funding, gathering data, making deci-
sions, implementing actions and evaluating manage-
ment success. Often these stakeholders are involved 
in only one or two tasks, lacking coordination among 
them. As a result, actions can become disconnected 
and ineffective. For example, decisions might not 
be made based on the best-available information 
(Cheney et  al. 2018), management plans might not 
be implemented, or clearing operations might not be 
established in priority areas (van Wilgen et al. 2012, 
2022). In this paper, we define clearing operations as 
all actions needed to remove an invasive alien plant 
species or reduce its abundance. These include: early 
detection and local eradication, and containment. 
Associated actions considered in this programme 
also include surveillance and restoration (by planting 
indigenous species).

Here we established an integrated research-action 
partnership connecting all these tasks together. An 
operational programme was co-constructed with 
all partners involved in invasive plant management 
including funders, decision-makers, scientists, and 
managers. Our operational programme consisted of 
seven key steps, from (1) establishing a formal part-
nership to (7) evaluating actions (Fig. 1). Below, we 
present a concise overview of each step, emphasising 
on the rationale and major outcomes. We then illus-
trate key steps (3–5) in two sites identified as priority 
areas for conservation and restoration.

Step 1: Establish a long‑term partnership with 
formalised governance

In Reunion Island, the entire chain from knowledge 
to implementation for managing invasions was not 
well connected due to inadequate communication 
and integration among the wide range of stakehold-
ers involved (Fig.  2). In 2018, the establishment of 
this formal partnership addressed this issue bringing 
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Fig. 1   Operational programme for managing plant invasions in Reunion Island. This framework is not restricted to managing inva-
sions but can be applied to conservation programmes more generally

Fig. 2   Stakeholders’ involvement in the management of invasive species before and after establishing the research-action partner-
ship. This does not show the level of involvement of each institution but only their involvement in the operational programme
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together all relevant stakeholders with a clear govern-
ance structure (García-Díaz et al. 2022). By strength-
ening technical and scientific cooperation at all lev-
els, including at local level, this partnership is an 
example of how to achieve several targets from the 
Global Biodiversity Framework (CBD 2022), such as 
Target 14 “Integrate Biodiversity in decision-making 
at every level” and Target 20 “Strengthen Capacity-
Building, Technology Transfer, and Scientific and 
Technical Cooperation for Biodiversity”. Through the 
creation of this formal agreement, stakeholders were 
recognised and became actors in many tasks of the 
knowledge-implementation chain (Table  1, Fig.  2). 
Funders, scientists, decision-makers and managers 
were brought together in a working group to address 
the issue of managing plant invasions from funding, 
gathering data, decision-making, implementing and 
evaluating actions. Governance was a central issue 
to address from the start to clarify the role of each 
institution and how decisions were made (Conroy and 
Peterson 2013; García-Díaz et  al. 2022). Within the 
working group, technical decisions were taken based 

on consensus. The working group was accountable 
to a steering committee comprising the directorates 
of each institution. The steering committee ensured 
that the different steps of the framework were well-
connected and provided strategic guidance. The Local 
(Department) and the Regional Council provided 
political buy-in and ensured that this framework was 
part of a regional planning process. Importantly, this 
partnership was independent of specific project fund-
ing, leveraging internal resources from each institu-
tion to ensure long-term sustainability.

Step 2: Co‑develop an operational framework

The first task of this working group was to co-
develop an operational framework with shared objec-
tives among stakeholders. This was critical to close 
the research-action gap, or the knowing-doing gap 
which is commonly found in invasive species man-
agement (Foxcroft et al. 2020; van Rees et al. 2022). 
The operational framework clarified right upfront 
the goals and objectives—collectively-identified, 

Table 1   Stakeholders involved in the research-action partnership

Institution URL English name Role

Scientific agencies
CBNM www.​cbnm.​org Botanical Institute Data provider, conceptual development of 

approach, decision-making
CIRAD www.​cirad.​fr  French Agricultural Research Centre 

for International Development
Conceptual and technical development of 

approach, decision-making
UR www.​univ-​reuni​on.​fr University of Reunion Island Data provider, conceptual development of 

approach
Decision-makers
DEAL www.​reuni​on.​devel​oppem​ent-​

durab​le.​gouv.​fr/
Regional Branch of the French Ministry 

of Environment
Data provider, conceptual development of 

approach, decision-making
Department www.​depar​temen​t974.​fr/ Local Council Data provider, conceptual development 

of approach, decision-making, funding, 
implementation

Region www.​regio​nreun​ion.​com/ Regional Council Conceptual development of approach, 
decision-making, funding

Implementing agencies
ONF www.​onf.​fr/​la-​reuni​on National Forestry Office Data provider, conceptual development of 

approach, decision-making, implemen-
tation

PNRun www.​reuni​on-​parcn​ation​al.​fr/​fr National Park of Reunion Data provider, conceptual development 
of approach, decision-making, funding, 
implementation

SPL EDDEN www.​edden.​re/ Local Agency for Environmental Protec-
tion

Data provider, conceptual development of 
approach, decision-making, implemen-
tation

http://www.cbnm.org
http://www.cirad.fr
http://www.univ-reunion.fr
http://www.reunion.developpement-durable.gouv.fr/
http://www.reunion.developpement-durable.gouv.fr/
http://www.departement974.fr/
www.regionreunion.com/
http://www.onf.fr/la-reunion
http://www.reunion-parcnational.fr/fr
http://www.edden.re/
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and enabled scientists, decision-makers and manag-
ers to be involved in all the seven steps of the opera-
tional programme. Too often, key stakeholders, such 
as managers or implementing agencies are involved 
at the end of a linear chain of decision-making, 
which prevents uptake and implementation of the 
results (see Fig.  1 in van Rees et  al. 2022). Critical 
components of a transdisciplinary process encom-
pass collaboratively developing a shared conceptual 
framework, engaging in ongoing consultations, incor-
porating feedback loops at every stage, and generat-
ing knowledge that is valuable for users (Cockburn 
et al. 2016a; García-Díaz et al. 2022; Hirsch Hadorn 
et al. 2008).

To increase its likelihood of implementation, we 
co-developed by consensus the overall approach 
and the intended outcomes, to get acceptance by all 
stakeholders. This framework aimed to collect data 
to inform management decisions, prioritise actions 
for invasive plant management, coordinate the imple-
mentation effort among agencies, facilitate data shar-
ing among stakeholders, monitor the effectiveness of 
actions, and adjust the processes if needed. To ensure 
the framework remained implementable, each step 
of the framework was downscaled to the appropri-
ate implementation level, and user-friendly and user-
useful outputs have been generated. Such framework 
ensures that the best available data, information and 
knowledge are accessible to decision makers and 
practitioners as suggested by the GBF Target 21.

2.3. Step 3: Conduct site assessment

To identify management priorities and the actions to 
implement, a preliminary phase of evidence-based 
assessment is necessary. The data collected in the 
field should be sufficient to quantify the biodiversity 
at a site (e.g., mapping of habitat and species of spe-
cial concern), major threatening factors, and opera-
tional factors that will help with implementation (e.g. 
site accessibility and management history).

Mapping key features of biodiversity areas such as 
habitats and location of native species constituted the 
first part of the assessment. This enabled us to reflect 
accurately the biodiversity present on site and identify 
potential habitats and species of special concern. The 
second part consisted in the identification and map-
ping of threats; in our case we only considered inva-
sion by alien plant species as threats to biodiversity. 

Depending on the threats facing the studied area, this 
could include fire risk (Mandle et  al. 2011), habitat 
fragmentation (Honnay et al. 2002) or grazing caused 
by ungulates (Vavra et al. 2007). Detection and map-
ping of alien species is an important component of 
conservation and management efforts. Quantifying 
the invasion degree which indicates the extent of 
which a community has already been invaded (Cat-
ford et al. 2012; Guo et al. 2015) forms the basis of 
any invasive management strategy. To meet the needs, 
we developed a Rapid Assessment Method based on 
field-surveys quantifying invasion degree (see Online 
Resource 1). The key points of this protocol were that 
it considered strata differentiation (herbaceous includ-
ing seedlings, shrub and tree) and was rapid, simple 
and replicable in different habitats (see Fenouillas 
et al. 2024 for more detail), while remaining statisti-
cally robust. These characteristics made our protocol 
easy to use. Assessments of seed bank longevity and 
germination rates of key invasive alien plant species 
could also be included depending on resource avail-
ability (here we only assessed the presence of inva-
sive alien species seed banks). Standardised and sys-
tematic approaches for collecting data are key tenets 
of a well-designed long-term ecological management 
of invasive alien species (García-Díaz et  al. 2022). 
Remote sensing, which allows large-scale mapping of 
the current distribution of invasive alien plant species, 
can also be used to complement field surveys. The 
process of data collection was conducted thought-
fully, ensuring that the gathered information could 
be translated in a manner that would facilitate mean-
ingful and actionable outcomes. The site assessment 
should also consider operational criteria, such as site 
accessibility or the history of clearing operations, to 
guide the location of future clearing operations.

Step 4: Modelling future threats and intervention 
scenarios

Natural resource managers face an increasingly 
important challenge: how to manage ecosystems 
changing constantly under land use change, pollution, 
climate change, or invasive alien species impacts. 
These constant changes should be considered in long-
term management strategies. Studies on alien plant 
invasions should include spatial and temporal dynam-
ics as many alien species have largely extended their 
distribution range within the last century (Pyšek and 
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Hulme 2005). Ecological modelling and forecast-
ing of the environmental niches are appropriate to 
study alien plant species spatio-temporal dynamics 
and to orient management decisions (see Geary et al. 
2020; Baker and Bode 2021 for examples). These 
approaches could especially facilitate risk assess-
ment, spatial prioritisation at early stages of invasion 
and ranking sites for management. As part of our 
operational framework, an ecological model has been 
developed to assess the future spatio-temporal spread 
of invasive alien plant species (Online Resource 2). 
It represents ecological processes and life cycle 
stages at both individual and patch levels, including 
seed bank dynamics and dispersal, of key invasive 
alien plant species. The model consists of six mod-
ules related to key ecological processes, which can 
be customised for different life-forms (herbs, grass, 
shrub, tree or vine). These processes include: vegeta-
tive reproduction, sexual reproduction, establishment, 
growth and patch creation. The model can be used to 
guide management decisions for key invasive alien 
plant species based on projected future spread into 
key biodiversity areas.

In addition, one can evaluate the optimal man-
agement strategy among a range of scenarios using 
cost–benefit analysis or multi-criteria decision analy-
sis (Cullinane et al. 2019; Pouzols et al. 2012). Deci-
sions about invasive species management are often 
complicated as they involved trade-offs and com-
peting outcomes. For example, should managers 
focus on controlling large areas slightly invaded at 
a lower unit cost or fewer highly invaded areas at a 
much higher unit cost? Landscape simulation models, 
combined with economic tools, can inform invasive 
species control decisions (Cullinane et al. 2019) and 
become more efficient in the use of limited resources 
(Bennett et al. 2018).

Step 5: Spatial planning of clearing operations

Identifying priority species and sites for action is 
integral to enhancing spatial planning in the manage-
ment of invasive alien plant species (McGeoch et al. 
2016). Spatial planning involves the strategic alloca-
tion of resources and interventions across landscapes, 
considering the geographical distribution and eco-
logical context of invasive alien species. By identify-
ing priority sites for interventions, where the risk and 
impact of invasive alien plant species is the highest, 

managers can concentrate efforts where they are most 
needed. Targeting priority species is also essential 
because not all invasive alien species have the same 
ecological impact or spread rate. These targeted 
approaches ensure that resources are used efficiently 
to address areas that are most vulnerable or ecologi-
cally valuable and are tailored to the specific chal-
lenges posed by different invasive species.

To address the need for prioritisation, we draw on 
the considerable expertise of conservation planning 
(Groves 2013; Knight et al. 2006; Margules and Pres-
sey 2000) and adapted it to fit our needs. When imple-
menting Target 1 “Plan and Manage all Areas To 
Reduce Biodiversity Loss” of the GBF, spatial plan-
ning and conservation planning in particular can pro-
vide valuable insights. We combined all existing data 
on habitats, both threatened and endemic species, and 
the distribution of invasive alien plant species based 
on field data, modelled data and expert knowledge. 
We developed a participatory decision-making pro-
cess using a conservation planning tool -Zonation to 
identify biodiversity conservation priorities (Fenouil-
las et al. 2023). We used Zonation version 4 (https://​
github.​com/​cbig/​zonat​ion-​core/​relea​ses) to identify 
important areas to retain species of special concern 
and habitats taking into account invasion degree. 
These priority areas were selected to maximise biodi-
versity levels in areas slightly invaded. We combined 
key biodiversity areas with operational criteria to pri-
oritise areas for invasive alien plant species clearing. 
These operational criteria included clearing costs, 
accessibility, and the history of previous management 
programmes (see Fig.  3). Future dynamics, such as 
climate change (Kumschick et al. this issue) and inva-
sion debt (Rouget et al. 2016), could also inform key 
biodiversity areas and clearing priority areas.

In parallel, we developed an approach to prioritise 
alien plant species. It seemed essential to integrate 
both species-focused and habitat-based approaches 
to comprehensively address conservation needs. This 
is not commonly done, as most approaches focus 
either on species or specific areas for determining 
species spread and risk (see Foxcroft et  al. (2007) 
for an example of combining species and landscape 
approaches). Our process of species prioritisation 
entails recognising high-impact species through 
frameworks such as EICAT and other impacts 
schemes (Hawkins et  al. 2015). These species were 
prioritised according to distribution and abundance in 

https://github.com/cbig/zonation-core/releases
https://github.com/cbig/zonation-core/releases
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biodiversity conservation priorities previously identi-
fied. We established two distinct priority lists: one for 
emerging species and another for widespread species; 
enabling targeted efforts for the management of both 
emerging and established species.

Step 6: Implement actions through a 
multi‑stakeholders and multi‑years implementation 
programme

This step aims at translating priority maps into imple-
mentation of clearing operations. We used a partici-
patory approach to allocate clearing operations across 
implementation agencies. In doing this, we ensure to 
achieve a common goal while spreading the opera-
tions to be done across diverse stakeholders. Ensuring 
that operations on the ground are linked to an over-
all strategy is a difficult task as there are often gaps 
between assessment and implementation meaning 

that one is doing without the other (García-Díaz 
2022; Knight et  al. 2008). We considered the fol-
lowing criteria to allocate actions: priority areas and 
priority species from Step 5, annual budget, existing 
operations, intervention capabilities, implementa-
tion agency’s experience, and site access. Most of 
our operations were planned only for the following 
year, but we identified the need to secure long-term 
funding and conduct long-term planning of clearing 
operations. Long-term management for invasive alien 
plant species is often overlooked as many operations 
are planned for short periods (1–3  years) whereas 
it takes much longer to control most populations of 
invasive alien plant species.

To maximise the net benefits of clearing efforts, 
it is important to diversify stakeholders and opera-
tions (Shackleton et  al. 2019; García-Díaz 2022). 
In our plan we included different stakeholders (e.g. 
voluntary workers, forestry office, national park, job 

Fig. 3   Schematic illustrat-
ing the operation approach 
from field data to clearing 
operations. Field data and 
remote sensing analysis 
were combined to map 
invasion degree. Zonation, a 
conservation planning tool 
was used to identify key 
biodiversity areas. A map 
of clearing priority areas 
was produced which helped 
managers to select clearing 
operations for each site
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creation schemes) and a range of actions (e.g. surveil-
lance, population eradication, containment, restora-
tion by planting indigenous species). We developed 
fact sheets for managers to recommend clearing tech-
niques of key invasive alien plant species (Online 
Resource 3). The frequency and timing of control 
efforts should be adjusted based on seed bank dynam-
ics and dispersal patterns. It is also important to effi-
ciently prioritise resources allocated to the range of 
actions identified. For example, the forestry office, 
given its experience and work force, was better suited 
to containing invasive species in relatively accessible 
sites. The national park team, smaller but more flex-
ible, could target surveillance and population eradica-
tion in sites not easily accessible. Voluntary workers 
and participatory clearing operations were best suited 
to small, well-identified operations for invasive alien 
plant species that were easily identifiable.

In addition to mechanical and chemical clearing, 
biological control is an appropriate complementary 
clearing method to use, especially for widespread 
invasive species in remote areas. In Reunion Island, 
there has been one successful programme of biologi-
cal control targeting Rubus alceifolius, a vine invad-
ing natural habitats from lowlands to tropical mon-
tane forests (Cybèle et al. 2021). While such method 
requires a long research phase to identify suitable 
agents, several research programmes are currently in 
place to establish biological control programmes for 
invasive alien plants (such as Hiptage benghalensis) 
and insects (such as Acizzia uncatoides) invading nat-
ural habitats of the island.

Step 7: Evaluate the effectiveness of clearing 
operations

This last step is a critical one, which is often not 
included or planned for in managing biological inva-
sions (van Wilgen et  al. 2022). This step however 
determines the overall success and the need for fol-
low-up operations (Cheney et  al. 2020). As part of 
an adaptive management strategy, it allows for redi-
recting operations which did not achieve expected 
outcomes. Few evaluation schemes are available and 
range from simple administrative checks to outcome-
based evaluation (McConnachie et al. 2016).

In the past in Reunion Island, the forestry office 
(the main implementation agency) and the funding 
agency conducted their own evaluation (Rousse and 

Triolo 2016). For the funder, the focus was on pro-
ject monitoring in terms of budget spent, species and 
sites targeted, and overall effectiveness. The forestry 
office focused on levels of objectives being achieved 
and capacity to manage the site. Here we developed a 
rapid assessment method, based on the initial assess-
ment of invasion degree to evaluate several factors: 
the extent to which the abundance of invasive spe-
cies has decreased, the extent to which indigenous 
species regenerate, and the extent to which the indig-
enous vegetation cover, structure and diversity has 
recovered (Online Resource 4). Our monitoring and 
evaluation protocol of clearing operations has been 
designed with three levels of complexity to measure 
from broad changes in alien and indigenous veg-
etation to fine-scale seed bank expression following 
clearing operation. We used a comparative approach 
with counterfactuals to evaluate sites with and with-
out operations in similar conditions (habitat, invasion 
level) (McConnachie et al. 2016). Depending on the 
monitoring outcome, the clearing operation can be 
either considered as finalised, carried over to the next 
year or abandoned due to lack of success. Long-term 
monitoring and evaluation data is needed to assess 
the success of this operational framework.

Pilot sites: Plaine des Fougères and Grand Bénare

Here we illustrate key stages of the operational frame-
work for two priority sites: Plaine des Fougères and 
Grand Bénare (Fig. 4).

Description of pilot sites

Plaine des Fougères is a mountain rainforest site, 
ranging from 900 to 1900 m a.s.l. on the north-east-
ern side of Reunion Island. It is relatively difficult to 
access, with rugged topography and dense vegetation. 
It is characterised by several habitats: Acacia hetero-
phylla mountain rainforest, Pandanus wet thicket, 
and Erica shrublands on the higher parts, with vary-
ing degrees of invasion. Prior to this survey, it was 
thought to be relatively pristine due to its remote-
ness and was listed as a local key biodiversity area 
(Fenouillas et al. 2023).

Grand Bénare is a subalpine vegetation site, rang-
ing from 2000 to 2800  m a.s.l. on the western side 
of the island. It is easier to access with gentle slope 
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and open vegetation in most areas. In 2000’s it was 
subject to a series of intense wildfires which favored 
invasion by Ulex europaeus. It is characterised by 
several habitats: Acacia heterophylla mountain rain-
forest and thicket, Erica shrubland, and subalpine 
herblands with low levels of plant invasions. As this 
was the least invaded side on the western side, it was 
also considered as a key biodiversity area.

From field surveys to clearing operations

The importance of data on invasion degree (Step 3 
site assessment)

Our rapid-assessment method of invasion degree 
could be implemented in diverse landscapes (rang-
ing from 100 to 1000  s  ha) in tropical forests and 
subalpine mountain habitats. It took one person one 
day to survey between 7.2 and 22.2  ha (Plaine des 
Fougères: 125 person-days for 900 ha, Grand Bénare: 
54 person-days for 1200 ha), due to differences in site 
accessibility. The field-based evidence was essen-
tial to update our knowledge of invasion degree for 
both sites. In Plaine des Fougères, we found a much 
higher level of invasion than initially known (Online 
Resource 5) as only 9% of the area surveyed was 
free of invasive species. The field campaign was 

instrumental in refining priority areas for clearing and 
implementing key interventions for emerging species 
such as Ligustrum robustum, Strobilanthes hamiltoni-
ana and Cinchona officinalis (see Table 2). Unexpect-
edly, the field assessment for Grand Bénare revealed 
a low level of invasion, with 87% of the area consid-
ered free of invasive species (Fig. 5A). However, we 
found a few alien species of major concern such as 
Ulex europaeus, Acacia mearnsii and Pinus pinaster 
(Table  2). Here, the evidence gathered during the 
field survey highlighted a much lower invasion level 
than previously known and emphasized the impor-
tance of this site as a key biodiversity area.

Using conservation planning approaches to prioritise 
clearing operations (Step 5)

The method developed in this study allowed the iden-
tification of key biodiversity areas and priority sites 
and species for actions. The Plaine des Fougères site 
was more invaded than Grand Bénare site, around 
50% and 80% of the entire site have been identified by 
our analysis as key biodiversity areas for Plaine des 
Fougères and Grand Bénare respectively. The limited 
level of invasion in the Grand Bénare area implies 
several urgent priorities for actions (Fig.  5B). The 
primary focus remains on ongoing surveillance and 

Fig. 4   Map of study 
area (including habi-
tats) and pilot sites 
(Grand Bénare—1200 ha 
and Plaine des 
Fougères—900 ha)
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Table 2   Priority alien plant species for clearing

* Widespread species over the island but we focus on isolated populations in slightly invaded areas
Only emerging species are targeted here

Species Family Biological type Site Num-
ber of 
records

Operations

Cinchona officinalis L., 1753 Rubiaceae Shrub Plaine des Fougères 9 Clear isolated individuals
Strobilanthes hamiltoniana (Steud.) 

Bosser & Heine, 1988
Acanthaceae Herb Plaine des Fougères 35 Control outermost populations

Ligustrum robustum (Roxb.) 
Blume, 1851

Oleaceae Shrub Plaine des Fougères 38 Monitor spread

Ulex europaeus L., 1753* Fabaceae Shrub Grand Bénare 34 Clear outermost populations
Pinus pinaster Aiton, 1789 Pinaceae Tree Grand Bénare 3 Clear isolated individuals
Acacia mearnsii De Wild.* Fabaceae Tree Grand Bénare 1 Clear isolated individuals

Fig. 5   Illustration of steps 3, 5 and 6 of the operational frame-
work for the Grand Bénare site. Map of A invasion degree, B 
clearing priority areas and C proposed and ongoing interven-

tions for invasive alien species Ulex europaeus, Acacia mearn-
sii and Pinus pinaster)
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Early Detection and Rapid Response (EDRR) meas-
ures. Priority areas for clearing consisted of “inva-
sion fronts” representing accessible invaded areas 
close to slightly or non-invaded key biodiversity areas 
(Fig. 5B and C).

Implementing a multi‑stakeholder and multi‑years 
clearing programme (Step 6)

This coordinated approach led to the development 
of a multi-stakeholder and multi-year clearing pro-
gramme. Priorities identified through this study 
helped to spatially re-align existing clearing opera-
tions. It should be noted that over 93% of historical 
clearing operations (i.e. 563 ha) were already aligned 
with current priorities, which represent a good allo-
cation of more than 80% of the annual department’s 
budget (Fenouillas et  al. 2023). Various types of 
operations have been identified as priorities based on 
the different sites considered and the broad array of 
stakeholders. Some operations were species-based 
and some others were habitat-based. Different types 
of intervention (Table  3) included: (1) the Early 
Detection and Rapid Response (EDRR) strategy 
which  encompasses the interventions for both new 
species, emerging species, and newly invaded areas, 
(2) the targeted clearing for key emerging alien spe-
cies (Fig.  5C), (3) the targeted clearing around spe-
cies of special concern which aims to reduce the 
abundance of alien species located in the immediate 
vicinity of endangered native species populations 
in order to protect them, (4) the area-based clear-
ing which represents an intervention in an slightly 
invaded area where controlling IAS is still feasible, 
(5) the restoration of burnt areas, and (6) capacity 

building programme aiming at developing the skills, 
knowledge, and resources necessary among stake-
holders involved in invasive species management. 
Such broad range of actions, with a wide array of 
stakeholders is essential to contribute to GBF Target 
2 and 3 regarding the restoring of 30% of degraded 
ecosystems and conserving 30% of land.

General discussion

This paper proposes a step-by-step operational frame-
work integrating key stages along the knowing-doing 
continuum. We propose standardised methods for 
rapid assessment of invasion degree, spatial prioriti-
sation and we emphasize the role of governance and 
partnership among stakeholders. To ensure effec-
tiveness and increase its implementation, our frame-
work includes five central criteria for good public 
policy and natural resource management (justifiable, 
evidence-informed, actionable, quantifiable and flex-
ible) (García Díaz et  al. 2022). It is also framed in 
transdisciplinary collaborative thinking to address 
the major barriers to evidence-informed conservation 
policy and actions (Rose et al. 2018). We briefly dis-
cuss below two steps not often considered in invasive 
plant species management research and summarise 
key ingredients for success based on our collective 
experience.

Spatial planning of clearing areas has not received 
much attention in the published literature (Janu-
chowski-Hartley et  al. 2011; Mačić et  al. 2018) yet 
it stands as a pivotal step in optimising the utilisa-
tion of scarce resources, particularly in the manage-
ment of invasive species (Krug et al. 2009; McGeoch 

Table 3   List of interventions per site in 2022–2023

Sites Operation type Implementer/Stakeholders Area/nb

Grand Bénare/Plaine des Fougères Area-based clearing ONF 13 clearing operations (223 ha)
Grand Bénare/Plaine des Fougères Targeted clearing for key emerging 

alien species
ONF/PNR 16 clearing operations (9 ha)

Grand Bénare Early Detection and Rapid 
Response in intact areas

ONF 1 operation (1523 ha)

Grand Bénare Planting indigenous species ONF/PNR/CBNM 1 operation (100 individuals)
Grand Bénare Volunteer work PNR 1 clearing operation
Grand Bénare Capacity building programme Dept/SPL 1 operation
Grand Bénare Restoring burnt areas PNR 1 operation
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et al. 2016), hence achieving Target 1 of the GBF on 
planning for reduction in biodiversity loss. Drawing 
upon the extensive experience in conservation plan-
ning could provide valuable insights into prioritis-
ing the clearing of invasive alien plants (Reyers et al. 
2010). This proactive approach not only safeguards 
native biodiversity but also optimises the efficiency 
and effectiveness of invasive species management 
efforts (Forner et  al. 2022). Prioritisation is a com-
plex process which often require a transdisciplinary 
approach, the use of decision support tools is highly 
recommended to guide managers to apportion con-
servation budgets and optimise their investments in 
an objective and measurable way (Dana et  al. 2014; 
Forsyth et al. 2012; Masunungure et al. 2023). With 
the support of these tools, formal prioritisation pro-
cesses outperform individual judgment because they 
are transparent, replicable, and consider multiple fac-
tor (Forner et al. 2022).

Another area of future research concerns moni-
toring and evaluating the outcomes of interventions. 
These activities should be included in clearing pro-
grammes to improve effectiveness as it is essential 
for informing decision-making (van Wilgen et  al. 
2012; Bennett et al. 2018). Few studies have proposed 
standardised methods for monitoring and evaluating 
outcomes of clearing interventions (Cheney et  al. 
2018). As monitoring can be costly and time consum-
ing, one needs to identify the most efficient ways to 
conduct monitoring and evaluation (Bennett et  al. 
2018). Cost-effective approaches to monitoring could 
include the use of high spatial or temporal remote-
sensing imagery to detect changes in alien plant 
species abundance and distribution (Royimani et  al. 
2019). There are however important challenges and 

limitations to long-term monitoring to be addressed: 
(a) monitoring emerging invasive alien species might 
be challenging as they are often below the detection 
threshold for remote sensing and might require more 
intensive monitoring (Oswalt et  al. 2021); b) out-
comes of clearing operations might be seen after long 
time periods and would require long-term monitor-
ing (Norton 2009); (c) trade-offs between allocating 
resources to management or monitoring would have 
to be made (Bennett et al. 2018).

Key ingredients for success

A wide range of factors can influence the success of 
invasion management programmes. These include 
biological and ecological factors (related to the inva-
sive alien species or the recipient habitat), opera-
tional factors (such as clearing efficacy, budget) or 
governance-related aspects (such as coordination 
among different stakeholders). Here we focused 
mainly on governance and partnership issues as these 
are essential in establishing successful invasive spe-
cies control programmes (Lubell et  al. 2017; Shack-
leton et  al. 2019). Based on our experience and the 
literature, we identified some of the key ingredients to 
maximise the chance of success for similar invasive 
alien plant clearing programs (Table 4). These factors 
range from operational aspects around stakeholders’ 
engagement to the use of data. Of particular impor-
tance in such long-term programme, was the central 
role of good governance at different levels. This was 
made possible by the key role of the National Park of 
Reunion Island to drive this process as its mandate 
is to protect biodiversity concerns across 80% of the 
island and it has put in place clear policies to interact 

Table 4   Ingredients for success and level of achievement in Reunion Island

Risk level indicates the risk of not achieving this factor (L—Low, M—Medium, H—High)

Factors Why Level achieved Risk level Examples in Reunion

Operational knowledge-action partnership Closing the research-action gap *** L Fig. 2
Field data Accurate knowledge *** L Online Resource 1
User friendly and user implementable outcomes Priority area

Priority programmes
** L Fig. 4

Multi-years and multi-stakeholders programme Long-term restoration goals * M Tables 1 and 3
Secure funding and governance Long-term persistence ** H
Diverse range of actions implemented (in suf-

ficient amounts)
Long-term persistence * M Table 3

Built-in evaluation protocols Adaptative management * L Online Resource 4
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with other stakeholders. This positioned the national 
park as a legitimate champion of this research-action 
programme. Achieving long-term sustainability of 
such partnership remains a challenge. While we man-
aged to achieve some levels of strategic governance 
by including this operational programme in medium-
term invasive alien species management strategy 
for Reunion Island and in operational programmes 
of all the partners involved, our program still lacks 
strong political governance with long-term politi-
cal commitment. Long-term sustainability would 
require building flexible governance agreements that 
consider horizontal (within same level) and vertical 
(between levels) institutional connections. This will 
provide more effective adaptation to changing social 
and ecological conditions (Folke et al. 2005; Ostrom 
2010). Long-term partnership needs constant atten-
tion to cope with changes in partner organisations, 
in a process of adaptive co-management (Armitage 
et al. 2009; Adams et al. 2016). This can be achieved 
by regular reviews and evaluation of the partnership 
(Cockburn et  al. 2016b), including stakeholders’ 
commitment and the extent to which the partner-
ship meets the objectives of the different partners. 
A mixed funding model with external and internal 
funds will ensure the long-term sustainability of such 
a partnership (Adams et  al. 2016). This echoes the 
need for long-term funding of restoration programs to 
address the GBF Targets 2 and 6.

We detailed below one key factor, not often con-
sidered, which is the establishment of an operational 
partnership between stakeholders.

This partnership, created in 2018, established 
the framework for the transdisciplinary approach 
implemented to more effectively manage invasive 
alien plants in La Réunion. Similar approaches have 
already been initiated in other regions of the world 
(e.g. García-Díaz et al. 2022). For example, the work 
of Cockburn et al. (2016a) proposes a conceptual and 
operational framework to bridge the gap between sci-
ence and action through a partnership approach. In 
this section, we show how the partnership established 
in our approach largely adheres to the best practices 
outlined by Cockburn et al. (2016a). The success of a 
partnership requires a certain level of investment ini-
tially; Fig. 6 presents a set of conditions that should 
be met to promote the success of such partnerships. 
These conditions are presented as actions organised 
at four different levels: (a) between organisations, (b) 

within organisations, (c) within the team, and (d) at 
the individual level. While implementing GBF Tar-
gets, especially Target 20 and 21 on strengthening 
partnership and mobilising best-available knowledge, 
it is crucial to bear these factors in mind.

In our case, two key factors outlined below have 
significantly contributed to action (a), namely bridg-
ing the science-action gap. Firstly, the establishment 
of the Working Group served as a boundary organisa-
tion where various stakeholders could come together 
and exchange ideas freely. Within this space, the 
three levels of governance and their regular interac-
tions facilitated long-term interactions among differ-
ent project stakeholders. These sustained interactions 
and the resulting knowledge-sharing between institu-
tions often have more significant impacts on the field 
than the research results themselves (Shackleton et al. 
2009). The establishment of cross-cutting workspaces 
or boundary organisations not only involves design-
ing research programs and co-generating knowledge 
but actively contributes to the creation of social capi-
tal through the development of new relationships, 
work networks, and collaborations among partici-
pants (Cockburn et al. 2016a; Harris and Lyon 2013). 
Secondly, a formal binding agreement was also 
drafted, serving as a conceptual framework for the 
project. The drafting of such a document makes the 
joint research vision within the partnership tangible 
(Morse et al. 2007) and formally defines the roles of 
each party to ensure that researchers and implementa-
tion managers work together in a balanced manner.

Several characteristics have been implemented 
during the partnership, constituting a set of favour-
able conditions for its smooth progress (Fig. 6, action 
b). Participation in various workshops was inclusive 
as it was widely open to all voluntary participants. 
Resource-sharing was initiated early in the partner-
ship, enabling access to a significant database for the 
creation of several maps. All documents related to 
the approach, the implemented methodology, or the 
results obtained were widely shared with all partner-
ship members. An evaluation of the approach was 
also conducted.

Ultimately, these prerequisites can only be effec-
tive if project teams and participants possess cer-
tain characteristics to leverage the conducive 
working environment (Cheruvelil et  al. 2014). Iden-
tifying champions within each institution with a pre-
defined central role, the ability to collaborate between 
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institutions and individuals were crucial factors deter-
mining the success of a partnership (Fig. 6, actions c 
and d). We observed important changes in the Work-
ing Group over the months as work relationships, 
roles, and mutual trust were established (O’Connor 
et al. 2021).

In conclusion, while challenges have been identi-
fied to implement the GBF Targets (Li et  al. 2023), 
our approach provides some direction to implement 
some of the GBF Targets at the local level. This oper-
ational framework contributes directly to the Global 
Biodiversity Framework Target 1 “Plan and Man-
age all Areas To Reduce Biodiversity Loss”, Target 
2 “Restore 30% of all Degraded Ecosystems”, Tar-
get 3 “Conserve 30% of Land, Waters and Seas”, 
Target 6 “Reduce the Introduction of Invasive Alien 

Species by 50% and Minimize Their Impact”, Tar-
get 20 “Strengthen Capacity-Building, Technology 
Transfer, and Scientific and Technical Cooperation 
for Biodiversity”, Target 21 “ Ensure That Knowl-
edge Is Available and Accessible To Guide Biodi-
versity Action” and could potentially contribute to 
Target 8 “Minimize the Impacts of Climate Change 
on Biodiversity and Build Resilience” and Target 14 
“Integrate Biodiversity in Decision-Making at Every 
Level”. The entire operational framework, or steps 
of it, can be applied in many regions where invasive 
species management requires a multi-stakeholder 
approach. One can scale it from small areas (few km2) 
to larger ones (tens of thousands km2) by adjusting 
sampling distance (Step 3). It is particularly adapted 
to ecosystems invaded by large numbers of invasive 

Fig. 6   Enabling actions for 
building successful partner-
ships (from Cockburn et al. 
2016a)
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alien plant species where prioritisation is needed 
(such as islands) and has been applied in grasslands, 
forest and shrublands. Invasive alien species manage-
ment on Reunion Island has strongly benefited from 
exchange and learning networks with regions of the 
world facing similar challenges. We have established 
a regional cooperation programme with South Afri-
can National Parks in particular to share experience 
and improve management and recommend establish-
ing similar learning networks elsewhere. We believe 
that this framework holds promise for addressing 
plant invasions in island ecosystems or within land-
scapes characterised by multi-layered governance.
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