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Summary

This report provides a comprehensive, evidehased examination of Nemdigenous Species (NIS)
management in the Mediterranean Sea. It highlights adaptive, ecosyStmed approaches that
reconcile biodiversity conservation with so@conomic imperative 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 humeaactivities.

The methodology combines a systematic literature review (following a PR$8N&Aprotocol) with

global case study analyses and consultations with Mediterranean stakeholders. Findings affirm that
prevention (e.g., strict biosecurity and early detectionineens the most costffective longterm
strategy, yet the realities of rapidly warming seas and alreastgblished invasions demand a wider
suite of measures. In many instances, complete eradication of an NIS in open marine systems is not
feasible, prompihg a shift toward multfaceted tactics such as localized removals, habitat
restoration, and regulatory frameworks that align ecological priorities with livelihood needs.
Increasingly, managers are exploring market valorisation of edible invaders, smatted! 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 fromempirical evidence. These measures start with enhancing biosecurity and early
detection protocols that emphasize prevention mechanisms while encouraging -regpdnse
mechanisms for incipient invasions. They similarly call for standardized;padtmeter monitomg

at key sentinel sites, where consistent data collection will inform impact assessments and guide
interventions. In areas with major elogical 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 trophi
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 expldiba levels with ecological objectives. Legislative

reforms and robust socieconomic costbenefit analyses offer a means to systematically decide when

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

campagns reinforce the necessabghaviouralchanges to control inadvertent introductions. Finally,

all these measures depend on transboundary collaboration and +stizlkieholder cemanagement,

IAPSY GKS aSRAGSNNI ySIyQa Oz2cgnphicand ®RitusdllcinezsS | Yy R R
Across all these measures, the ResisteptDirect (RAD) framework helps managers navigate the
complex choices between preventinginwanted changes (Resist), adapting to inevitable
transformations (Accept), or leveraging certain NIS for broader smmoomic gains (Direct).
Ultimately, transboundary collaboration and mudtiakeholder cemanagement are essential, given
the MediterrarS I y Q& Ay UG SND2yySOGSR 461 GSNBE | yR (GKS RAJDSNE
that shape NIS responses. This clirsadaptive and contexaware strategy offers a path to reconcile
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1 INTRODUCTION

I 2GSNAY3 £88a GKIYy wM3: 2F GKS 62NI RQa 2081y &dNF

globalmarinebiodiversity, making it one of the most biodiverse sentlosed seaBoudouresque,

2004; Colet 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 pogBias, 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 whielsgnved 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 clinthteed stressors sucts a
marine heatwaveé / 6§ §S 9 51 NI AeyaBZ02D nmnT h Q[ SI NB

In the context of Noindigenous 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. Howemneg critical thresholds are crossed, these systems
may undergo regime shifts, transitioning into alternative stable states that differ significantly from their
historical configurations (Figure {Ghaffinet 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.
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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
wellbeing(Anderseret 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 chang@doullecet 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)
(Katsanevakist al, 2013) The number of NIS in the region has been accelerating, with around 1000
multicellular NIS, showing a 40% increase in 11 y2aretoset al, 2022) Over 750 of the species are
established and extend their geographical range northwards and westwards, while native species are
in decling(Givanet al, 2018; Azzurret 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
(Azzurroet al, 2022; Wesselmanet al, 2024) Climate change is expected to exacerbate the spread

of thermophilic NIS, giving them a competitive advantage over native s(doigiecet 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 world{Bddeyet al, 2020)
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Historically, strategies addressing NIS have been predominantly conseceaiioo, emphasizing the
eradication and containment of these species to safeguard native biodiversity. However, as described
byl[UCN 20000 bL{ AYLI OG& IINB 2F0Sy WAYYSYyaSs AyaAiARA?Z2
nature at all ecological levels, contribute to the extinction of native species, and disrupt the
contributions of nature to peopléBacheret al, 2023) While preventive measures remain critical,

efforts to restore ecosystems to their pirevaded or historical conditions are often impractical and
prohibitively costly, particularly when species are established. Successful eradications in marine
systems a 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 S€lehcg

Platform on Biodiversity and Ecosystem Services (IPBES) on invasive alien species and their control,
restoration in marine and connected systems has been largely ineffantivadaptive management

that integrates ecosystetibased approaches can improve management outcomes and enhance
ecosystem functioninfRoyet 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 transformatiMeore & 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 cimops, redefined ecosystem functions,

and transformed socteconomic dynamics. Emerging evidence suggests that many NIS can contribute
positively to biodiversity reinforcing and strengthening structural and functional ecosystem processes,
for instance, B creating novel habitats, regulating other invasive species, serving as food sources, or
through ecosystem engineeriffRilovet al, 2022; Tsirintanist al, 2022; Katsanevakis 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 Wf@uisrcatet 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 manaferakeoumet al, 2016;
Kleitouet 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(Giangrandeet al, 2020) Embracing a pragmatic and holistic approach that accounts for
these complexities anpgermanence of alternative stable staiesssential for achieving Targets 1, 3,

10, and 11 of the Kunmirigontreal Global Biodiversity Framework (GBR}sanevakist al, 2024)

Managing a complex ecosystem to balance the delivery of its services lies at the core of ecosystem
based managemerfPalumbiet al, 2009) Adaptive governance builds on these principles, offering a
flexible, dynamic, and contegpecific framework for addressing the uncertainties and complexities
associated with NI$Chaffin et al, 2016) By integrating sociecological feedbacks, adaptive
governance enables management strategies to evolve, enhancing system resilience to undesirable
changes or facilitating transitions to more desirable st@baffinet al, 2014) This approach relies on

the adaptation ability to reorganize resources, foster learning, and respond proactively to shifting
ecological and socieconomic conditions, ensuring that management remains effective in the face of
rapid changéMetcalfet al, 2015)
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flavicaudg are significantly boosting local economies
and supporting smaittcale fisheries of the eastern
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A practical tool of adaptive governance is ResistAcceptDirect (RAD) framewaorkvhich 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 reli@denanagement benchmarf&chuurmaret 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 systengSchuurmaret al, 2020; Williams & Brown, 2024 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 compositio(Aplet & Cole, 2010; Lynehal, 2021; Thompsoat al, 2021)

In the Resist approachmanagement interventions aim to maintain or restore ecosystem processes,
function, structure, or composition to historical or acceptable current conditions. In contrast, the
Accept approacimvolves 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, Digect approachactively shapes ecosystem
trajectories toward desired new conditions, optimizing ecosystem services andesoc@mic
outcomes by transforming ecosystems into states better aligned with current and future climates or
resource needs.

Implementing a holistic framework for managing Niotigenous Species (NIS) in the Mediterranean
necessitates a unified approach that aligns ecological integrity withemm@mic objectives. This is
crucial for mitigating adverse effects and maximibieigefits across diverse Mediterranean contexts.
Our methodological approach integrates various analytical dimensions:

1. Systematic reviewNe conducted a comprehensive bibliographic review to gather existing
research on NIS control in the Mediterranean.
2. Integration ofpractical knowledgeWe 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 developmeént 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 addressHeg@ogoiic
goals.




While the nonindigenous rabbitfishSiganus

rivulatug depletes Cyprus' coastal reefs through
overgrazing, yet it remains highly valued in local
fisheries and one of the most common catches.
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2 METHODOLOGY

To generate an overview of the current researchnmarine NIS contrah the Mediterranean, we

conducted @ystematicrevieWw 2 f f 2 Ay 3 twL{a! madetS TFdzARSt Ay Sa I F
context. On January 3, 2025, we ran a bibliometric search in the Scopus database. While Scopus has
recognized gaps such as fewer fiemglish or pr000 records, these were deemed gaiable 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
F2ff26Ay3a 1jdzZSNRY oay2ynylidA@dSé hw ay2ynmAyRAISy?2
GfFA22y£€0 ' b5 06aSRAGSNNI ySwWyaWNBYBDI D& YhN| DA 2 K
GoA2t23A0FT O2y(iNRBfté¢ hw aOdzZ t Ay3aé hw aKINBSalGAY:
We applied filters to exclude conference papers, notes, and other unclassified publications, resulting in

an initial retrievabf 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 disciegggplied control/management/mitigationf NIS,

3. If a review/perspective, it had to propose a tangible framework or model relevant to NIS
control.

I FdA t tGSEG NBOGASS 2F (KS&S R20dzySyida SEOf dzRSR
inclusion criteria (e.qg., purely terrestrial/freshwater contexts, no applied measures, or insufficient detail

on control). To maintain a sharp focus on appdimatrol 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 B RAmework (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 Astzinom

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 Contrdargeted Removals, #7 Implement Biolalgi@ontrol, #8

Restore & Protect Ecosystems, #9 Do Nothing (Passive Acceptance), #10 Monitoring, Models, Risk
l3aSaavySyias I mm . A28SOdzNRGe0 YR az2yAl2NAy3 cCc2C
G5Aa0NROdzIAZ2Y Y2RSt g i3 dot typialyOoassified hsf ait KcfivézEhéasué 2 y A
(Robertsonet al, 2020) it has been incorporated into the analysis because it underpins direct
management interventions and is essential to any management str@@eggial ozancet al, 2025)
CAylLftftes ¢S y20SR Fye Y2yAuUuz2NRAy3I 2N S@Lfdzt GAZ2Y Y
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effectiveness/relevance of the measure applied (Supplementary Material 1).
Summarizing the literature review steps:
U Records identified (n=406)
U Duplicates removed (n=1)
U { ONBSYyAy3a Ih Cdzf t TG SEG St AIA
U LYOtdzRSR Ay GKS FAYyLFt Fylfte

Ale

A u I
A K NB

_ ¢

avySyi
M TAY

Q) W«
> QX
w» U

Q¢ O
Q¢

¢CKS FylFLfteara 2F oAo0fA2YSGNRO RIGIE 61 a LISNF2NYSR
GIALEtdz@AlL £ €D LY RRAGAZ2YS GKS ReylFYAOa 2F aOASy
free and opersource Bibliometrix R packageddats accompanying graphical interface, Biblios{#n

& 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 tatasevords 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 categpei 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
aSRAGSNNI ySIHy NY¥zyyAy3d LINE 2S Oinged appr@ndhdbfogtisinecd?oir b L {
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:

1 Case study title

1 Geographic location

1 Habitat/ecosystem type

9 Target NIS (species)

1 Project timeline

1 Lead organizations/implementers

1 Control measure categories (aligned with our#1l classification)

9 Description of controlmeasure(s) (e.g., mechanical removal, biosecurity inspections,
commercial valorisation)

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

1 Challenges & barriers (e.qg., insufficient funding, stakeholder resistance, technical difficulties)

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

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

Insights from both the systematic review (Phase 1) (and additional / relevant literature) and the
GFrNBSGSR OFasS aiddzReé FLIINRBFOK o6t KIFaS HOU 6SNBE Ay
following the taxonomy introduced in Chapter 2.1.2. Each measupeesented with a cohesive

structure, covering rationale, evidence from published sources, illustrative case study examples, critical
observations, and a concluding SWOT analysis.




3 RESULTS

3.1 Landscape of NIS control research in the Mediterranean Sea

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 sigmifi 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 arficles, eac
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).
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'biological invasion' as central nodes, closely linked with ‘climate change' and 'biofouling’, underscoring
the focal points and interconnections withimetNIS discourse (Figure 3).
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Spatial and thematic clustering of tihultiple Correspondence Analysis (MCA) identified distinct
associations between research themes and geographic areas. For instance, 'biological invasions' and
‘fisheries management' are frequently associated with the 'Adriatic Sea' and 'Cyprus', regpective
highlighting regional research emphases (Figure 4).
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This thematic map categorized research themes into Motor, Emerging, or Declining themes based on
their centrality and density. Central themes like 'biological invasion' and 'climate change' dominate the
discourse, while 'eastern Mediterranean' and 'Atlaridiue crab' emerge as newer areas of focus
(Figure 5).
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Our analysis of documents around the ReAsteptDirect (RAD) framework, reveals a predominant

focus on 'Resist' strategies across the reviewed literature, which constitute most articles. Despite an
exponential growth in publications on 'Resist' stref@e@i> G KS RAa02dzNES 2y W O0S
measures for managing NIS remain sparse. A persistent trend towards preventative and monitoring
control strategies over actionable interventions was identified (Figure 6). However, a trajectory towards

a bmoader acknowledgment within fisheries and acceptance strategies was documented after 2015
(Figure 7).
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3.2 Targeted case studies and expert consultations

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 showatigarge strategies, target
species, habitats, and outcomes. They were identified through both our targeted literature review and
expert consultations (Chapter 2), ensuring a blend ofdeslbimented initiatives and more local or
emerging Mediterranean affts

From both published literatur@.g.Critchleyet al, 1986; Anderson, 2008ancinelliet 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 fronKatsanevakis (20228hdAzzurroet 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 asultations primarily contributed to case studies focusing on market promotion

and valorisation (n=12) (Figure 8).

#1 Develop & Manage A Commercial Fishery
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e lmplement Spatial contee _
#7 Implement Biological Control -
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#10 Monitoring, Models, Risk Assessment

#11 Biosecurity I
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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 synthesizegghts from both the systematic literature review

0t KIasS mT /KFLIGSNI odmy YR G4KS GFNBSGSR OFasS adad
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 seetmnomic driverg§Marchessawet al, 2023b; de Carvalho
Souzeet al, 2024) This approach can becasteffective, systematic, and sustainabtentrol measure

against biological invasions, aligning with Ecosy&ased Management principléBadjecket al,

2010; Kleitowet al, 2021a; Hidalget al, 2022) However, some NIS may exert such disproportionate
ecological harm that promoting a fishery would be counterproductive, requiring more aggressive
measuregKleitouet al, 2021a) Distinguishing these species througlust monitoringand cost;

benefit analyses recommendedKleitouet al, 2021a; Azzurret al, 2024c)

Evidence from published documents

1 NIS are part disheries sustainabilityn the eastern Mediterranean, NIS ncemprise a large
share2 ¥ FTAAKSNE I yRAYy3Ia gA0K2dzi aWad Rijefdl,O yif &
2020) In Cyprus and Greece, for instance, NIS comprise roughly half efcatallishery
landings; frequent targets include the rabbitfisBiganusspp.), silvecheeked toadfish
(Lagocephalus scelerajubluespotted cornetfishF{stularia commersoiiRed Sea goatfish
(Parupeneus forsskgliand lionfish Fterois miles(Moutopouloset al, 2021; Kleitowet al.,
2022b; Kondylatost al, 2023)

1 Exploitations can reduce populations of NE&mulation models confirm thatargeted
exploitationcan reduce invasive lionfish or pufferfish populatifvigchailidiset 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 assyMimeesidiset al,,
2023; Sidiropouloet al, 2024)

1 The case of blue crab&lue crab Callinectes sapiduslso Portunus segnjshas proven
commercially promisingh multiple Mediterranean countries, albeit with challenges such as
gear damage and ecological conflidfarchessaurt al, 2023b; Rifet al, 2023; Mancinelkt
al, 2024¥ ¢ dzyPdrtanlid- s€paiishery soared from <1 million USD in 2016 to ~30 million
USD in 202@Souisset al, 2024)

1 The case of manila clams parallel example comes from the manila cldRudftapes
philippinarum, whose introduction in Europe decades agsulted in new fisherieis Spain,
ISYSNIXGAy3a 06S0G6SSYy ewmn YA (Ramajset al, JOR6) Eheugh Y A € £ A ;
size limits and permissible gear use have promoted a degree of sustainable exp(@tzibo
et al, 2021) overharvesting and widespread noompliance still threaten lorgrm
profitability (Pontiet al, 2017; Coelhet al, 2021)

1 Lack of markets and incentivéme NIS lack meaningful market value, remain undersized, or
face low consumer acceptan¢Biciotti 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 NL®joriniet al,, 2022)

1 Evaluating the tradeffs between ecosystem and fisheri@slancing eradication goals with
GadzadrAylrotS SELX 2A01 (A 2ryad exampld ig theNDeritéri& ®lanNS 3 dzf |
for Combating the Blue Crab in Corsica (2@227) (Marchessawet al, 2023b) which




conflicts with GFCM Recommendation GFCM/42/2018/7 about maintaining blue crab stocks at
MSY while ensuring soeagonomic viability. Management is further constrained by complex
life cycles and interactions with the ecosysigiein & Verlaque, 2011; Akgun & Akoglu, 2023)
uncertain stock dynamid€laveroet al, 2022; Kevrekidist al, 2023)and regulatory gaps
(Coelhcet al, 2021; Kleitowet al., 2021a) Continuous cogbenefit analyses to analyze the net
trade-offs and adaptive harvest strategies are therefssentialCoelhcet al, 2021; Kleitou

et al, 2021a; Azzurret al, 2024c)

lllustrative examples from Case Studies

When an NIS becomes marketable, commercial fisheries can channel economic incentives directly into
systematic removal

1

Tunisiag Blue swimming cratiPortunus segnjdishery

Authorities supplied traps and supported marketing efforts, thereby increasing fishing pressure on a
harmful invadeSouisset al, 2024; Supplementary Material 2, Literature Case Study 34)

il

Northern Adriatic USEIt project (Expert Case Study #4)

Promotes the Atlantic blue craB4dllinectes sapidufor Italian gastronomy. Fishers are encouraged to
keep (rather than discard) catches, creating partial economic returns.

9 58tdGlF RSt t2 &.ftdzSFdé LINR2SOG O69ELISNI /1 a8 {i
Began in December 2021, engaging fishers and establishing ineicsiféaprocessing f&@. sapidus
By 2023, these blue crab products were sold in local supermarkets and exported to the US and South
Y2NBIZ NBFTNIYAYy3I | daydzhial yoOSé alLlSOASa Aydz2 || NBC

il

LagoMEAL project (Expert Case Study #8)

Investigates aquafeed production from the toxic pufferfisigocephalus sceleratu$ demand and
viable pricing emerge, fishers gain incentive to target (and thus reduce) this harmful species.

Critical insights from Case Studies & literature

i

Stable or emerging demanidany success stories hinge on immediate local or export markets.

+2fF0AfTS O2yadzySNJ LINBFSNByO0Saszx RzawlsHENE Oy

2024c)

Perverse incentiveg highly profitable NIS may tempt some stakeholders to resist eradication
or even spread it. Regulatory oversight and monitoring are critical for preventing such
outcomeg(Kleitouet al, 2021a; de Carvalh®ouzeet al, 2024)

Bridging acceptance gapsoxic or venomous species (e.g., pufferfish) demand robust safety
checks, education, and dependable supply chains to maintain consumédmMinessidist al,,

2023)

Regulatory complexityBtrategic removals can conflict with other mechanisms. For instance,
intensive removal of female blue craffdarchessawet al, 2024bgan clash with GFCM
recommendations for maintaining a stock at MSY levels. Overharvesting or ignoring ecosystem
interactions can create new imbalan¢Pentiet al, 2017; Kleitowt al., 2021a)




Develop & manage a commercial fishery

Converts a “nuisance” species
into economic value

Offers a self-funding removal
mechanism via sustained
harvest

Potential synergy with
existing gear/operations.

Value-added products (e.g.,
eco-leather, fishmeal) reduce
waste

. Integration with sustainability

or eco-label schemes
Industrial partnerships can
open new markets (e.g.,
Italy’s C. sapidus, USEIt).

Risk of deliberate spread to
maintain profit

Consumer acceptance hurdles
(toxicity, unknown species)
Needs stable regulation to
prevent ecological harm.

Market crashes or shifting
consumer tastes can
undermine viability
Overharvesting or partial
removal might cause new
imbalances

May overshadow urgent
interventions (e.g., immediate
removals, biosecurity).
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Interlink with other measures

Commercial NIS fisheries often require market Promotion & Valorisation (Measure #3) to build or
sustain demand, Monitoring & Risk Assessment (Measure #10) to set harvest limits and track population
changes, Spatially Targeted Removals (Measure #6) tofisluing effort on known hotspots or key
reproductive periods.
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;f,;“j," Captured at @gastronomic event in Cyprus in 2022, this image
g fﬂj ' illustrates the diverse range of nandigenous species now
. commonly found in Mediterranean restaurants. Featured are
the yellowtail barracudaSphyraena flavicaudathe Red Sea
goatfish Parupeneus forsskalithe bluespotted cornetfish
(Fistularia commersoniiand the African blue swimming crab
(Portunus segn)s These species, once alien to the
Mediterranean ecosystem, are increasingly embraced by
fisheries, local markets and culinary traditions

Photo credits: © MER lab, All Rights Reserved




Rationale & key insights

Marine recreational fisheries (MRF) can exsbstantial fishing pressur@nd thus play a role in
controlling invasive populatior{ftewinet al, 2019) Moreover, motivated recreational fishers often
contribute to conservation by initiating or joiningmoval initiativegGraneket al, 2008) Although
profit is not their primary motive, the pursuit of personal enjoyment, cultural traditions, or consumptive
use can makeecreational fishera consistent removal force, even when invasive populations appear
overfishedKleiveret al, 2020)

By mobilizing recreational fishémsperform intensive removals, managers could suppressitmgact
invaders and restore aspects of ecosystem balance. This comituwily approach becomes
especially relevant where commercial incentives are limited or slow to emerge. In Europe alone, an
estimated8.7 million peoplgartake in recreational fishing f@B million daysinnually(Hyderet al,

2018) generatingu n ®p  oahd stippdtifig ~89,500 fttime jobs(Hyderet 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:

1 Recreational catches can surpass the commercial ¢neyprus, the combined weight and
economic value of recreational catches nsurpasseshat of coastal commercial fisheries,
with rabbitfish §iganusspp.) particularly abundar(Michailidiset al, 2020; Kleitowet al,
2022b)

1 Selective harvesting can be effecti@antrolled lionfishRterois milesremovals by divers in
Marine Protected Areas (MPAS) have significantly reduced lionfish densities suggesting that
selective gearsincluding free diving and SCUBA with spearfishing, can be highly effective in
controlling lionfish populations at selected si(Bskou, 2024; Kleitoet al, 2024; Savvet al,

2024)

1 Radical new licence for N88lective fishingA noteworthy concept is the introduction of a
dedicated recreational fishing licensargeting ecologically damaging NISeitou 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; elypieciabecies not
easily targeted by commercial vesg@leitouet al, 2021a)

1 Cultural challenges: challenge identified is tha¢creational fisherslo not always prioritize
bL{ 2@SNJ ylI (A @Bichailidisé@al, JROBCE KleitdieSal) 2R 2b) Additionally,
targeting toxic or stinging organisms (e.g., pufferfish) raises safety concerns, apatiak
dispersion of recreational fishing complicates enforcement. Volunteer engagement can
fluctuate, and deeper habitats or remote areas often remain wirdpacted, especially by free
divers(Kleitouet al, 2022b)

lllustrative exampleom Case Studies

T / FNROOoSIY ftA2YyFAAK AG5SNDHASEE
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.

9 Targeted removals in Cyprus MPAs
In a parallel Mediterranean effort (Literature Case Study #29; Expert Case Study #3), volunteer divers
systematically removéterois milesfrom priority reefs, generatingemporary declinesin local




populations. Public outreach and community {myhave proven essential for sustained removal
events.

Critical Insights from Case Studies & literature

U Motivation & community pridei A 2y FAAK GRSNDbAS&¢ | yR 2GKSNJ NB
competitive spark, effectively targeting accessible reefs and priority sites like MPAs. However,
deeper zones remain largely untouched, allowingpvasion.

U Continuity of effortEnthusiasm can drop if events or incentives (e.g., prizes, recognition) are
not regularly updated. Volunteer fatigue undermines consistent impact.

U Legal & safety barriers1 MPAs, spearfishing is frequently restricted, even for invagiess
adaptive legislatioprovides special permissiofieitouet al, 2021c) Handling venomous or
toxic species (e.g., lionfish, pufferfish) also demands strict safety protocols.

U Data gapsRecreational fishers may only report partial information. Some prefer to catch
GLINBAGAIA2dzae aLISOASA NI GKSNJ (KL yMichailidisst f A YA (7
al., 2020; Kleitowet al, 2022b)

S

Encourage recreational harvesting

« Mobilizes a broad base « Unpredictable volunteer
of motivated participants effort (people come and go)
+ Builds community pride « Risk of misidentification or
and stewardship accidental harm to native
- Low cost to management species
agencies if volunteers « Limited by accessibility
cover gear and time. (primarily shallow reefs).

« Combine events for ecotourism » Volunteer “burnout”

opportunities without ongoing incentives
« Integrate with market or recognition
promotions (selling or donating » Potential legal barriers
catch) (spearfishing bans in
+ Introduce licenses/training to MPASs)
boost skill & safety. « Minimal impact if
» Protect no take zones through deeper/remote populations
targeted recreational remain unaddressed.

(community-based) removals
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Interlink with other measures
WSONBI GA2yFf KIFENBSadAy3d STFF2NLa ftA3dy 6A0GK GKS &
rely on strong education and public awareness (Measure #4). They can also be linked with broader

monitoring initiatives (Measure #10), where citizen saengporting aids in tracking emergent
invasions.




Rationale & key insights

Marketbased approaches for the valorisation of NIS are emerging as a powerful tool in invasive species
managemenf{de Carvalhéouzeet al, 2024) By fostering consumer demand for NIS, the commercial

use of these species can incentiviizderies 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 harvestiagccessful
valorisation strategy requires a wsttuctured 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 valorisationvolve creating or expanding markets for Aindigenous species
(NIS), providin§inancial incentiveor their removal and, ultimately, helping mitigate their ecological
impacts(Kleitouet al, 2019b; de CarvalhBouzaet al, 2024) In practical termsit @I f 2 NFad | GA 2y &
encompass:

- Food marketge.g., restaurants offering invasive fish or crabs),

- Nutraceutical/biotechnological applicatiofs.g., harvesting invasive algae for antibacterial

compounds),
- Industrial productge.g., ecdeather from fish skins).

The overarching goal isatignconservation objectives (reducing NIS populations) with-sactnomic
drivers (new revenue streams or employment). Yet, caution is required topmru@rse incentives
where a profitable NIS is seen as too valuable to eradic€atgrantidou & Kaiser, 2024)

Evidence from published documents

Studies from across the Mediterranean suggest that matieen approaches, when designed
carefully, can botloffset removal costandfoster stakeholder engagement

1 Consumer acceptance & demamdGreece62%of surveyed consumers indicated willingness
to purchase edible NIS (e.§iganuspp., lionfish), an@9%supported certification schemes
to guarantee safety and sustainabi(Bjdiropoulotet al, 2024) In Italy, an online survey found
growing interesin blue crab Callinectes sapidyshough gaps remain in distribution chains,
hindering consistent availabilippzzurrcet al,, 2024d)

1 Biotechnological & industrial usesvlany species could potentially be utilized in
biotechnological or other industries. For instance, the invasive reAspgaagopsis taxiformis
exhibits antibacterial, algicidal, and antioxidant properties, making it attractive for
pharmaceutical or cosmetic applicatiqisariet al, 2022) Caulerpa racemosa var. cylindracea
is under study for water treatmen(Cengiz & Cavas, 2008)d broader work on invasive
seaweeds suggests diversemmercial potentiabn biotechnological industrgMollo et al,
2015)

1 Foodrelated innovations for valorisatiors flowthrough pond system in Italy successfully
producedsoft-shell blue crabsraising their market valugCilentiet al, 2024) Nutritional
studies highlight the potential of NIS products as healthy food opidremassit al, 2022)
Ecolabeling, media campaigns, and culinary promotion can mitigate public concerns about
toxicity while also emphasizing conservation g@dkstouet al, 2019b)

9 Limited market for some NI®espite these promising avenues, some invasive splacies
immediate commercial appeal due to size, taste, or strong consumer Ki2isaxtti et al,
2016; Papageorgiou & Moutopoulos, 2028yditionally,bounty-like schemes for certain
species can distort incentives or management age(idlasanet al, 2022; de CarvalkhSouza
et al, 2024; Kourantidou & Kaiser, 2024)




lllustrative examples from Case Studies

Below are a fewgelected exampleshowing how market promotion has been tested:

1 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 perceptionfleitouet al, 2019b)

91 Le Puffer (Expert Case Study #11)
In Turkiyel.agocephalus sceleratskins were turned intecoleatherfor fashion items. While media
coverage sparked interest, maintaining steady removal of this toxic pufferfish depends on stable
production and demand.

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

1 CHITELIX (Expert Case Study #14)
This Tunisian company is creating a sustainable industry arblued crab (Portunus segnjs
bioproducts includingchitin and chitosan extraction

These and similar endeavours demonstratepgbtential of marketbased valorisation to engage local
communities, fishers, and entrepreneurs. However, they also higldigiitengeslike fluctuating
supply, product novelty, and the need for continuous promotion.

Critical Insights from Case Studies & literature

U Balancing profit & conservatioHigh market value can riskstainingan invader if eradication
jeopardizes incomg&ourantidou & Kaiser, 2024)lear management objectives, e.g., capping
or functionally eradicating populations, should remain primary.

U Supply chain & safetyzor venomous or toxic species (lionfish, pufferfish), strict handling
protocols, labelling, and public awareness are crucial for consistent market acceptance
(Minasidiset al, 2023) Supply chains need to be established for newcomers.

0 Consumer engagemenBurveys confirm that consumers are open to trying NIS when assured
of quality and ecological benefifSidiropoulowet al, 2024) Marketing campaigns and media
exposure (e.g., cooking shows) can reduce stigma and attract new déKlaitduet al,
2019b)
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Market promotion & valorization

Aligns conservation &
economic motives: turning a
nuisance species into a
resource

Enhanced stakeholder buy-in:

fishers see a direct benefit in
NIS removals

Media & culinary appeal: can
shift negative public
perceptions.

Culinary festivals & eco-
labels: attract curious
consumers, aligning with
tourism or gastronomic
heritage

. Potential for diversified

products: pharma, aquafeed,
eco-leather, etc

Funding synergies with
climate or biodiversity
initiatives.
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Interlink with other measures
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Supply chain fragility:
inconsistent NIS catches
hamper stable
restaurant/retail supply
Consumer skepticism:
particularly for venomous or
“unknown” species

Ongoing promotional costs to
keep interest high.

Market-driven perverse
incentives: if an NIS becomes
profitable, stakeholders may
resist eradication
Health/food safety scares
(toxicity, contamination) can
halt demand

Fickle consumer trends:
sudden drops in popularity
can stall removal efforts.
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Market and valorisation efforts reinforce spatial removal campaigns (Chapter 3.3.6), encouraging
targeted and/or sustainable fishing, and they benefit from ongoing monitoring (Chapter 3.3.10) to
prevent population rebounds. They also require stakeholdgagement (Chapter 3.3.5) to maintain

high compliance and to integrate market solutions with broader ecosysésed strategies.




HIGHLIGHT CASE STUDY
Transforming an Invasive Pufferfish into Eco-
Friendly Leather in Southern Turkey

The poisonous pufferfishes (family Tetraodontidae),
especially the silver-cheeked toadfish (Lagocephalus
sceleratus), has become an increasing concern for
Mediterranean fisheries, posing what can be described
as an unfair battle due to its rapid spread, high toxicity,
lack of commercial value, and strong negative impacts
on fishery gears, catches, and native biodiversity. In
February 2022, with support from the UNDP Ocean
Innovation Challenge, Mersea Consulting launched a
pioneering initiative to harness the skins of pufferfish
for leather production—turning a harmful invasive
species into a valuable commodity while empowering
local communities.

By working exclusively with small-scale fishers in
southern Turkey, the initiative created the area’s only
pufterfish fishery dedicated to collecting skins for eco-
friendly textiles. Fishers received training on safe
handling methods and were provided with deep
freezers to ensure high-quality preservation of the
catch. Through dedicated research and development,
Mersea Consulting perfected a tanning process that
highlights the fish’s distinct, natural patterns, and
ensured that the resulting leather meets stringent EU
standards.

A design studio was then established at Mersea
Consulting’s  office, where two women from
marginalized backgrounds were trained by leather
experts over a 12-week period. Their handcrafted
pufferfish leather products quickly garnered interest,
leading to the launch of an international sales website
in June 2023. The focus for 2024 is to expand brand
recognition and build high-end collaborations within
the European fashion industry. To reinforce the
product’s connection to European markets, the brand
underwent a rebranding in January 2025, changing its
name from “Olta Azul” to “Le Puffer.” By providing
alternative livelihoods for coastal fishers, engaging
local women in craft production, and removing a
destructive fish from the ecosystem, the project

illustrates a holistic and innovative approach to Picturescredit:

: i : A s © Aylin Ulman
promoting  biodiversity  protection,  COMMUNItY Ay Riohts Reserved
empowerment, and a new eco-friendly textile line
within the global fashion market

References and sources:
- https://pufferfishleather.com/ (accessed 19/01/2025)




HIGHLIGHT CASE STUDY
CHITELIX: Transforming Marine By-products Into
High-Value Biotech Solutions

CHITELIX is an innovative biotechnology startup oH H3,C3 0 ) oH s

HN Deacetylation 2
specializing in the valorization of marine éoﬁ 31%4\) —_— ég;ﬁg%\}
byproducts, with a particular focus on chitin and Hoo (NH o ¢/ g !
chitosan extraction for advanced applications in CHs
health, agriculture, and environmental
sustainability. Founded by Anis Ben Ghalia and
Kais Aouaieb, CHITELIX was established with the
mission of converting seafood waste into high-value,
sustainable bioproducts, thereby promoting a
circular economy in the marine sector. The startup
operates in Tunisia at the Technopole Alimentaire
de Bizerte, with a presence at Startup Village, Tunis, ' .
and is currently exploring expansion opportunities ' g%:::ﬁcfdm

Chitin Chitosan

in new markets. All Rights Reserved
The journey of CHITELIX began with rigorous R&D, market research, and raw material validation. By securing
early-stage research contracts, they established a proof of concept that paved the way for their initial funding
round. In 2023, they achieved a significant milestone by raising $1.3 million USD in pre-seed funding to kickstart
the industrial-scale production of their bioproducts.
CHITELIX operates at the intersection of biotechnology and environmental sustainability, developing eco-
friendly biomaterials derived from marine resources. Their primary expertise lies in chitin and chitosan
extraction, which have broad applications in:

. Biomedical research: Drug delivery systems, wound healing, and tissue engineering.

. Agriculture: Biofertilizers and biopesticides to support sustainable farming.

. Foodand packaging: Natural preservatives and biodegradable packaging alternatives.

. Water treatment: Biopolymers for heavy metal and pollutant removal.
In 2024, they are set to complete the setup of their main factory and begin the acquisition of crucial production
equipment. This strategic expansion will enable them to start production and focus on product development and
optimization by 2025, with aims to broaden their market reach internationally.
One of their key projects involved the commercialization of the invasive Blue Swimming Crab (Portunus segnis).
Instead of treating this species solely as an ecological threat, they developed a processing value chain, creating a
sustainable industry around crab-derived bioproducts, including chitin and chitosan extraction. This initiative
aligns with CHITELIX’s commitment to transforming marine waste into valuable resources, reducing
environmental impact, and fostering economic development.




Rationale & key insights

Education and public awarenes® repeatedly cited as among the most critical measures for reducing
new introductions of NIS and mitigating their spread and img&iekoumiet al, 2019a; Azzurret
al., 2024a)
1. Supportnecessary management interventions (e.g., targeted removals, biosecurity measures),
2. Adoptsafe 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 tteffective educational campaigaso enhance early detection (via citizen
science), increase acceptance of control measures, and facilitate broader stakeholder engagement
(Seekampet al, 2016; Kleitowet 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 maintenayuzejum
releases o careless disposal of live baj§eekampet al, 2016; Kleitouet al, 2019b) Effective
educational campaigns can also encourage early detection, promote comiativély monitoring,

and improve overall acceptance of control measures such as targeted removals or-baaedet
valorisation.

Evidence from published documents

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

f Consumer attituded: Yy DNBSOS> LIS2L) SQa gAfftAydaySaa G2
rabbitfish, lionfish) correlates strongly with perceived ecological benefits and food safety
assuranceéMinasidiset al, 2023; Sidiropouloat al, 2024) Campaigns emphasizing both the
sustainabilityand gastronomicpotential of these species can promote acceptance, thereby
aiding targeted removalXleitouet al,, 2022a; Marchessawt al, 2024a)

1 Communityfocused efforts:In Tunisia, localized campaigns on the blue c@dllifectes
sapidu$ clarified its commercial value and proper handling, reducing discard rates and
reshaping public perception®ifi et al, 2023) Meanwhile, volunteebased programs in
Cyprus showed that divers who participated in coordinated lionfish removals gained a stronger
sense of environmental responsibility and remained active in monit@iagouet al, 2021c)

1 Preventing inadvertent introductions: lack of awareness is frequently identified as a key
driver of accidental NIS releas@Sarrefio & Lloret, 2021).eisure boats, for instance, spread
hitchhiking species via hull fouling or propellers, while aquarium hobbyists may unknowingly
NBf SIasS o NSakado, 2212)Cleai, dhBistent messaging about the distinctions
between venomous vs. poisonous species can also prevent misunderstandings that undermine
public safety or hamper control actiofifeitouet al, 2022b; Frenet al, 2024)

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

lllustrative examples from Case Studies

Below are a fewgelected exampleshowing how market promotion has been tested:

1 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 perceptionfleitouet al, 2019b)

1 Le Puffer (Expert Case Study #11)
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In Turkiyel.agocephalus sceleratskins were turned intecoleatherfor fashion items. While media
coverage sparked interest, maintaining steady removal of this toxic pufferfish depends on stable
production and demand.

1 RELIONMED (Expert Case Study #3)

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

These and similar endeavours demonstratepgbtential of marketbased valorisation to engage local
communities, fishers, and entrepreneurs. However, they also higldigiitengeslike fluctuating
supply, product novelty, and the need for continuous promotion.

Critical Insights from Case Studies & literature

U Balancing profit & conservatioHigh market value can riskstainingan invader if eradication
jeopardizes incomg&ourantidou & Kaiser, 2024lear management objectives, e.g., capping
or functionally eradicating populations, should remain primary.

U Supply chain & safetyzor venomous or toxic species (lionfish, pufferfish), dtéridling
protocols, labeling, and public awarenems crucial for consistent market acceptance
(Minasidiset al, 2023)

0 Consumer engagemenBurveys confirm that consumers are open to trying NIS a$sured
of quality and ecological benefitSidiropoulowet al, 2024) Marketing campaigns and media
exposure (e.g., cooking shows) can reduce stigma and attract new déKlaitduet al,
2019b)
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