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Figure 1. Conceptualization of ecosystem state shifts due to non-indigenous species (NIS) using a ball-
and-ŎǳǇ ƳƻŘŜƭΦ 9ŀŎƘ ŎǳǇ ǊŜǇǊŜǎŜƴǘǎ ŀ ǇƻǘŜƴǘƛŀƭ ǎǘŀōƭŜ ǎǘŀǘŜΣ ǿƛǘƘ ǘƘŜ ōŀƭƭ ŘŜǇƛŎǘƛƴƎ ǘƘŜ ŜŎƻǎȅǎǘŜƳΩǎ 
current condition. Each state comprises a panarchy of adaptive cycles maintained by feedback loops 
occurring across various spatial and temporal scales, offering distinct opportunities at different levels 
for NIS to exploit. Thresholds between cups indicate points where the ecosystem may shift to a less 
(or more) desirable state. Modified from Chaffin et al. (2016) and Ralston and Sarr (2017). ................ 1 

Figure 2. (A) Collaboration map of authors involved in papers related to non-indigenous species control 
in the Mediterranean. (B) Number of articles attributed to each country based on author affiliations.
 ............................................................................................................................................................. 10 

Figure 3. Co-occurrence network of keywords from the literature review on non-indigenous species 
control, organized using the Walktrap clustering algorithm. ............................................................... 11 

Figure 4. Multiple Correspondence Analysis (MCA) showing the relationship between key research 
themes in non-indigenous species control studies of the literature review. ........................................ 11 

Figure 5. Thematic map categorizing research themes into Motor, Emerging, or Declining, Niche 
themes, or Basic Themes. Motor Themes like 'biological invasions' and 'climate change' are shown as 
central and mature, indicating a well-established research foundation. Emerging themes such as 'blue 
crabs' and 'eastern Mediterranean' signal growing areas of academic interest, while Niche themes 
identify areas with specialized research. .............................................................................................. 12 

Figure 6. Trajectory of documents extracted from the Scopus database on January 3, 2025, using the 
keyword terms outlined in the Methodology section and the RAD (Resist, Accept, Direct) classification. 
When none of the RAD strategies was clearly applied, the document was excluded from this 
illustration. ........................................................................................................................................... 13 

Figure 7. Alluvial chart illustrating the interconnections between the documents categorized by RAD 
strategy (Resist, Accept, Direct), the specific Measures employed, and the monitoring or evaluation 
methods used. ...................................................................................................................................... 13 

Figure 8. Frequency of control measure categories across the 53 case studies. Each bar represents the 
counts of case studies that used measures within the specified measure category. ........................... 14 

CƛƎǳǊŜ фΦ {ǘǊŜƴƎǘƘǎΣ ²ŜŀƪƴŜǎǎŜǎΣ hǇǇƻǊǘǳƴƛǘƛŜǎΣ ŀƴŘ ¢ƘǊŜŀǘǎ ŦƻǊ άŘŜǾŜƭƻǇƛƴƎ ŀƴŘ ƳŀƴŀƎƛƴƎ 
ŎƻƳƳŜǊŎƛŀƭ ŦƛǎƘŜǊƛŜǎέ ƳŜŀǎǳǊŜǎ ŦƻǊ ƴƻƴ-indigenous species control. ................................................. 17 

Figure 10. 5A: Relationship between fishing effort and yield, showing the parabolic curve that peaks at 
the Maximum Sustainable Yield (MSY) and declines with increased effort; 5B: Inverse logistic curves 
based on the logistic growth theory, demonstrating how ecological benefits vary with fishing efforts, 
increasing against harmful NIS and decreasing when beneficial NIS are impacted; 5C: Integration of 
yield data and ecological impacts to assess overall marginal benefits from varied fishing efforts; 5D: 
Expansion to include fishing costs and the categorization of species by ecological impact and 
commercial value, highlighting the optimization of net benefits through strategic fishing practices. . 19 

CƛƎǳǊŜ ммΦ {ǘǊŜƴƎǘƘǎΣ ²ŜŀƪƴŜǎǎŜǎΣ hǇǇƻǊǘǳƴƛǘƛŜǎΣ ŀƴŘ ¢ƘǊŜŀǘǎ ŦƻǊ άŜƴŎƻǳǊŀƎƛƴƎ ǊŜŎǊŜŀǘƛƻƴŀƭ ƘŀǊǾŜǎǘέ 
measures for non-indigenous species control. ..................................................................................... 22 
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This report provides a comprehensive, evidence-based examination of Non-Indigenous Species (NIS) 

management in the Mediterranean Sea. It highlights adaptive, ecosystem-based approaches that 

reconcile biodiversity conservation with socio-economic imperatives in a region uniquely vulnerable 

to invasive species. By integrating prevention, adaptive management, and sustainable use of NIS, 

Mediterranean stakeholders can maintain ecological stability and resilience amid accelerating climate 

change and intense human activities. 

The methodology combines a systematic literature review (following a PRISMA-style protocol) with 

global case study analyses and consultations with Mediterranean stakeholders. Findings affirm that 

prevention (e.g., strict biosecurity and early detection) remains the most cost-effective long-term 

strategy, yet the realities of rapidly warming seas and already-established invasions demand a wider 

suite of measures. In many instances, complete eradication of an NIS in open marine systems is not 

feasible, prompting a shift toward multi-faceted tacticsτsuch as localized removals, habitat 

restoration, and regulatory frameworks that align ecological priorities with livelihood needs. 

Increasingly, managers are exploring market valorisation of edible invaders, spatial control within 

Marine Protected Areas (MPAs), and adaptive harvest techniques that sustain local economies while 

avoiding further spread. 

The analysis concludes with nine priority measures for effective NIS management that emerged 

repeatedly from empirical evidence. These measures start with enhancing biosecurity and early 

detection protocols that emphasize prevention mechanisms while encouraging rapid-response 

mechanisms for incipient invasions. They similarly call for standardized, multi-parameter monitoring 

at key sentinel sites, where consistent data collection will inform impact assessments and guide 

interventions. In areas with major ecological or socioeconomic stakes, localized suppression of longer-

established ones can safeguard valuable habitats. Strengthening native predator communities and 

restoring essential ecosystems further protects against invasive pressures by enhancing trophic 

stability and resilience. For those NIS that cannot be eradicated, market valorisation and promotion of 

derivative products can help offset control costs and generate income, especially if accompanied by 

adaptive fisheries regulations that align exploitation levels with ecological objectives. Legislative 

reforms and robust socio-economic costςbenefit analyses offer a means to systematically decide when 

to ban, limit, or encourage the harvest of specific invaders, while well-crafted public education 

campaigns reinforce the necessary behavioural changes to control inadvertent introductions. Finally, 

all these measures depend on transboundary collaboration and multi-stakeholder co-management, 

ƎƛǾŜƴ ǘƘŜ aŜŘƛǘŜǊǊŀƴŜŀƴΩǎ ŎƻƴƴŜŎǘŜŘ ƴŀǘǳǊŜ ŀƴŘ ŘƛǾŜǊǎŜ ǇƻƭƛǘƛŎŀƭΣ Ŝconomic, and cultural contexts. 

Across all these measures, the Resist-Accept-Direct (RAD) framework helps managers navigate the 

complex choices between preventing unwanted changes (Resist), adapting to inevitable 

transformations (Accept), or leveraging certain NIS for broader socio-economic gains (Direct). 

Ultimately, transboundary collaboration and multi-stakeholder co-management are essential, given 

the MediterranŜŀƴΩǎ ƛƴǘŜǊŎƻƴƴŜŎǘŜŘ ǿŀǘŜǊǎ ŀƴŘ ǘƘŜ ŘƛǾŜǊǎŜ ǇƻƭƛǘƛŎŀƭΣ ŜŎƻƴƻƳƛŎΣ ŀƴŘ ŎǳƭǘǳǊŀƭ ŎƻƴǘŜȄǘǎ 

that shape NIS responses. This climate-adaptive and context-aware strategy offers a path to reconcile 

ŎƻƴǎŜǊǾŀǘƛƻƴ Ǝƻŀƭǎ ǿƛǘƘ ǘƘŜ ǊŜƎƛƻƴΩǎ ŘȅƴŀƳƛŎ ŜŎƻƭƻƎƛŎŀƭ ŀƴŘ ǎƻŎƛƻ-economic realities.
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/ƻǾŜǊƛƴƎ ƭŜǎǎ ǘƘŀƴ м҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ƻŎŜŀƴ ǎǳǊŦŀŎŜΣ ǘƘŜ aŜŘƛǘŜǊǊŀƴŜŀƴ {Ŝŀ ƘŀǊōƻǳǊǎ ƴŜŀǊƭȅ мл҈ ƻŦ 

global marine biodiversity, making it one of the most biodiverse semi-enclosed seas (Boudouresque, 

2004; Coll et al., 2010). This richness is a product of its geological history and its role as a nexus between 

temperate and tropical biogeographical regions. The unique conditions of the Mediterranean, its 

salinity gradients, temperature regimes, and biogeographical position (Bas, 2009), have driven the 

evolution of species and genetic traits uniquely adapted to its environments. 

The Mediterranean Sea has historically supported biodiversity and ecosystem services, providing the 

foundation for fisheries, tourism, and coastal livelihood for over 250 million inhabitants. The ecosystem 

services relied on a sustained resilience which preserved key functions, such as nutrient cycling, carbon 

sequestration, and habitat provision. Resilient ecosystems can buffer against cascading effects of 

disturbances, including those induced by overfishing, pollution, and climate-induced stressors such as 

marine heatwaves ό/ƾǘŞ ϧ 5ŀǊƭƛƴƎΣ нлмлΤ hΩ[ŜŀǊȅ et al., 2022).  

In the context of Non-Indigenous Species (NIS), the question of resilience becomes particularly complex. 

Resilient ecosystems may initially resist the establishment of NIS due to their inherent ecological 

balance and capacity to absorb pressures. However, once critical thresholds are crossed, these systems 

may undergo regime shifts, transitioning into alternative stable states that differ significantly from their 

historical configurations (Figure 1) (Chaffin et al., 2016). These shifts are often triggered by the 

proliferation of invasive species, which exploit vulnerabilities created by other stressors such as 

overfishing, climate change, or habitat degradation.  

 

CƛƎǳǊŜ мΦ /ƻƴŎŜǇǘǳŀƭƛȊŀǝƻƴ ƻŦ ŜŎƻǎȅǎǘŜƳ ǎǘŀǘŜ ǎƘƛƊǎ ŘǳŜ ǘƻ ƴƻƴπƛƴŘƛƎŜƴƻǳǎ ǎǇŜŎƛŜǎ όbL{ύ ǳǎƛƴƎ ŀ ōŀƭƭπŀƴŘπŎǳǇ 
ƳƻŘŜƭΦ 9ŀŎƘ ŎǳǇ ǊŜǇǊŜǎŜƴǘǎ ŀ ǇƻǘŜƴǝŀƭ ǎǘŀōƭŜ ǎǘŀǘŜΣ ǿƛǘƘ ǘƘŜ ōŀƭƭ ŘŜǇƛŎǝƴƎ ǘƘŜ ŜŎƻǎȅǎǘŜƳΩǎ ŎǳǊǊŜƴǘ ŎƻƴŘƛǝƻƴΦ 
9ŀŎƘ ǎǘŀǘŜ ŎƻƳǇǊƛǎŜǎ ŀ ǇŀƴŀǊŎƘȅ ƻŦ ŀŘŀǇǝǾŜ ŎȅŎƭŜǎ ƳŀƛƴǘŀƛƴŜŘ ōȅ ŦŜŜŘōŀŎƪ ƭƻƻǇǎ ƻŎŎǳǊǊƛƴƎ ŀŎǊƻǎǎ ǾŀǊƛƻǳǎ ǎǇŀǝŀƭ 
ŀƴŘ ǘŜƳǇƻǊŀƭ ǎŎŀƭŜǎΣ ƻũŜǊƛƴƎ ŘƛǎǝƴŎǘ ƻǇǇƻǊǘǳƴƛǝŜǎ ŀǘ ŘƛũŜǊŜƴǘ ƭŜǾŜƭǎ ŦƻǊ bL{ ǘƻ ŜȄǇƭƻƛǘΦ ¢ƘǊŜǎƘƻƭŘǎ ōŜǘǿŜŜƴ ŎǳǇǎ 
ƛƴŘƛŎŀǘŜ Ǉƻƛƴǘǎ ǿƘŜǊŜ ǘƘŜ ŜŎƻǎȅǎǘŜƳ Ƴŀȅ ǎƘƛƊ ǘƻ ŀ ƭŜǎǎ όƻǊ ƳƻǊŜύ ŘŜǎƛǊŀōƭŜ ǎǘŀǘŜΦ aƻŘƛŬŜŘ ŦǊƻƳ /ƘŀŶƴ Ŝǘ ŀƭΦ 
όнлмсύ ŀƴŘ wŀƭǎǘƻƴ ŀƴŘ {ŀǊǊ όнлмтύΦ 
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They can result in profound reconfigurations of ecosystem structure and function which are typically 

difficult to predict, costly to reverse, and have substantial impacts to ecosystem services and human 

well-being (Andersen et al., 2009; Hastings & Wysham, 2010).  

In an era of climate change and escalating ecological transformations, the Mediterranean Sea is a global 

hotspot for biotic and abiotic changes (Moullec et al., 2019). Major introduction pathways for the NIS 

in the region are Corridors (interconnected manmade waterways), Transport (stowaway; transfer via 

biofouling and ballast waters), and Escape From Confinement (aquaculture and aquarium releases) 

(Katsanevakis et al., 2013). The number of NIS in the region has been accelerating, with around 1000 

multicellular NIS, showing a 40% increase in 11 years (Zenetos et al., 2022). Over 750 of the species are 

established and extend their geographical range northwards and westwards, while native species are 

in decline (Givan et al., 2018; Azzurro et al., 2019c). The spread rate of NIS within the Mediterranean 

Sea appears to have exponentially increased after the beginning of this century compared to earlier 

(Azzurro et al., 2022; Wesselmann et al., 2024). Climate change is expected to exacerbate the spread 

of thermophilic NIS, giving them a competitive advantage over native species (Moullec et al., 2019; Ofir 

et al., 2023). Such rapid changes, occurring faster than in other regions, have been classifying the 

Mediterranean Sea as the most invaded sea worldwide (Bailey et al., 2020). 
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Historically, strategies addressing NIS have been predominantly conservation-centric, emphasizing the 
eradication and containment of these species to safeguard native biodiversity. However, as described 
by IUCN (2000)Σ bL{ ƛƳǇŀŎǘǎ ŀǊŜ ƻŦǘŜƴ ΨƛƳƳŜƴǎŜΣ ƛƴǎƛŘƛƻǳǎΣ ŀƴŘ ǳǎǳŀƭƭȅ ƛǊǊŜǾŜǊǎƛōƭŜΩΦ ¢ƘŜȅ Ŏŀƴ ŀŦŦŜŎǘ 
nature at all ecological levels, contribute to the extinction of native species, and disrupt the 
contributions of nature to people (Bacher et al., 2023). While preventive measures remain critical, 
efforts to restore ecosystems to their pre-invaded or historical conditions are often impractical and 
prohibitively costly, particularly when species are established. Successful eradications in marine 
systems are rare and typically limited to species detected at an early stage, prior to significant spread 
(Simberloff, 2021). As highlighted by the recent assessment of the Intergovernmental Science-Policy 
Platform on Biodiversity and Ecosystem Services (IPBES) on invasive alien species and their control, 
restoration in marine and connected systems has been largely ineffective and adaptive management 
that integrates ecosystem-based approaches can improve management outcomes and enhance 
ecosystem functioning (Roy et al., 2023). While addressing the urgent need to mitigate climate change 
remains paramount, there is also a critical need for proactive stewardship of the adaptive capacity of 
the biosphere as it undergoes rapid transformations (Moore & Schindler, 2022).   

During such unprecedented ecological transformations, efforts to maintain or restore previous 
ecological balances may prove counterproductive, as these systems now persist in novel configurations. 
These new states are characterized by altered species compositions, redefined ecosystem functions, 
and transformed socio-economic dynamics. Emerging evidence suggests that many NIS can contribute 
positively to biodiversity reinforcing and strengthening structural and functional ecosystem processes, 
for instance, by creating novel habitats, regulating other invasive species, serving as food sources, or 
through ecosystem engineering (Rilov et al., 2022; Tsirintanis et al., 2022; Katsanevakis et al., 2024) . 
There is a growing recognition of the need to incorporate the dual nature of NIS impacts into impact 
assessment frameworks, evaluating both their beneficial and detrimental effects (Vimercati et al., 2020; 
Gozlan et al., 2024). In practice, management strategies largely overlooked the complex 
interdependencies within ecosystems and the socioeconomic realities into planning conservation 
frameworks, such as Marine Protected Areas (MPAs) and fisheries management (Giakoumi et al., 2016; 
Kleitou et al., 2022b). It is essential for conservation efforts to consider the environmental conditions 
and biological communities, including NIS, that are critical for sustaining the ecosystem functioning of 
the region (Giangrande et al., 2020). Embracing a pragmatic and holistic approach that accounts for 
these complexities and permanence of alternative stable states is essential for achieving Targets 1, 3, 
10, and 11 of the Kunming-Montreal Global Biodiversity Framework (GBF) (Katsanevakis et al., 2024).  

Managing a complex ecosystem to balance the delivery of its services lies at the core of ecosystem-
based management (Palumbi et al., 2009). Adaptive governance builds on these principles, offering a 
flexible, dynamic, and context-specific framework for addressing the uncertainties and complexities 
associated with NIS (Chaffin et al., 2016). By integrating socio-ecological feedbacks, adaptive 
governance enables management strategies to evolve, enhancing system resilience to undesirable 
changes or facilitating transitions to more desirable states (Chaffin et al., 2014). This approach relies on 
the adaptation ability to reorganize resources, foster learning, and respond proactively to shifting 
ecological and socio-economic conditions, ensuring that management remains effective in the face of 
rapid change (Metcalf et al., 2015). 
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A practical tool of adaptive governance is the Resist-Accept-Direct (RAD) framework, which expands 
response options beyond traditional management approaches focused on maintaining stationary 
conditions. Instead, RAD recognizes the realities of managing nonstationary and novel conditions, 
where historical baselines are no longer reliable as management benchmarks (Schuurman et al., 2022) 
Developed in the United States over the past decade, the RAD framework has gained consensus and 
significant interest for its applicability in transformation changes based on the recognition that change 
is inherent in natural systems (Schuurman et al., 2020; Williams & Brown, 2024). It provides managers 
with three fundamental strategies for adapting to the existing conditions and system state 
transformations: (1) resisting, (2) accepting, or (3) directing changes in ecosystem processes, functions, 
structures, or composition (Aplet & Cole, 2010; Lynch et al., 2021; Thompson et al., 2021)  

In the Resist approach, management interventions aim to maintain or restore ecosystem processes, 
function, structure, or composition to historical or acceptable current conditions. In contrast, the 
Accept approach involves accepting the trajectory of change by recognizing and allowing ecosystems 
to transition into new and unprecedented states without direct intervention, often in situations where 
restoration is impractical or cost prohibitive. Finally, the Direct approach actively shapes ecosystem 
trajectories toward desired new conditions, optimizing ecosystem services and socio-economic 
outcomes by transforming ecosystems into states better aligned with current and future climates or 
resource needs. 

Implementing a holistic framework for managing Non-Indigenous Species (NIS) in the Mediterranean 
necessitates a unified approach that aligns ecological integrity with socio-economic objectives. This is 
crucial for mitigating adverse effects and maximizing benefits across diverse Mediterranean contexts. 
Our methodological approach integrates various analytical dimensions: 

1. Systematic review: We conducted a comprehensive bibliographic review to gather existing 
research on NIS control in the Mediterranean. 

2. Integration of practical knowledge: We supplemented our review with global case studies 
that apply RAD strategies, alongside consultations with Mediterranean experts actively 
engaged in NIS management. 

3. Synthesis and strategy development: We have formulated a blueprint for NIS control in the 
Mediterranean, detailing potential strategies through two complementary lenses: (1) RAD 
strategies targeting ecological objectives and (2) RAD strategies addressing socio-economic 
goals. 
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To generate an overview of the current research on marine NIS control in the Mediterranean, we 
conducted a systematic review ŦƻƭƭƻǿƛƴƎ twL{a!πǎǘȅƭŜ ƎǳƛŘŜƭƛƴŜǎ ŀŘŀǇǘŜŘ ǘƻ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǎŎƛŜƴŎŜ 
context. On January 3, 2025, we ran a bibliometric search in the Scopus database. While Scopus has 
recognized gaps such as fewer non-English or pre-2000 records, these were deemed acceptable given 
our focus on a recently emerged topic and the existing challenges today. 

To construct our database, we performed a keyword search on titles, abstracts, and keywords using the 
ŦƻƭƭƻǿƛƴƎ ǉǳŜǊȅΥ όάƴƻƴπƴŀǘƛǾŜέ hw άƴƻƴπƛƴŘƛƎŜƴƻǳǎέ hw άƛƴǾŀǎƛǾŜέ hw άŀƭƛŜƴέύ !b5 όάƳŀǊƛƴŜέ hw 
άƭŀƎƻƻƴέύ !b5 όάaŜŘƛǘŜǊǊŀƴŜŀƴέύ !b5 όάƳŀǊƪŜǘέ hw άŎƻƴǘǊƻƭέ hw άǊŜƳƻǾŀƭέ hw άōƛƻŎƻƴǘǊƻƭέ hw 
άōƛƻƭƻƎƛŎŀƭ ŎƻƴǘǊƻƭέ hw άŎǳƭƭƛƴƎέ hw άƘŀǊǾŜǎǘƛƴƎέ hw άƳŀƴŀƎŜƳŜƴǘέ hw άŜȄǇƭƻƛǘŀǘƛƻƴέ hw άŦƛǎƘŜǊȅέύΦ 
We applied filters to exclude conference papers, notes, and other unclassified publications, resulting in 
an initial retrieval of 406 records.  

 

We excluded items classified as reviews (n=45), conference papers (n=10), notes (n=2), and short 
surveys (n=1). This preliminary screening narrowed the dataset to 381 records, ranging from the oldest 
in 1999 to the most recent in 2025. 
Individual review of the abstract and the full text of these 381 articles were then conducted and 
assessed thoroughly for eligibility according to these criteria: 

1. The study must concern marine or brackish habitats within the Mediterranean,  
2. It must propose, implement, or discuss applied control/management/mitigation of NIS,  
3. If a review/perspective, it had to propose a tangible framework or model relevant to NIS 

control. 
! ŦǳƭƭπǘŜȄǘ ǊŜǾƛŜǿ ƻŦ ǘƘŜǎŜ ŘƻŎǳƳŜƴǘǎ ŜȄŎƭǳŘŜŘ ŀ ŦǳǊǘƘŜǊ мор ǇǳōƭƛŎŀǘƛƻƴǎ ǘƘŀǘ ŘƛŘ ƴƻǘ ƳŜŜǘ ƻǳǊ 
inclusion criteria (e.g., purely terrestrial/freshwater contexts, no applied measures, or insufficient detail 
on control). To maintain a sharp focus on applied control methods for NIS in the Mediterranean marine 
and brackish water environments, 'monitoring' was initially excluded from the search terms but 
retrieved studies focusing on monitoring were still considered eligible for analysis. 

Following eligibility screening, 246 articles remained in the corpus (Supplementary Material 1). From 
each of the articles, we extracted bibliographic metadata (publication year, journal, country of study, 
etc.), and we classified each study following a RAD framework (Resist, Accept, Direct, or N/A if none 
clearly applied, based on the control methods discussed and the general sentiment or implications 
conveyed by the authors regarding NIS management, along with a Measure (adapted list from Azzurro 
et al. (2024b): #1 Develop & Manage A Commercial Fishery, #2 Encourage Recreational Harvesting, #3 
Market Promotion & Valorisation, #4 Education & Public Awareness, #5 Foster Stakeholder 
Engagement, #6 Implement Spatial Control ς Targeted Removals, #7 Implement Biological Control, #8 
Restore & Protect Ecosystems, #9 Do Nothing (Passive Acceptance), #10 Monitoring, Models, Risk 
!ǎǎŜǎǎƳŜƴǘΣ Імм .ƛƻǎŜŎǳǊƛǘȅύ ŀƴŘ aƻƴƛǘƻǊƛƴƎ CƻŎǳǎ όŜΦƎΦΣ ά{ǇŜŎƛŜǎ ŘŜǘŜŎǘƛƻƴΣέ άwƛǎƪ !ǎǎŜǎǎƳŜƴǘΣέ 
ά5ƛǎǘǊƛōǳǘƛƻƴ ƳƻŘŜƭƭƛƴƎΣέ ŜǘŎΦύΦ !ƭǘƘƻǳƎƘ ƳƻƴƛǘƻǊing is not typically classified as an active measure 
(Robertson et al., 2020), it has been incorporated into the analysis because it underpins direct 
management interventions and is essential to any management strategy (Garcia-Lozano et al., 2025). 
CƛƴŀƭƭȅΣ ǿŜ ƴƻǘŜŘ ŀƴȅ ƳƻƴƛǘƻǊƛƴƎ ƻǊ ŜǾŀƭǳŀǘƛƻƴ ƳŜǘƘƻŘ ǘƘŜ ŀǊǘƛŎƭŜ ŜƳǇƭƻȅŜŘ όŜΦƎΦΣ ά{ǇŜŎƛŜǎ ŀōǳƴŘŀƴŎŜέ 
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ǾǎΦ ά!ǿŀǊŜƴŜǎǎ ŀƴŘ ŀŎŎŜǇǘŀƴŎŜέύ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ƳŜǘƘƻŘǎ ǳǎŜŘ ōȅ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊǎ ǘƻ ƳƻƴƛǘƻǊ ǘƘŜ 
effectiveness/relevance of the measure applied (Supplementary Material 1).  
Summarizing the literature review steps:  
ü Records identified (n=406) 
ü Duplicates removed (n=1) 
ü {ŎǊŜŜƴƛƴƎ Ҧ CǳƭƭπǘŜȄǘ ŜƭƛƎƛōƛƭƛǘȅ ŀǎǎŜǎǎƳŜƴǘ Ҧ 9ȄŎƭǳŘŜŘ όƴҐморύ 
ü LƴŎƭǳŘŜŘ ƛƴ ǘƘŜ Ŧƛƴŀƭ ŀƴŀƭȅǎƛǎ κ ǊŜǾƛŜǿ Ҧ Ŧƛƴŀƭ ŎƻǊǇǳǎ ƻŦ нпс ǎǘǳŘƛŜǎΦ 

 

¢ƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ōƛōƭƛƻƳŜǘǊƛŎ Řŀǘŀ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ƛƴ w {ǘǳŘƛƻ ǳǎƛƴƎ ǇŀŎƪŀƎŜǎ άǘƛŘȅǊέΣ άŘǇƭȅǊέΣ άƎƎǇƭƻǘнέΣ 
άƎƎŀƭƭǳǾƛŀƭέΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜ ŘȅƴŀƳƛŎǎ ƻŦ ǎŎƛŜƴǘƛŦƛŎ ŎƻƴǘǊƛōǳǘƛƻƴǎ ƻƴ bL{ ǿŜǊŜ ŦǳǊǘƘŜǊ ŀƴŀƭȅǎŜŘ ǳǎƛƴƎ ǘƘŜ 
free and open-source Bibliometrix R package and its accompanying graphical interface, Biblioshiny (Aria 
& Cuccurullo, 2017). We generated visual representations to illustrate both the social and conceptual 
frameworks of the NIS research landscape. We employed Multiple Correspondence Analysis (MCA) to 
assess interrelationships among the most prevalent keywords within our dataset. Keywords were 
managed through synonym lists to unify different expressions of similar concepts (e.g., 'fish', 'fishes', 
and 'fishery' were consolidated under a single term). Simultaneously, a thematic map was generated 
on the top 50 keywords to categorize identified themes into Motor, Emerging or Declining, Niche, and 
Basic themes using the Walktrap clustering algorithm.  

 

In this second phase, we complemented our bibliometric landscape analysis by conducting (1) a 
targeted literature review of global case studies and (2) engaged with experts throughout the 
aŜŘƛǘŜǊǊŀƴŜŀƴ ǊǳƴƴƛƴƎ ǇǊƻƧŜŎǘǎ ŦƻŎǳǎƛƴƎ ƻƴ bL{ ŎƻƴǘǊƻƭΦ ¢Ƙƛǎ ǘǿƻπǇǊƻnged approach broadened our 
scope beyond formally indexed scientific publications, allowing us to integrate practical knowledge, 
project results, and grey literature that might otherwise remain underrepresented.  

For each identified case study, we recorded the following attributes: 

¶ Case study title 

¶ Geographic location 

¶ Habitat/ecosystem type 

¶ Target NIS (species) 

¶ Project timeline 

¶ Lead organizations/implementers 

¶ Control measure categories (aligned with our #1ς#11 classification) 

¶ Description of control measure(s) (e.g., mechanical removal, biosecurity inspections, 
commercial valorisation) 

¶ Effectiveness & outcomes (e.g., reduction in nis biomass, improved native species recovery) 

¶ Challenges & barriers (e.g., insufficient funding, stakeholder resistance, technical difficulties) 

¶ Opportunities & innovations (e.g., novel removal technologies, new partnerships) 

¶ Lessons learned (e.g., best practices, transferability to other regions) 

 

Insights from both the systematic review (Phase 1) (and additional / relevant literature) and the 
ǘŀǊƎŜǘŜŘ ŎŀǎŜ ǎǘǳŘȅ ŀǇǇǊƻŀŎƘ όtƘŀǎŜ нύ ǿŜǊŜ ƛƴǘŜƎǊŀǘŜŘ ƛƴǘƻ ŀ ƳŜŀǎǳǊŜπōȅπƳŜŀǎǳǊŜ ŘƛǎŎǳǎǎƛƻƴ 
following the taxonomy introduced in Chapter 2.1.2. Each measure is presented with a cohesive 
structure, covering rationale, evidence from published sources, illustrative case study examples, critical 
observations, and a concluding SWOT analysis.   
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 RESULTS 

 

From 1999 to 2025 in total 1145 authors were involved in the production of the 246 papers that were 
reviewed. The analysis revealed a substantial growth in literature related to NIS control research efforts, 
with an annual increase rate of 5.48%. A significant portion of this research involves international 
collaborations, constituting 48.37% of the total output (Figure 2A). Corresponding authors were mainly 
from Italy (n=80) followed by Spain (n=33), Greece (n=28) and Israel (n=17). Among the articles, each 
counted once per affiliated country per author, 40% of the affiliations were associated with Italian 
organizations, followed by Spain at 18% and Greece at 14.5% (Figure 2B).  

 

 
 

 

 

 

 

 

 

 

 

CƛƎǳǊŜ нΦ ό!ύ /ƻƭƭŀōƻǊŀǝƻƴ ƳŀǇ ƻŦ ŀǳǘƘƻǊǎ ƛƴǾƻƭǾŜŘ ƛƴ ǇŀǇŜǊǎ ǊŜƭŀǘŜŘ ǘƻ ƴƻƴπƛƴŘƛƎŜƴƻǳǎ ǎǇŜŎƛŜǎ ŎƻƴǘǊƻƭ ƛƴ ǘƘŜ 
aŜŘƛǘŜǊǊŀƴŜŀƴΦ ό.ύ bǳƳōŜǊ ƻŦ ŀǊǝŎƭŜǎ ŀǧǊƛōǳǘŜŘ ǘƻ ŜŀŎƘ ŎƻǳƴǘǊȅ ōŀ ǎŜŘ ƻƴ ŀǳǘƘƻǊ ŀŶƭƛŀǝƻƴǎΦ  

(B)      

(A) 
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CƛƎǳǊŜ сΦ ¢ǊŀƧŜŎǘƻǊȅ ƻŦ ŘƻŎǳƳŜƴǘǎ ŜȄǘǊŀŎǘŜŘ ŦǊƻƳ ǘƘŜ {ŎƻǇǳǎ ŘŀǘŀōŀǎŜ ƻƴ WŀƴǳŀǊȅ оΣ нлнрΣ ǳǎƛƴƎ ǘƘŜ ƪŜȅǿƻǊŘ 
ǘŜǊƳǎ ƻǳǘƭƛƴŜŘ ƛƴ ǘƘŜ aŜǘƘƻŘƻƭƻƎȅ ǎŜŎǝƻƴ ŀƴŘ ǘƘŜ w!5 όwŜǎƛǎǘΣ !ŎŎŜǇǘΣ 5ƛǊŜŎǘύ ŎƭŀǎǎƛŬŎŀǝƻƴΦ ²ƘŜƴ ƴƻƴŜ ƻŦ ǘƘŜ 
w!5 ǎǘǊŀǘŜƎƛŜǎ ǿŀǎ ŎƭŜŀǊƭȅ ŀǇǇƭƛŜŘΣ ǘƘŜ ŘƻŎǳƳŜƴǘ ǿŀǎ ŜȄŎƭǳŘŜŘ ŦǊƻƳ ǘƘƛǎ ƛƭƭǳǎǘǊŀǝƻƴΦ  

 
CƛƎǳǊŜ тΦ !ƭƭǳǾƛŀƭ ŎƘŀǊǘ ƛƭƭǳǎǘǊŀǝƴƎ ǘƘŜ ƛƴǘŜǊŎƻƴƴŜŎǝƻƴǎ ōŜǘǿŜŜƴ ǘƘŜ ŘƻŎǳƳŜƴǘǎ ŎŀǘŜƎƻǊƛȊŜŘ ōȅ w!5 ǎǘǊŀǘŜƎȅ 
όwŜǎƛǎǘΣ !ŎŎŜǇǘΣ 5ƛǊŜŎǘύΣ ǘƘŜ ǎǇŜŎƛŬŎ aŜŀǎǳǊŜǎ ŜƳǇƭƻȅŜŘΣ ŀƴŘ ǘƘŜ ƳƻƴƛǘƻǊƛƴƎ ƻǊ ŜǾŀƭǳŀǝƻƴ ƳŜǘƘƻŘǎ ǳǎŜŘΦ  
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An array of case studies was assembled to illustrate how different regions, organizations, and 
stakeholders approach the control of NIS (Supplementary Material 2). These examples are not 
exhaustive; rather, they serve as representative snapshots showcasing diverse strategies, target 
species, habitats, and outcomes. They were identified through both our targeted literature review and 
expert consultations (Chapter 2), ensuring a blend of well-documented initiatives and more local or 
emerging Mediterranean efforts  

From both published literature (e.g. Critchley et al., 1986; Anderson, 2005; Mancinelli et al., 2017) and 
expert consultations (e.g., Pick the Alien, RELIONMED, LagoMEAL), a total of 54 case studies were 
identified (14 from expert consultations and 40 from published articles). The published studies were 
screened from Katsanevakis (2022) and Azzurro et al. (2024a). Each case study was tagged with one or 
more of the 11 control measure categories (Figure 8). Spatial control measures were the most common 
across the studies, with 29 instances predominantly sourced from published literature (n=26). 
Conversely, expert consultations primarily contributed to case studies focusing on market promotion 
and valorisation (n=12) (Figure 8).  

 
CƛƎǳǊŜ уΦ CǊŜǉǳŜƴŎȅ ƻŦ ŎƻƴǘǊƻƭ ƳŜŀǎǳǊŜ ŎŀǘŜƎƻǊƛŜǎ ŀŎǊƻǎǎ ǘƘŜ ро ŎŀǎŜ ǎǘǳŘƛŜǎΦ 9ŀŎƘ ōŀǊ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ Ŏƻǳƴǘǎ ƻŦ 
ŎŀǎŜ ǎǘǳŘƛŜǎ ǘƘŀǘ ǳǎŜŘ ƳŜŀǎǳǊŜǎ ǿƛǘƘƛƴ ǘƘŜ ǎǇŜŎƛŬŜŘ ƳŜŀǎǳǊŜ ŎŀǘŜƎƻǊȅΦ 
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 Ȥ

In response to the proliferation of NIS, a variety of control measures, albeit limited, were actively being 
researched and applied. These range from advancing sustainable fisheries to implementing rigorous 
biosecurity protocols. This section synthesizes insights from both the systematic literature review 
όtƘŀǎŜ мΤ /ƘŀǇǘŜǊ оΦмύ ŀƴŘ ǘƘŜ ǘŀǊƎŜǘŜŘ ŎŀǎŜ ǎǘǳŘȅ ŀǇǇǊƻŀŎƘ όtƘŀǎŜ нΤ /ƘŀǇǘŜǊ оΦнύ ƛƴǘƻ ŀ ƳŜŀǎǳǊŜπōȅπ
measure discussion. Each measure is presented with a cohesive structure. 

 

Rationale & key insights 

Establishing or augmenting commercial fisheries for selected NIS can reconcile ecological imperatives 
(mitigating invasive biomass) with socio-economic drivers (Marchessaux et al., 2023b; de Carvalho-
Souza et al., 2024). This approach can be a cost-effective, systematic, and sustainable control measure 
against biological invasions, aligning with Ecosystem-Based Management principles (Badjeck et al., 
2010; Kleitou et al., 2021a; Hidalgo et al., 2022). However, some NIS may exert such disproportionate 
ecological harm that promoting a fishery would be counterproductive, requiring more aggressive 
measures (Kleitou et al., 2021a). Distinguishing these species through robust monitoring and costς
benefit analyses is recommended (Kleitou et al., 2021a; Azzurro et al., 2024c). 

Evidence from published documents 

¶ NIS are part of fisheries sustainability: In the eastern Mediterranean, NIS now comprise a large 
share ƻŦ ŦƛǎƘŜǊȅ ƭŀƴŘƛƴƎǎ ǿƛǘƘƻǳǘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ǳƴŘŜǊƳƛƴƛƴƎ ŦƛǎƘŜǊǎΩ ǊŜǾŜƴǳŜǎ (Van Rijn et al., 
2020). In Cyprus and Greece, for instance, NIS comprise roughly half of small-scale fishery 
landings; frequent targets include the rabbitfish (Siganus spp.), silver-cheeked toadfish 
(Lagocephalus sceleratus), bluespotted cornetfish (Fistularia commersonii), Red Sea goatfish 
(Parupeneus forsskali), and lionfish (Pterois miles) (Moutopoulos et al., 2021; Kleitou et al., 
2022b; Kondylatos et al., 2023). 

¶ Exploitations can reduce populations of NIS: Simulation models confirm that targeted 
exploitation can reduce invasive lionfish or pufferfish populations (Michailidis et al., 2023). 
Surveys further reveal that fishers would willingly target lionfish if stable markets existed, and 
consumers would accept NIS on menus given safety and quality assurances (Minasidis et al., 
2023; Sidiropoulou et al., 2024).  

¶ The case of blue crabs: Blue crab (Callinectes sapidus, also Portunus segnis) has proven 
commercially promising in multiple Mediterranean countries, albeit with challenges such as 
gear damage and ecological conflicts (Marchessaux et al., 2023b; Rifi et al., 2023; Mancinelli et 
al., 2024)Φ ¢ǳƴƛǎƛŀΩǎ Portunus segnis fishery soared from <1 million USD in 2016 to ~30 million 
USD in 2022 (Souissi et al., 2024).  

¶ The case of manila clam: A parallel example comes from the manila clam (Ruditapes 
philippinarum), whose introduction in Europe decades ago resulted in new fisheries in Spain, 
ƎŜƴŜǊŀǘƛƴƎ ōŜǘǿŜŜƴ ϵмл Ƴƛƭƭƛƻƴ ŀƴŘ ϵно Ƴƛƭƭƛƻƴ ƛƴ ŀƴƴǳŀƭ ǎŀƭŜǎ (Ramajal et al., 2016). Though 
size limits and permissible gear use have promoted a degree of sustainable exploitation (Coelho 
et al., 2021), overharvesting and widespread non-compliance still threaten long-term 
profitability (Ponti et al., 2017; Coelho et al., 2021). 

¶ Lack of markets and incentives: Some NIS lack meaningful market value, remain undersized, or 
face low consumer acceptance (Diciotti et al., 2016; Papageorgiou & Moutopoulos, 2023). 
Overreliance on a single profitable invasive (e.g., the blue crab) can generate perverse 
incentives to maintain or spread that NIS (Ligorini et al., 2022).  

¶ Evaluating the trade-offs between ecosystem and fisheries: Balancing eradication goals with 
άǎǳǎǘŀƛƴŀōƭŜ ŜȄǇƭƻƛǘŀǘƛƻƴέ ŀƭǎƻ ǊŀƛǎŜǎ ǊŜƎǳƭŀǘƻǊȅ ŘƛƭŜƳƳŀǎτan example is the Territorial Plan 
for Combating the Blue Crab in Corsica (2024ς2027) (Marchessaux et al., 2023b), which 
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conflicts with GFCM Recommendation GFCM/42/2018/7 about maintaining blue crab stocks at 
MSY while ensuring socio-economic viability. Management is further constrained by complex 
life cycles and interactions with the ecosystem (Klein & Verlaque, 2011; Akgun & Akoglu, 2023), 
uncertain stock dynamics (Clavero et al., 2022; Kevrekidis et al., 2023) and regulatory gaps 
(Coelho et al., 2021; Kleitou et al., 2021a). Continuous costςbenefit analyses to analyze the net 
trade-offs and adaptive harvest strategies are therefore essential (Coelho et al., 2021; Kleitou 
et al., 2021a; Azzurro et al., 2024c). 

Illustrative examples from Case Studies 

When an NIS becomes marketable, commercial fisheries can channel economic incentives directly into 
systematic removal. 
¶ Tunisia ς Blue swimming crab (Portunus segnis) fishery  

Authorities supplied traps and supported marketing efforts, thereby increasing fishing pressure on a 
harmful invader (Souissi et al., 2024; Supplementary Material 2, Literature Case Study 34). 
¶ Northern Adriatic USEIt project (Expert Case Study #4) 

Promotes the Atlantic blue crab (Callinectes sapidus) for Italian gastronomy. Fishers are encouraged to 
keep (rather than discard) catches, creating partial economic returns. 
¶ 5Ŝƭǘŀ ŘŜƭ tƻ ά.ƭǳŜŀǘέ ǇǊƻƧŜŎǘ ό9ȄǇŜǊǘ /ŀǎŜ {ǘǳŘȅ Імоύ 

Began in December 2021, engaging fishers and establishing industrial-scale processing for C. sapidus. 
By 2023, these blue crab products were sold in local supermarkets and exported to the US and South 
YƻǊŜŀΣ ǊŜŦǊŀƳƛƴƎ ŀ άƴǳƛǎŀƴŎŜέ ǎǇŜŎƛŜǎ ƛƴǘƻ ŀ ǊŜǾŜƴǳŜ ƎŜƴŜǊŀǘƻǊΦ 
¶ LagoMEAL project (Expert Case Study #8) 

Investigates aquafeed production from the toxic pufferfish Lagocephalus sceleratus. If demand and 
viable pricing emerge, fishers gain incentive to target (and thus reduce) this harmful species. 

Critical insights from Case Studies & literature 

ü Stable or emerging demand: Many success stories hinge on immediate local or export markets. 
±ƻƭŀǘƛƭŜ ŎƻƴǎǳƳŜǊ ǇǊŜŦŜǊŜƴŎŜǎΣ ƘƻǿŜǾŜǊΣ Ŏŀƴ ǳƴŘŜǊƳƛƴŜ ŦƛǎƘŜǊǎΩ ƛƴǘŜǊŜǎǘ (Azzurro et al., 
2024c). 

ü Perverse incentives: A highly profitable NIS may tempt some stakeholders to resist eradication 
or even spread it. Regulatory oversight and monitoring are critical for preventing such 
outcomes (Kleitou et al., 2021a; de Carvalho-Souza et al., 2024). 

ü Bridging acceptance gaps: Toxic or venomous species (e.g., pufferfish) demand robust safety 
checks, education, and dependable supply chains to maintain consumer trust (Minasidis et al., 
2023). 

ü Regulatory complexity: Strategic removals can conflict with other mechanisms. For instance, 
intensive removal of female blue crabs (Marchessaux et al., 2024b)can clash with GFCM 
recommendations for maintaining a stock at MSY levels. Overharvesting or ignoring ecosystem 
interactions can create new imbalances (Ponti et al., 2017; Kleitou et al., 2021a). 
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/ƻƴŎŜǇǘǳŀƭ ǊŜƭŀǝƻƴǎƘƛǇ ōŜǘǿŜŜƴ ŬǎƘƛƴƎ ŀƴŘ ƴƻƴπƛƴŘƛƎŜƴƻǳǎ ǎǇŜŎƛŜǎ 

¢ƘŜ ƘȅǇƻǘƘŜǎƛǎ ǘƘŀǘ ŬǎƘƛƴƎ Ŏŀƴ ƳƛǝƎŀǘŜ ǘƘŜ ƛƳǇŀŎǘǎ ƻŦ bL{ ǿƛǘƘ ǇƻǎƛǝǾŜ ƴŜǘ ǘǊŀŘŜπƻũǎ ƛǎ ŘŜǇƛŎǘŜŘ 
ŀŎǊƻǎǎ ŀ ǎŜǊƛŜǎ ƻŦ ŎƻƴŎŜǇǘǳŀƭ ŘƛŀƎǊŀƳǎ ƛƴ CƛƎǳǊŜ млΦ ¢ƘŜ ƛƴƛǝŀƭ Ǉƭƻǘ όCƛƎǳǊŜ мл!ύΣ ƛƴŦƻǊƳŜŘ ōȅ ǘƘŜ 
{ŎƘŀŜŦŜǊ ƳƻŘŜƭ ό{ŎƘŀŜŦŜǊΣ мфрпύΣ ƛƭƭǳǎǘǊŀǘŜǎ ǘƘŜ ǊŜƭŀǝƻƴǎƘƛǇ ōŜǘǿŜŜƴ ŬǎƘƛƴƎ ŜũƻǊǘ ŀƴŘ ȅƛŜƭŘ ǘƘǊƻǳƎƘ 
ŀ ǇŀǊŀōƻƭƛŎ ŎǳǊǾŜΦ ¢Ƙƛǎ ŎǳǊǾŜ ǇŜŀƪǎ ŀǘ ǘƘŜ aŀȄƛƳǳƳ {ǳǎǘŀƛƴŀōƭŜ ¸ƛŜƭŘ όa{¸ύΣ ŀƴŘ ŀǎ ŜũƻǊǘ ƛƴŎǊŜŀǎŜǎ 
ōŜȅƻƴŘ ǘƘƛǎ ǇƻƛƴǘΣ ǘƘŜ ȅƛŜƭŘ ŘŜŎƭƛƴŜǎΣ ƘƛƎƘƭƛƎƘǝƴƎ ǘƘŜ ŎƻƴǎǘǊŀƛƴǘǎ ƻŦ ǎǳǎǘŀƛƴŀōƭŜ ŜȄǇƭƻƛǘŀǝƻƴΦ 

¢ƘŜ ǎŜŎƻƴŘ Ǉƭƻǘ όCƛƎǳǊŜ мл.ύ ŜȄƘƛōƛǘǎ ƛƴǾŜǊǎŜ ƭƻƎƛǎǝŎ ŎǳǊǾŜǎΣ ƎǊƻǳƴŘŜŘ ƻƴ ǘƘŜ ƭƻƎƛǎǝŎ όǎƛƎƳƻƛŘύ 
ƎǊƻǿǘƘ ǘƘŜƻǊȅ ƻŦ ǘƘŜ {ŎƘŀŜŦŜǊ ƳƻŘŜƭ ŀƴŘ ǘƘŜ ŎƻƴŎŜǇǘ ǘƘŀǘ ŜŎƻƭƻƎƛŎŀƭ ƛƳǇŀŎǘǎ ŘǳŜ ǘƻ bL{ ǇƻǇǳƭŀǝƻƴǎ 
ƛƴǘŜƴǎƛŦȅ ōŜȅƻƴŘ ŀ ŎŜǊǘŀƛƴ ǘƘǊŜǎƘƻƭŘ όDǊŜŜƴ ϧ DǊƻǎƘƻƭȊΣ нлнмύΦ ¢Ƙƛǎ ŘŜƳƻƴǎǘǊŀǘŜǎ ǘƘŀǘ ŜŎƻƭƻƎƛŎŀƭ 
ōŜƴŜŬǘǎ ƛƴŎǊŜŀǎŜ ǿƛǘƘ ǘŀǊƎŜǘŜŘ ŬǎƘƛƴƎ ŜũƻǊǘǎ ŀƎŀƛƴǎǘ ƘŀǊƳŦǳƭ bL{Φ /ƻƴǾŜǊǎŜƭȅΣ ōŜƴŜŬǘǎ ŘŜŎǊŜŀǎŜ 
ōŜȅƻƴŘ ŀ ǘƘǊŜǎƘƻƭŘ ƻŦ ŬǎƘƛƴƎ ŜũƻǊǘ ǿƘŜǊŜ ōŜƴŜŬŎƛŀƭ ƴƻƴπƛƴŘƛƎŜƴƻǳǎ ǎǇŜŎƛŜǎ ŀǊŜ ŀŘǾŜǊǎŜƭȅ ŀũŜŎǘŜŘΣ 
ŜƳǇƘŀǎƛȊƛƴƎ ǘƘŜ ƴŜŜŘ ŦƻǊ ōŀƭŀƴŎŜŘ ƳŀƴŀƎŜƳŜƴǘ ǘƻ ƻǇǝƳƛȊŜ ŜŎƻƭƻƎƛŎŀƭ ƻǳǘŎƻƳŜǎΦ 

¢ƘŜ ǘƘƛǊŘ Ǉƭƻǘ όCƛƎǳǊŜ мл/ύ ƛƴǘŜƎǊŀǘŜǎ ǘƘŜ ȅƛŜƭŘ Řŀǘŀ ŦǊƻƳ ǘƘŜ ŬǊǎǘ ŘƛŀƎǊŀƳ ǿƛǘƘ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ƛƳǇŀŎǘǎ 
ŦǊƻƳ ǘƘŜ ǎŜŎƻƴŘ ǘƻ ŀǎǎŜǎǎ ǘƘŜ ƻǾŜǊŀƭƭ ƳŀǊƎƛƴŀƭ ōŜƴŜŬǘǎ ƻŦ ŬǎƘƛƴƎΦ ¢ƘŜ Ŭƴŀƭ ŘƛŀƎǊŀƳ όCƛƎǳǊŜ мл5ύ 
ŜȄǇŀƴŘǎ ŦǳǊǘƘŜǊ ōȅ ƛƴŎƻǊǇƻǊŀǝƴƎ ŬǎƘƛƴƎ ŎƻǎǘǎΦ ¢ƘŜ ŎŀǘŜƎƻǊƛȊŀǝƻƴ ƻŦ ǎǇŜŎƛŜǎ ōŀǎŜŘ ƻƴ ǘƘŜƛǊ ŜŎƻƭƻƎƛŎŀƭ 
ƛƳǇŀŎǘ όǇƻǎƛǝǾŜ ƻǊ ƴŜƎŀǝǾŜύ ŀƴŘ ŎƻƳƳŜǊŎƛŀƭ ǾŀƭǳŜ όǇǊŜǎŜƴŎŜ ƻǊ ŀōǎŜƴŎŜύ ŘŜƳƻƴǎǘǊŀǘŜǎ Ƙƻǿ 
ǎǘǊŀǘŜƎƛŎ ŬǎƘƛƴƎ Ŏŀƴ ƳƛǝƎŀǘŜ ŜŎƻƭƻƎƛŎŀƭ ŘŀƳŀƎŜǎ ǿƘƛƭŜ ŎƻƴǎƛŘŜǊƛƴƎ ŜŎƻƴƻƳƛŎ ŜŶŎƛŜƴŎȅΦ ¢ƘŜ 
ŎƻƴŎŜǇǘǳŀƭ ŘƛŀƎǊŀƳ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ ƳŀȄƛƳǳƳ ōŜƴŜŬǘǎ Ŏŀƴ ōŜ ŀŎƘƛŜǾŜŘ ŀǘ ŘƛũŜǊŜƴǘ ƭŜǾŜƭǎ ƻŦ ŬǎƘƛƴƎ 
ŜũƻǊǘ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ŎƻƳƳŜǊŎƛŀƭ ǾŀƭǳŜ ŀƴŘ ƛƳǇŀŎǘǎ ƻŦ bL{Σ ŘŜƳƻƴǎǘǊŀǝƴƎ Ƙƻǿ ǎǘǊŀǘŜƎƛŎ ŬǎƘƛƴƎ 
ǇǊŀŎǝŎŜǎ Ŏŀƴ ǇƻǘŜƴǝŀƭƭȅ ǊŜŘǳŎŜ ŜŎƻƭƻƎƛŎŀƭ ŘŀƳŀƎŜǎ ǿƘƛƭŜ ŎƻƴǎƛŘŜǊƛƴƎ ŜŎƻƴƻƳƛŎ ŜŶŎƛŜƴŎȅΦ 
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CƛƎǳǊŜ млΦ р!Υ wŜƭŀǝƻƴǎƘƛǇ ōŜǘǿŜŜƴ ŬǎƘƛƴƎ ŜũƻǊǘ ŀƴŘ ȅƛŜƭŘΣ ǎƘƻǿƛƴƎ ǘƘŜ ǇŀǊŀōƻƭƛŎ ŎǳǊǾŜ ǘƘŀǘ ǇŜŀƪǎ ŀǘ ǘƘŜ 
aŀȄƛƳǳƳ {ǳǎǘŀƛƴŀōƭŜ ¸ƛŜƭŘ όa{¸ύ ŀƴŘ ŘŜŎƭƛƴŜǎ ǿƛǘƘ ƛƴŎǊŜŀǎŜŘ ŜũƻǊǘΤ р.Υ LƴǾŜǊǎŜ ƭƻƎƛǎǝŎ ŎǳǊǾŜǎ ōŀǎŜŘ ƻƴ ǘƘŜ 
ƭƻƎƛǎǝŎ ƎǊƻǿǘƘ ǘƘŜƻǊȅΣ ŘŜƳƻƴǎǘǊŀǝƴƎ Ƙƻǿ ŜŎƻƭƻƎƛŎŀƭ ōŜƴŜŬǘǎ ǾŀǊȅ ǿƛǘƘ ŬǎƘƛƴƎ ŜũƻǊǘǎΣ ƛƴŎǊŜŀǎƛƴƎ ŀƎŀƛƴǎǘ 
ƘŀǊƳŦǳƭ bL{ ŀƴŘ ŘŜŎǊŜŀǎƛƴƎ ǿƘŜƴ ōŜƴŜŬŎƛŀƭ bL{ ŀǊŜ ƛƳǇŀŎǘŜŘΤ р/Υ LƴǘŜƎǊŀǝƻƴ ƻŦ ȅƛŜƭŘ Řŀǘŀ ŀƴŘ ŜŎƻƭƻƎƛŎŀƭ 
ƛƳǇŀŎǘǎ ǘƻ ŀǎǎŜǎǎ ƻǾŜǊŀƭƭ ƳŀǊƎƛƴŀƭ ōŜƴŜŬǘǎ ŦǊƻƳ ǾŀǊƛŜŘ ŬǎƘƛƴƎ ŜũƻǊǘǎΤ р5Υ 9ȄǇŀƴǎƛƻƴ ǘƻ ƛƴŎƭǳŘŜ ŬǎƘƛƴƎ Ŏƻǎǘǎ 
ŀƴŘ ǘƘŜ ŎŀǘŜƎƻǊƛȊŀǝƻƴ ƻŦ ǎǇŜŎƛŜǎ ōȅ ŜŎƻƭƻƎƛŎŀƭ ƛƳǇŀŎǘ ŀƴŘ ŎƻƳƳŜǊŎƛŀƭ ǾŀƭǳŜΣ ƘƛƎƘƭƛƎƘǝƴƎ ǘƘŜ ƻǇǝƳƛȊŀǝƻƴ ƻŦ 
ƴŜǘ ōŜƴŜŬǘǎ ǘƘǊƻǳƎƘ ǎǘǊŀǘŜƎƛŎ ŬǎƘƛƴƎ ǇǊŀŎǝŎŜǎΦ 
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Rationale & key insights 

Marine recreational fisheries (MRF) can exert substantial fishing pressure and thus play a role in 
controlling invasive populations (Lewin et al., 2019). Moreover, motivated recreational fishers often 
contribute to conservation by initiating or joining removal initiatives (Granek et al., 2008). Although 
profit is not their primary motive, the pursuit of personal enjoyment, cultural traditions, or consumptive 
use can make recreational fishers a consistent removal force, even when invasive populations appear 
overfished (Kleiven et al., 2020). 

By mobilizing recreational fishers to perform intensive removals, managers could suppress high-impact 
invaders and restore aspects of ecosystem balance. This community-driven approach becomes 
especially relevant where commercial incentives are limited or slow to emerge. In Europe alone, an 
estimated 8.7 million people partake in recreational fishing for 78 million days annually (Hyder et al., 
2018), generating млΦр ōƛƭƭƛƻƴ ϵ and supporting ~99,500 full-time jobs (Hyder et al., 2017). Educating 
and incentivizing these fishers (and more divers) to target NIS can substantially enhance control efforts. 

Evidence from published documents 

Despite relatively few formal studies on the role of recreational fisheries in NIS control, emerging 
evidence points to significant potential:  

¶ Recreational catches can surpass the commercial ones: In Cyprus, the combined weight and 
economic value of recreational catches now surpasses that of coastal commercial fisheries, 
with rabbitfish (Siganus spp.) particularly abundant (Michailidis et al., 2020; Kleitou et al., 
2022b). 

¶ Selective harvesting can be effective: Controlled lionfish (Pterois miles) removals by divers in 
Marine Protected Areas (MPAs) have significantly reduced lionfish densities suggesting that 
selective gears, including free diving and SCUBA with spearfishing, can be highly effective in 
controlling lionfish populations at selected sites (Dikou, 2024; Kleitou et al., 2024; Savva et al., 
2024). 

¶ Radical new licence for NIS-selective fishing: A noteworthy concept is the introduction of a 
dedicated recreational fishing license targeting ecologically damaging NIS (Kleitou et al., 
2021a). Such a license could train fishers on marine ecosystems, NIS impacts, and safe 
harvesting practices, with benefits like exclusive access to certain areas or times. This would 
empower recreational fishers to actively aid invasive species control; especially for species not 
easily targeted by commercial vessels (Kleitou et al., 2021a). 

¶ Cultural challenges: A challenge identified is that recreational fishers do not always prioritize 
bL{ ƻǾŜǊ ƴŀǘƛǾŜ άǘǊƻǇƘȅέ ǎǇŜŎƛŜǎ (Michailidis et al., 2020; Kleitou et al., 2022b). Additionally, 
targeting toxic or stinging organisms (e.g., pufferfish) raises safety concerns, and the spatial 
dispersion of recreational fishing complicates enforcement. Volunteer engagement can 
fluctuate, and deeper habitats or remote areas often remain under-impacted, especially by free 
divers (Kleitou et al., 2022b). 

Illustrative examples from Case Studies 

¶ /ŀǊƛōōŜŀƴ ƭƛƻƴŦƛǎƘ ά5ŜǊōƛŜǎέ 
Multiple NGOs organize weekend events awarding prizes for the largest or most lionfish caught 
(Literature Case Studies #27 & #30). These derbies build community pride, raise awareness, and 
effectively reduce lionfish abundance in shallow areas. 

¶ Targeted removals in Cyprus MPAs 
In a parallel Mediterranean effort (Literature Case Study #29; Expert Case Study #3), volunteer divers 
systematically remove Pterois miles from priority reefs, generating temporary declines in local 
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Rationale & key insights 

Market-based approaches for the valorisation of NIS are emerging as a powerful tool in invasive species 
management (de Carvalho-Souza et al., 2024). By fostering consumer demand for NIS, the commercial 
use of these species can incentivize fisheries while mitigating their ecological impact. The valorisation 
of NIS can take several forms, from food markets to biotechnological applications, each offering distinct 
avenues for controlling invasive populations and promoting sustainable harvesting. A successful 
valorisation strategy requires a well-structured supply chain, market acceptance, and consumer 
education to ensure that these species are consumed or used in ways that contribute to environmental 
sustainability and the local economy. 

Market promotion and valorisation involve creating or expanding markets for non-indigenous species 
(NIS), providing financial incentives for their removal and, ultimately, helping mitigate their ecological 
impacts (Kleitou et al., 2019b; de Carvalho-Souza et al., 2024). In practical terms, άǾŀƭƻǊƛǎŀǘƛƻƴέ can 
encompass: 

- Food markets (e.g., restaurants offering invasive fish or crabs), 
- Nutraceutical/biotechnological applications (e.g., harvesting invasive algae for antibacterial 

compounds), 
- Industrial products (e.g., eco-leather from fish skins). 

The overarching goal is to align conservation objectives (reducing NIS populations) with socio-economic 
drivers (new revenue streams or employment). Yet, caution is required to avoid perverse incentives, 
where a profitable NIS is seen as too valuable to eradicate (Kourantidou & Kaiser, 2024). 

Evidence from published documents 

Studies from across the Mediterranean suggest that market-driven approaches, when designed 
carefully, can both offset removal costs and foster stakeholder engagement: 

¶ Consumer acceptance & demand: In Greece, 62% of surveyed consumers indicated willingness 
to purchase edible NIS (e.g., Siganus spp., lionfish), and 79% supported certification schemes 
to guarantee safety and sustainability (Sidiropoulou et al., 2024). In Italy, an online survey found 
growing interest in blue crab (Callinectes sapidus), though gaps remain in distribution chains, 
hindering consistent availability (Azzurro et al., 2024d).  

¶ Biotechnological & industrial uses: Many species could potentially be utilized in 
biotechnological or other industries. For instance, the invasive red alga Asparagopsis taxiformis 
exhibits antibacterial, algicidal, and antioxidant properties, making it attractive for 
pharmaceutical or cosmetic applications (Ktari et al., 2022). Caulerpa racemosa var. cylindracea 
is under study for water treatment (Cengiz & Cavas, 2008) and broader work on invasive 
seaweeds suggests diverse commercial potential on biotechnological industry (Mollo et al., 
2015). 

¶ Food-related innovations for valorisation: A flow-through pond system in Italy successfully 
produced soft-shell blue crabs, raising their market value (Cilenti et al., 2024). Nutritional 
studies highlight the potential of NIS products as healthy food options (Khamassi et al., 2022). 
Ecolabeling, media campaigns, and culinary promotion can mitigate public concerns about 
toxicity while also emphasizing conservation goals (Kleitou et al., 2019b).  

¶ Limited market for some NIS: Despite these promising avenues, some invasive species lack 
immediate commercial appeal due to size, taste, or strong consumer biases (Diciotti et al., 
2016; Papageorgiou & Moutopoulos, 2023). Additionally, bounty-like schemes for certain 
species can distort incentives or management agendas (Ulman et al., 2022; de Carvalho-Souza 
et al., 2024; Kourantidou & Kaiser, 2024). 
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Illustrative examples from Case Studies 

Below are a few selected examples showing how market promotion has been tested: 

¶ Pick the Alien & FishtheAlien (Expert Case Studies #1, #5) 
These initiatives organized culinary events (e.g., cooking demos, tastings) featuring lionfish, rabbitfish, 
or blue crabs. Participants learned how to safely prepare and consume these species, helping to shift 
negative perceptions (Kleitou et al., 2019b). 

¶ Le Puffer (Expert Case Study #11) 
In Türkiye, Lagocephalus sceleratus skins were turned into eco-leather for fashion items. While media 
coverage sparked interest, maintaining steady removal of this toxic pufferfish depends on stable 
production and demand. 

¶ RELIONMED (Expert Case Study #3) 
This project explored making lionfish jewellery in the eastern Mediterranean. Initial enthusiasm 
underlined consumer curiosity, but inconsistent catch volumes and retail distribution limited broader 
commercial adoption. 

¶ CHITELIX (Expert Case Study #14) 
This Tunisian company is creating a sustainable industry around blue crab (Portunus segnis) 
bioproducts, including chitin and chitosan extraction 

These and similar endeavours demonstrate the potential of market-based valorisation to engage local 
communities, fishers, and entrepreneurs. However, they also highlight challenges like fluctuating 
supply, product novelty, and the need for continuous promotion. 

Critical Insights from Case Studies & literature 

ü Balancing profit & conservation: High market value can risk sustaining an invader if eradication 
jeopardizes incomes (Kourantidou & Kaiser, 2024). Clear management objectives, e.g., capping 
or functionally eradicating populations, should remain primary. 

ü Supply chain & safety: For venomous or toxic species (lionfish, pufferfish), strict handling 
protocols, labelling, and public awareness are crucial for consistent market acceptance 
(Minasidis et al., 2023). Supply chains need to be established for newcomers. 

ü Consumer engagement: Surveys confirm that consumers are open to trying NIS when assured 
of quality and ecological benefits (Sidiropoulou et al., 2024). Marketing campaigns and media 
exposure (e.g., cooking shows) can reduce stigma and attract new demand (Kleitou et al., 
2019b). 
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Rationale & key insights 

Education and public awareness are repeatedly cited as among the most critical measures for reducing 
new introductions of NIS and mitigating their spread and impacts (Giakoumi et al., 2019a; Azzurro et 
al., 2024a): 

1. Support necessary management interventions (e.g., targeted removals, biosecurity measures), 
2. Adopt safe handling practices for venomous/toxic species, 
3. Avoid actions that enable NIS spread (e.g., casual aquarium releases, improper hull 

maintenance, disposal of live bait). 

Empirical evidence shows that effective educational campaigns also enhance early detection (via citizen 
science), increase acceptance of control measures, and facilitate broader stakeholder engagement 
(Seekamp et al., 2016; Kleitou et al., 2019b). Informed citizens and stakeholders are more likely to 
support necessary management interventions, practice safe handling of venomous or toxic species, and 
adopt preventative behaviours that reduce new introductions (e.g., boat/hull maintenance, aquarium 
releases or careless disposal of live bait) (Seekamp et al., 2016; Kleitou et al., 2019b). Effective 
educational campaigns can also encourage early detection, promote community-driven monitoring, 
and improve overall acceptance of control measures such as targeted removals or market-based 
valorisation.  

Evidence from published documents 

While many studies focus on market or biotechnological approaches to NIS management, education 
remains a cornerstone of success: 

¶ Consumer attitudes: Lƴ DǊŜŜŎŜΣ ǇŜƻǇƭŜΩǎ ǿƛƭƭƛƴƎƴŜǎǎ ǘƻ ǇǳǊŎƘŀǎŜ ŀƴŘ ŎƻƴǎǳƳŜ ŜŘƛōƭŜ bL{ όŜΦƎΦΣ 
rabbitfish, lionfish) correlates strongly with perceived ecological benefits and food safety 
assurances (Minasidis et al., 2023; Sidiropoulou et al., 2024). Campaigns emphasizing both the 
sustainability and gastronomic potential of these species can promote acceptance, thereby 
aiding targeted removals (Kleitou et al., 2022a; Marchessaux et al., 2024a). 

¶ Community-focused efforts: In Tunisia, localized campaigns on the blue crab (Callinectes 
sapidus) clarified its commercial value and proper handling, reducing discard rates and 
reshaping public perceptions (Rifi et al., 2023). Meanwhile, volunteer-based programs in 
Cyprus showed that divers who participated in coordinated lionfish removals gained a stronger 
sense of environmental responsibility and remained active in monitoring (Kleitou et al., 2021c).  

¶ Preventing inadvertent introductions: A lack of awareness is frequently identified as a key 
driver of accidental NIS releases  (Carreño & Lloret, 2021). Leisure boats, for instance, spread 
hitchhiking species via hull fouling or propellers, while aquarium hobbyists may unknowingly 
ǊŜƭŜŀǎŜ άǊŜŜŦ ƧŀƴƛǘƻǊǎέ (Calado, 2012). Clear, consistent messaging about the distinctions 
between venomous vs. poisonous species can also prevent misunderstandings that undermine 
public safety or hamper control actions (Kleitou et al., 2022b; Frem et al., 2024). 

Ultimately, education is essential for dispelling misconceptions, fostering a sense of local stewardship, 
and creating social norms that discourage behaviours enabling NIS spread. 

Illustrative examples from Case Studies 

Below are a few selected examples showing how market promotion has been tested: 

¶ Pick the Alien & FishtheAlien (Expert Case Studies #1, #5) 
These initiatives organized culinary events (e.g., cooking demos, tastings) featuring lionfish, rabbitfish, 
or blue crabs. Participants learned how to safely prepare and consume these species, helping to shift 
negative perceptions (Kleitou et al., 2019b). 

¶ Le Puffer (Expert Case Study #11) 
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In Türkiye, Lagocephalus sceleratus skins were turned into eco-leather for fashion items. While media 
coverage sparked interest, maintaining steady removal of this toxic pufferfish depends on stable 
production and demand. 

¶ RELIONMED (Expert Case Study #3) 

This project explored making lionfish jewellery in the eastern Mediterranean. Initial enthusiasm 
underlined consumer curiosity, but inconsistent catch volumes and retail distribution limited broader 
commercial adoption. 

These and similar endeavours demonstrate the potential of market-based valorisation to engage local 
communities, fishers, and entrepreneurs. However, they also highlight challenges like fluctuating 
supply, product novelty, and the need for continuous promotion. 

Critical Insights from Case Studies & literature 

ü Balancing profit & conservation: High market value can risk sustaining an invader if eradication 
jeopardizes incomes (Kourantidou & Kaiser, 2024). Clear management objectives, e.g., capping 
or functionally eradicating populations, should remain primary. 

ü Supply chain & safety: For venomous or toxic species (lionfish, pufferfish), strict handling 
protocols, labeling, and public awareness are crucial for consistent market acceptance 
(Minasidis et al., 2023). 

ü Consumer engagement: Surveys confirm that consumers are open to trying NIS when assured 
of quality and ecological benefits (Sidiropoulou et al., 2024). Marketing campaigns and media 
exposure (e.g., cooking shows) can reduce stigma and attract new demand (Kleitou et al., 
2019b). 

 
CƛƎǳǊŜ моΦ {ǘǊŜƴƎǘƘǎΣ ²ŜŀƪƴŜǎǎŜǎΣ hǇǇƻǊǘǳƴƛǝŜǎΣ ŀƴŘ ¢ƘǊŜŀǘǎ ŦƻǊ άŜŘǳŎŀǝƻƴ ϧ ǇǳōƭƛŎ ŀǿŀǊŜƴŜǎǎέ ƳŜŀǎǳǊŜǎ ŦƻǊ 
ƴƻƴπƛƴŘƛƎŜƴƻǳǎ ǎǇŜŎƛŜǎ ŎƻƴǘǊƻƭΦ 
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Interlink with other measures 

Education and public awareness underpin nearly all other NIS management strategies. By informing 
stakeholders about the ecological value of rapid-response measures (Chapter 3.3.6), education 
facilitates timely removal campaigns and fosters willingness to collaborate with authorities on 
biosecurity measures (Chapter 3.3.11). It also complements market promotion (Chapter 3.3.3) by 
helping to dispel misconceptions around the safety and quality of edible NIS, thereby driving consumer 
demand for invasive species and supporting local livelihoods. Ultimately, an educated public forms the 
backbone of any robust, adaptive strategy for controlling NIS in the Mediterranean and beyond. 
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Rationale & key insights 

Stakeholder engagement is recognized as a cornerstone of effective and adaptive management of NIS, 
especially in complex coastal and marine systems that involve multiple user groups (e.g., fishers, 
aquaculture operators, shippers, tourism entrepreneurs, conservationists, local communities) (Cerri et 
al., 2020; Di Cintio et al., 2023; de Carvalho-Souza et al., 2024). By involving stakeholders early in 
decision-making, managers can: 

- Align ecological goals (e.g., limiting NIS spread) with socio-economic priorities, 
- Enhance community acceptance of regulations and controls, 
- Draw on local knowledge όŜΦƎΦΣ ŦƛǎƘŜǊǎΩ ŜȄǇŜǊǘƛǎŜύ ǘƻ ƛƳǇǊƻǾŜ ǇǊŜǾŜƴǘƛƻƴΣ ŜŀǊƭȅ 

detection, monitoring, and targeted removals (Otero et al., 2013; Moon et al., 2015). 

Collaborative governance approaches, like co-management committees, participatory forums, and 
consensus-building processes, have proven invaluable in anticipating disagreements or conflicts 
(Crowley et al., 2017). Such structures allow stakeholders to shape context-specific strategies that 
distribute responsibilities and benefits fairly, especially when NIS present both threats (gear damage, 
habitat degradation) and opportunities (new fisheries) (Vimercati et al., 2020; Katsanevakis et al., 
2024). Collaborations ultimately yield to more pragmatic and socially accepted management action 
(Ojaveer et al., 2014). 

Evidence from published documents 

¶ Engagement in Mediterranean contexts 
- In the Pelagic Islands MPA, Italy, local fishers and divers shared local ecological 

knowledge about NIS occurrences, later validated by targeted sampling (Maggio et al., 
2022). Such community-driven data collection enhanced overall monitoring. 

- Trained divers in Italy have documented over 24,000 observations (2006ς2014), many 
focusing on the spread of Caulerpa cylindracea (Cerrano et al., 2017). Their 
involvement spurred more pragmatic and socially accepted management action 
(Ojaveer et al., 2014). 

- In Cyprus, citizen scientists participated in monitoring the effectiveness of lionfish 
(Pterois miles) removals within MPAs (Kleitou et al., 2021c; Savva et al., 2024). Sharing 
these results among fishers, divers, and conservationists helped build trust and refine 
removal methods over time. 

¶ Conflicts and resolutions 
- Conflicts sometimes emerge when NIS have both detrimental and beneficial impacts,  

e.g., fishers see potential income from harvesting lionfish or pufferfish, while 
conservation groups remain apprehensive about ecological harm (Kleitou et al., 
2022b). Nevertheless, adaptive management processes, facilitated dialogues, and 
transparent information-sharing can reconcile or mitigate these controversies (Novoa 
et al., 2018). 

Illustrative examples from Case Studies 

The following selected examples highlight how broad stakeholder collaboration and coordinated 
response mechanisms, including clear mandates, rapid mobilization of resources, and stakeholders 
forums, can drive more decisive and rapid outcomes: 

¶ Darwin Harbor, Australia (Literature Case Study #13). 
Mytilopsis sallei (an invasive bivalve) was eradicated in ~42 days through a fast quarantine, chemical 
treatments, and open communication with marina operators  

¶ /ŀƭƛŦƻǊƴƛŀΩǎ Caulerpa taxifolia (Literature Case Study #1). 
Eradication was achieved within ~17 days of detection, attributed to multi-agency synergy and the legal 
empowerment to quickly isolate affected sites (Literature Case Study #1). 
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Interlink with other measures 

Robust stakeholder engagement undergirds other NIS strategies by improving data reporting for 
Monitoring & Risk Assessment (Chapter 3.3.10), sustaining volunteer-based Targeted Removals 
(Chapter 3.3.6), encouraging buy-in for Market Valorisation (Chapter 3.3.3), and enhancing support for 
Biosecurity Measures (Chapter 3.3.11). Meaningful participation ensures that local insights, resource 
constraints, and potential socioeconomic trade-offs are recognized early, allowing for dynamic 
adjustments of management actions. 
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Rationale & key insights 

Spatially targeted removals of NIS, such as in MPAs, nursery habitats, or other high-value locations, are 
widely recognized as a key strategy for limiting local densities of invasive organisms and slowing 
regional spread. These programs often involve seasonal or recurrent removal campaigns, timed to 
precede reproductive peaks and thus reduce recruitment (Rousou et al., 2014; Marchessaux et al., 
2023a; Marchessaux et al., 2024b). 

Although complete eradication of well-established NIS in open marine systems is typically unfeasible, 
local-scale suppression can lessen ecological damage in sensitive or priority zones ŀƴŘ άōǳȅ ǘƛƳŜέ ŦƻǊ 
complementary interventions (Savva et al., 2024). In some cases, bounties or market incentives 
encourage fishers to harvest problematic invaders, though managers must guard against perverse 
incentives if an NIS becomes profitable (Kourantidou & Kaiser, 2024). 

Evidence from published documents 

¶ Targeted removals of invasive species (lionfish, and long-spined sea urchin) in Cyprus: 
Organized removal efforts with divers were found able to significantly restrict local populations 
of lionfish (Pterois miles) at priority sites while engaging and educating the public (Kleitou et 
al., 2021c; Kleitou et al., 2024; Savva et al., 2024). The long-spined sea urchin (Diadema 
setosum) removals have been very effective, with low recolonization (population recovery) 
observed (Huseyinoglu et al., 2024).  

¶ Bounty program for pufferfish: Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜ /ȅǇǊǳǎ ƎƻǾŜǊƴƳŜƴǘ ŎƻƳǇŜƴǎŀǘŜǎ ŦƛǎƘŜǊǎ όϵоς
5/individual or kg) for pufferfish, leading to catches surpassing 500/day in peak season (Rousou 
et al., 2014) (Rousou et al., 2014). Türkiye offers a lower compensation which has not been 
considered attractive (~0.26 USD in 2020, raised to 0.65 USD in 2022); yet adaptations to fishing 
techniques and gears (steel branch lines, swivel hooks) were recommended to double the 
catches of L. sceleratus (Ersönmez et al., 2023). 

¶ Mechanical & diver-led removals of seaweeds: Invasive macroalgae (e.g., Caulerpa racemosa 
var. cylindracea, Caulerpa taxifolia) have been targeted through mechanical and diver-led 
removals before seasonal expansions, yielding partial or temporary recovery of native 
communities (Klein & Verlaque, 2011; Bulleri et al., 2016). 

¶ Feasibility & functional eradication: Eradication is generally unfeasible unless invasions are 
detected very early. For instance eradication of established Caulerpa taxifolia was considered 
unfeasible, requiring, for instance, a combined strategy, incorporating 99% removal of all 
fragments and annual removal of 99% of established patches  (Ruesink & Collado-Vides, 2006). 
Consequently, functional eradication could be suggested to achieve levels where ecological 
damages are at least mitigated (Green & Grosholz, 2021).  

¶ Pristine vs. disturbed Areas: Removals might be more effective in less disturbed habitats (Bulleri 
et al., 2016). In heavily human-impacted regions, repeated colonization, pollution, and 
overfishing may undermine the benefits of removal campaigns (Klein & Verlaque, 2011; Diga 
et al., 2023) 

¶ Detecting intricate dynamics and positive ecosystem outcomes: Studies have sometimes 
struggled to document clear benefits of removal on surrounding communities due to the 
intricate dynamics of marine ecosystems and multiple anthropogenic stressors (Klein & 
Verlaque, 2011; Bulleri et al., 2016; Diga et al., 2023). For instance, removals might be more 
effective in less disturbed habitats (Bulleri et al., 2016). Context-specific investigations are vital 
to assess potential effects on other native and NIS, as well as possible evolutionary responses 
of the targeted invaders (behaviour shifts, hyper-fecundity, life-history changes). Long-term 
monitoring, ideally initiated before invasions occur, can yield deeper insights into the ecological 
consequences of removals όDŀǊŎƝŀπ.ŀǊƽƴ et al., 2021; Kleitou et al., 2021b)
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Illustrative examples from Case Studies 

Below are selectedτnot exhaustiveτexamples where local removal campaigns yielded significant 
outcomes: 

¶ Cyprus MPAs (Expert Case Study #3) 
Diver-led lionfish (Pterois miles) removals reduced densities in priority sites within an MPA, while 
educating participants about NIS. 

¶ /ŀƭƛŦƻǊƴƛŀΩǎ Caulerpa taxifolia (Literature Case Study #1) 
Early detection and chlorine injections under tarps eradicated the species (~17 days). 

¶ 5ŀǊǿƛƴ IŀǊōƻǊΩǎ Mytilopsis sallei (Literature Case Study #13) 
Rapid quarantine and chemical treatments cleared the invasive bivalve in ~42 days, preventing regional 
spread. 

Critical Insights from Case Studies & literature 

ü Reinvasion & rebound: Local culls face repeated inflows from nearby uncontrolled populations, 
requiring ongoing removal campaigns (Ruesink & Collado-Vides, 2006; Michailidis et al., 2023). 

ü High cost & labor: Repeated mechanical, diver-based, or chemical interventions are often 
resource-intensive, relying on volunteer engagement, fisheries involvement, or external 
funding (Bulleri et al., 2016). 

ü Potential non-target effects: Broad chemical or mechanical treatments can harm native 
fauna/flora if not carefully contained (Klein & Verlaque, 2011). 

ü Importance of monitoring & timing: Identifying invasion hotspots and scheduling removals to 
precede reproductive peaks can maximize cost-effectiveness (Marchessaux et al., 2024b). Early 
ŘŜǘŜŎǘƛƻƴ ŀƭǎƻ ƎǊŜŀǘƭȅ ƛƴŎǊŜŀǎŜǎ ǘƘŜ ƭƛƪŜƭƛƘƻƻŘ ƻŦ ŜǊŀŘƛŎŀǘƛƻƴ ǎǳŎŎŜǎǎ ό/ŀƭƛŦƻǊƴƛŀΩǎ /ŀǳƭŜǊǇŀ 
ŎŀǎŜΤ 5ŀǊǿƛƴ IŀǊōƻǊΩǎ aȅǘƛƭƻǇǎƛǎύΦ  
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