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Abstract: The European Regulation (EU) 1143/2014 on Invasive Alien Species entered into force in
2015, with the aim to fulfill regional and international biodiversity goals in a concerted manner. To
date, the Regulation listed 66 Invasive Alien Species (IAS) that are subject to legal controls. Only
one of these is marine. A recent lionfish (Pterois miles) invasion has been closely monitored in
the Mediterranean and a detailed risk assessment was made about the profound impacts that this
invasive fish is likely to have on the fisheries and biodiversity of the region. In 2016–21, lionfish
rapidly became dominant predators along Eastern Mediterranean coasts, yet the process for their
inclusion on the EU IAS list has been lengthy and is ongoing. There is an urgent need to learn
from this experience. Here, we recommend improvements to the Regulation 1143/2014 and the
risk assessment process to protect marine ecosystems and secure the jobs of people that rely on
coastal resources.

Keywords: invasive species; alien species; non-indigenous species; Lessepsian; risk assessment;
Regulation 1143; recommendations; management; control; early response

1. Introduction

Globalization and intensification of human activities are driving an accelerating num-
ber of non-indigenous species (NIS, also known as alien, exotic, introduced, or non-native
species) to areas beyond their natural ranges, reshaping local communities and altering
ecosystem services [1,2]. A subset of NIS, known as invasive alien species (IAS), have harm-
ful impacts on the economy, environment, and health of the recipient ecosystem [3]. They
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are one of the primary threats to global biodiversity and human livelihoods [4,5]. Europe
is heavily affected by NIS with over 13,000 alien or cryptogenic taxa currently reported
in the European Alien Species Information Network [6,7]. Quantitative simulations on
future trajectories until 2050, have projected that Europe will face the highest continental
increases (+2543 ± 237) of established NIS [8]. Even moderate increases are expected to
cause major impacts on most socioecological contexts, and these can be mitigated only if
rapid and comprehensive actions are taken [9].

As invasive species are numerous, it would be impossible to adopt dedicated measures
against all. In 2014, Europe adopted an innovative and ambitious legislation on IAS (EU
Regulation no.1143/2014; hereafter: IAS Regulation) that represents a major advance
towards a coordinated and harmonized procedure for IAS management [10]. The IAS
Regulation came into force in 2015 to fulfill international and regional legislation such as
the Action 16 of Target 5 of the EU 2020 Biodiversity Strategy, and the Aichi Target 9 of
the Strategic Plan for Biodiversity 2011–2020 under the Convention of Biological Diversity.
Its importance is highlighted in the EU Biodiversity Strategy for 2030, which states that
the IAS Regulation must be stepped up “to minimize, and where possible eliminate, the
introduction and establishment of alien species in the EU environment” [11].

At the core of this legislation, the list of IAS of Union concern (“the Union list”)
identifies species whose adverse impact requires concerted action at a Union level. The
need for concerted action must be demonstrated through a detailed risk assessment (Article
5.1), while socio-economic aspects to ensure that disproportionate or excessive costs will
be avoided need to also be considered. Species that are included in the Union list are
subject to stringent provisions for prevention, early detection and rapid eradication, and
management. The import, transit within the Union, trade, possession, breeding, transport,
use, and release into the environment are restricted (Article 7). European member states are
obliged to identify the pathways which require priority action for the IAS of Union concern
and then establish and implement at least a single action plan to address those pathways
(Article 13). Moreover, member states are obliged to establish a surveillance system for
the IAS of concern (Article 14), immediately attempt eradication at an early stage of their
invasion (Article 17), or place effective management measures to minimize the spread and
impacts of already established IAS (Article 19).

The IAS Regulation departed from traditional approaches and set a precautionary, yet
challenging approach towards IAS management [12]. The first years of its implementation
offered critical insights and opportunities for improvement. A noteworthy case is the
disproportionately low presence of marine species on the Union list, which does not
fully acknowledge or address the threat they pose to the EU marine environment [13].
European Seas host the highest number of NIS worldwide with over 800 taxa considered as
established [14]. The majority of these NIS are found in the Mediterranean Sea where they
are spreading rapidly while indigenous species are declining, thus impairing the function,
structure, and integrity of the marine ecosystems [15–18]. In the eastern Mediterranean,
NIS together with climate change are driving biodiversity collapse [19]. However, only one
marine species, Plotosus lineatus (Thunberg, 1787) is currently included on the IAS Union
list [13], which includes 66 terrestrial and freshwater NIS (EC/2019/1262).

A marine species currently under consideration by the EU for inclusion on the Union
list is the lionfish, Pterois miles (Bennett, 1828), first reported in the Mediterranean Sea
in 2012 from Lebanon [20] after an unsuccessful invasion attempt in 1991 [21]. Lionfish
quickly became established in the Levantine [22,23] and spread towards the central Mediter-
ranean [24,25], demonstrating one of the fastest fish invasions ever reported in the region.
The species was already involved in a major invasion of tropical and subtropical habitats
in the western Atlantic basin [26]. Due to its documented invasion history, an EU horizon-
scanning exercise concerning new or emerging species ranked lionfish as second on a list
of 95 species that should be prioritized for risk assessment [27].

To respond swiftly to this invasion of the Mediterranean Sea, the European Union
funded the RELIONMED project, through the EU Commission’s LIFE programme 2014–2020
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(LIFE16 NAT/CY/000832) that aimed to make Cyprus the first line of defense against
the invasion [28]. The project aims to address the invasion at an early stage, collect the
necessary data, and guide concerted actions against the lionfish (P. miles) management in
the basin by adding the species to the Union list.

In this document, we (1) present the RELIONMED efforts to collect early-invasion
data and propose lionfish Pterois miles for inclusion to the Union list; (2) document lessons
learnt from this effort; and (3) provide recommendations on the basic IAS Regulation and
the Delegated Regulation on risk assessments 2018/968 that could be applied to improve
relevance, coverage, effectiveness, and management of marine IAS at a European and
regional level.

2. The Lionfish (Pterois miles) Invasion History

The native range of Pterois miles (Figure 1) is restricted to the Indian Ocean, specifically
from the Red Sea all the way down to eastern South Africa, including the Arabian Sea,
Persian Gulf, Gulf of Oman, Laccadive Sea, Bay of Bengal, Andaman Sea, and Indonesian
region [29]. Around Indonesia, P. miles population overlaps with the congeneric Pterois
volitans and Pterois russelii. Pterois miles, and P. volitans (known as lionfish complex) invaded
the North-western Atlantic in late 1980s and expanded throughout the region, northwards
along the east coast of the USA reaching as far as Rhode Island, eastwards to Bermuda, and
southwards throughout the Gulf of Mexico, Central America, South America, Caribbean,
and Brazil [30,31]. Several biological and ecological traits have contributed to their inva-
sion success including, an opportunistic predator and generalist diet [32,33], anatomical,
and physiological traits that optimize its feeding strategy [34,35], defensive venomous
spines [36], rapid maturity [37], iteroparous, broadcast and highly fecund spawning [30],
and a pelagic larval phase that allows dispersion of larvae across great distances for about
20–35 days [38].
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Marine Protected Area in May 2019.

Despite having intermediate consumption rates, the higher densities and catch effi-
ciency of lionfish has resulted in high impacts to the local biodiversity [39]. Numerous
studies from the Western Atlantic have demonstrated that an increase in lionfish abundance
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can lead to a significant decline in the recruitment, biomass, and abundance of local fish
species [40–44]; with the impacts felt at a regional level [45]. At some invaded sites there
have been reports of up to 95% reduction in abundance of small native species [41]. Apart
from direct impacts on local fish communities, lionfish were found capable to drive an
overall shift in invertebrate assemblage composition, [46] and shift sites to algal-dominated
habitats through predation on herbivorous reef fishes [47–49]. Using an ecological model
that uses prey consumption and biomass production, Green et al. [50] suggested that
predation effects of lionfish are nonlinear but begin to occur beyond a particular threshold
of predation mortality, thus impacting on communities with high biomass are unlikely
under low lionfish densities.

3. Proposal of Lionfish for Inclusion to the Union List
3.1. Data Collection and Species Proposal

The RELIONMED proposal was submitted in September 2016, when lionfish popula-
tions were still limited and restricted to the eastern Mediterranean. In 2017, the four-year
project was accepted for funding and successfully initiated in September 2017. The early
project actions aimed to cover the elements of the risk assessment as specified in the Article
5(1) of the IAS Regulation and the delegated Regulation (EU) 2018/968. These elements
include organism information, native and alien distribution, pathways and probability of
introduction, probability of establishment and spread under present and future climatic
conditions, and magnitude of impacts (on biodiversity, ecosystems, ecosystem services,
socio-economy, and human health).

Under the RELIONMED project actions, lionfish specimens were collected and ex-
amined; taxonomic identity and pathway of introduction were studied using molecular
analyses; growth rates were estimated based on otoliths; reproduction was investigated by
studying gonads; and foraging behavior and potential impacts to local biota were analyzed
through stomach contents examination. (More details on the methodologies can be found
in (More details on the methodologies can be found in [51,52]). The introduction patterns
of lionfish under different environmental conditions were analyzed using observations by
citizen-scientists [28,51], while questionnaire surveys were conducted targeting the general
public and stakeholders to elucidate known uses of lionfish in the market, as well as percep-
tions and knowledge about the invasion [53]. To cover information on the risk management
(Article 4(3)(e) and Article 4(6)), the efficiency of targeted lionfish removals was monitored
through ecological and socioeconomic surveys to assess the costs of removals relative to
the cost of inaction from social and economic points of view.

Results of the project were compiled with data from the literature to produce a com-
prehensive risk assessment together with evidence for the cost-effectiveness of the species
management. The scoring and classification for the risk assessment evaluations were based
on a combination of protocols as suggested by the EU (Supplementary Material 1). Possible
measures to manage the lionfish invasion in the Mediterranean Sea were identified for (i)
prevention, (ii) eradication, and (iii) long term control. Both documents were peer-reviewed
by two independent scientists before submission to the EC in February 2019. Following
review by the Scientific Forum of the EU and comments by stakeholders, a revised risk
assessment was submitted in 2020. The submissions were deemed by the Scientific Forum
as robust and fit-for-purpose in November 2020, and the species inclusion will be brought
for discussion to the IAS Committee with a view to be screened against the criteria of
Article 4(3), with due consideration to Article 4(6) in June 2021.

3.2. Results of the Lionfish Risk and Management Assessments

The results of this effort have confirmed the imminent threats of the lionfish invasion
in the Mediterranean and identified potential management measures that could be applied
to limit the potential damages.

The risk assessment concluded with high confidence that there is a high degree of
risk (social, ecological, and economic) associated with the future spread of lionfish in the
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Mediterranean and the European Union. Most notably, in the years from the first sighting
to submission of the risk assessment, lionfish were able to rapidly spread and establish in
the entire Levantine Sea, southern and central Aegean Sea, Greek Ionian Sea, and reach
Tunisia and Italy [22,24,25,54]. This demonstrates one of the fastest fish invasions ever
reported in the eastern Mediterranean Sea [55] (Figures 2 and 3; Supplementary Material 2).
The reported lionfish sightings by citizen scientists (sea users, divers, fishers, etc.) of count
(number of reports) and density observed (number of lionfish individuals) have increased
substantially over these years; from 1 to 3 individuals to over 50 observed in a single day
(Figures 2 and 3; Supplementary Material 2). Indicatively, over 300 lionfish were removed
from three single-day eradication events in 2019–2020 from small areas (about two hectares)
within Cyprus Marine Protected Areas (RELIONMED data).
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In the Mediterranean, lionfish are mostly found on rocky substrata, followed by
seagrass (Posidonia oceanica) meadows [51], and they are also able to occupy deep-water
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habitats [56] including Dendrophyllia ramea coral communities at 130–150 m depth [57].
The biological studies conducted in the Mediterranean have shown that lionfish have
characteristics that are typical of invasive success such as early maturity, rapid growth
rates, generalist predation behavior, lack of natural predators, and naïve prey [51,58–60].

The most relevant introduction pathways that were identified were (a) Corridor (In-
terconnected waterways/basins/seas-Suez Canal), (b) Release in nature (other intentional
release—aquarium hobbyist), and (c) Transport-Stowaway (Ship/boat ballast water). The
Suez Canal, as confirmed by genetic studies, is the major pathway of lionfish introduction
in the basin [25,61,62]. Natural dispersal of lionfish has been identified as the major path-
way of spread within the Mediterranean, but other introduction pathways could enhance
its genetic diversity and also facilitate its spread.

There is uncertainty about how far the species will spread under current and projected
climate change. Species Distribution Models (SDMs) have been inaccurate in predicting
lionfish Mediterranean hotspot areas (e.g., [63]), likely due to climatic niche expansion
(i.e., the environmental shift of species beyond their climatic limits in their native ranges)
and the presence of a favorable climate in the invaded domain not yet occupied by the
species [55,64]. Assessments of the future spread and impact of lionfish in the Mediter-
ranean were conducted in two ways: (a) a conservative approach, based on an ensemble
of Species Distribution Models, projected that lionfish will remain restricted to the east-
ern Mediterranean under projected climate change scenarios [55,65], and (b) assuming
that lionfish are only limited by the winter isotherm of 15 ◦C, as is the case in North
Carolina (USA) [25,66]. Using the latter method, lionfish were expected to spread to the
western Mediterranean Sea and southern Iberian coast under current climatic conditions,
and towards the Adriatic Sea, Bay of Biscay, and Macaronesia, according with the pre-
dicted climate change (Representative Concentration Pathway scenario 6.0) (see Ch2. in
Supplementary Material 1).

The magnitude of impacts on biodiversity, ecosystem services, economy, and human
health are thought to be “major” to “massive” but with medium confidence in the evidence
used to underpin the assessment. Despite certainty about the impacts of lionfish on ecology,
economy, and human wellbeing in the western Atlantic [40–44,46–49], limited information
was available about the effects of the invasion in the Mediterranean Sea. Therefore, most
assessments about the potential impacts of lionfish at the European scale were scored with
low confidence (Figure 4; Section “Magnitude of Impact” in Supplementary Material 1).
The assessments anticipate that lionfish impacts exacerbate under climate change scenarios
(Supplementary Material 1).

Options for Risk Management (Supplementary Material 3) identified three preven-
tion, three eradication, and seven management measures that could be used to limit
the ecological and socioeconomic losses caused by the lionfish invasion in the Mediter-
ranean (Supplementary Material 3). The application of prevention measures could
limit the genetic diversity of lionfish in the Mediterranean and prevent facilitation of
lionfish spread within the basin; thus, they were promoted where cost-effective. Since
the invasion is already well underway, eradication measures will have little success
and could focus only in areas where lionfish are at a very early stage of invasion, and
populations are still very limited. As regards to management/control measures, it
was shown that diver-led culling can be effective to control lionfish in priority areas;
however, legislative framework changes would be needed to allow removal events
though scuba diving. Citizen science monitoring, dissemination of science-based
knowledge, and market promotion of the lionfish were all found to be low-cost actions
with a great potential for managing the lionfish invasion and they would deserve to be
supported and properly coordinated at the regional or sub-regional level. Moreover,
the implementation of these actions would offer important benefits (e.g., engagement
of local communities, regular monitoring, and adaptive management) for dealing with
other invasive species too. New removal/fishery techniques such as lionfish specific
traps [67] and underwater robotics [68] hold potential but need development and test-
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ing in Europe and potentially legislation changes to enable their use. Fishery reforms
that could be used to tackle lionfish and other marine species in the Mediterranean
were elaborated by Kleitou et al. [69].

The full risk assessment and risk management documents can be found in Supple-
mentary Material 1 and Supplementary Material 3, respectively.
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3.3. Insights and Recommendations for the IAS Regulation

The process undertaken for the inclusion of lionfish on the Union list extracted
many insights and highlighted limitations of the IAS Regulation, particularly with
respect to marine species, justifying the disproportionately low presence of marine
species in the list of IAS of Union concern [13]. These include the need to demonstrate
the threat in the absence of sufficient ecological and socioeconomic data, limited in-
volvement by non-member states, unchallenged primary pathways of invasion (mainly
through the Suez Canal), lengthy evaluation processes, and need for adaptive manage-
ment of marine species (Table 1). Identifying the limitations in these first years of the
IAS Regulation implementation are crucial towards an improved Post-2020 framework
on IAS. In Table 1, we summarize the major challenges and recommendations that
could be used to improve and streamline the EU legislation against IAS, and we discuss
each point further below.
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Table 1. Overview of challenges identified from the lionfish invasion in the Mediterranean and recommendations to
improve EU Regulation and implementation against marine invasive alien species (IAS).

Challenge Recommendation(s)

Specificities of the marine environment, contradictory
priorities, and insufficient proactive action

(i) Horizon scanning exercises
(ii) Pre-defined rapid response plans on the basis of species traits and
initial spread patterns

Lack of information and absence of effective surveillance
systems

(i) A more strategic and coherent monitoring in NIS hotspot areas
(ii) Stationary monitoring stations and long-term ecological and
socioeconomic data collection

Inadequate involvement of non-EU Member States in
prevention and control measures

(i) Synergies with established regional legally binding instruments
(ii) Common strategies, protocols, and management activities

Adaptive management measures are needed (i) Dead specimens of IAS of Union concern to be allowed (and
promoted) in the food market in order to incentivize targeted fishery

Evaluation processes are slow

(i) All the steps of the invasive species evaluation for inclusion in the
Union list need to be shorter in duration
(ii) Peer-review to be conducted with strict deadlines or even not
required in cases where risk assessments are conducted by more than
three authors and at least two independent affiliations
(iii) Use of the Article 11 provisions of the IAS Regulation for faster
and regional response

3.3.1. Specificities of the Marine Environment, Contradictory Priorities, and Insufficient
Proactive Action

The IAS Regulation encompasses all taxonomic groups and habitats within a single
instrument, which does not acknowledge, nor address the fundamental differences between
terrestrial and marine systems. Measures on banning sales and border controls on imported
goods and travelers, while crucial for preventing terrestrial invasions (particularly traded
plans and animals), and while indeed recognized as a key strength of the IAS Regulation,
are meaningless for the marine environment. Importantly, the transport of organisms in
the connective aquatic medium by the convective forces of ocean currents significantly
surpasses, in magnitude and rate, the potential for propagule dispersal in terrestrial
ecosystems [70,71]. Indicatively, lionfish larvae are able to disperse across great distances
for about 20–35 days before they settle to benthic habitats [38]. Habitat corridors, natural
barriers and discontinuities have little effect on marine organisms compared to their
terrestrial counterparts, especially on those with a pelagic or biphasic life cycle [70,72].

From an applied perspective, higher dispersal capacity increases the speed of changes,
decreases the time available for rapid management response, and challenges the effective-
ness of long-term management, necessitating faster reaction and stronger cross-border
cooperation. Eradication of marine invasive species has rarely been achieved and only in
restricted areas following early detection and rapid response (e.g., [73,74]).

The IAS Regulation acknowledges that prevention is more environmentally desirable
and cost-effective than reaction after the introduction of an IAS and should therefore be
prioritized. Accordingly, priority is given to species that are not yet present in the Union
or are at an early stage of invasion. Indeed, the control of marine invasive species is more
likely to succeed if a species detection and management response is fast [75]. However,
IAS can be listed in the Union list only if they meet the criteria mentioned in Article 4
(Paragraph 3), including that “they are, based on available scientific evidence, likely to
have a significant adverse impact on biodiversity or the related ecosystem services, and
may also have an adverse impact on human health or the economy”, and that “it is likely
that the inclusion on the Union list will effectively prevent, minimize or mitigate their
adverse impact”. “An IAS should be considered to be of Union concern if the damage
that it causes in affected Member States is so significant that it justifies the adoption of
dedicated measures applicable across the Union”.

The criteria of the IAS Regulation can be viewed as contradictory to a proactive
approach where prevention and/or early eradication are prioritized. They are compatible
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with a reactive approach, where countries need to first recognize the threats and show
evidence that IAS policy can be turned into management actions [76]. By the time that
sufficient data are available to assess the potential impacts, marine species, as exemplified
by the lionfish, can spread over a vast area, making eradication unfeasible and management
attempts disproportionately costly [77,78].

Horizon scanning exercises, to keep a continuous overview of IAS, along with rapid
on-demand site-based assessments for a specific purpose (e.g., an IAS sighting), are useful
in prioritizing species and guiding proactive measures [13,79,80]. To further support rapid
response after early detection, an improved IAS Regulation would necessitate pre-defined
rapid response plans by member states, on the basis of species traits and initial spread
patterns (see, e.g., [81]). This would allow rapid decision making on the appropriate
actions for eradication immediately after detection, without the need of time-consuming
species-specific evaluations. The rapid response plans will allow to identify where, how,
on what, and when we should act, and first prioritize management actions rapidly at an
early stage than can potentially control the population, and thus increase the likelihood of
success [70].

3.3.2. Lack of Information and Absence of Effective Surveillance Systems

Despite the focus given to the Mediterranean Sea, as the most invaded marine region
worldwide [14], there is still lack of standardized and harmonized monitoring throughout the
basin [82] and substantial knowledge gaps for marine invasions [83]. Information on marine
species distributions, ecology, and evolution is often fragmented or non-existent [84,85]. The
Delegated Regulation on risk assessments (EC/2018/968) acknowledges the possibility of
incomplete knowledge about a species, and the need for risk assessments to “be able to account
for such lack of knowledge and information and address the high degree of uncertainty as
regards the consequences of an introduction or spread of the relevant species”. Indeed, the
knowledge gaps on the lionfish establishment, spread, and impacts were notable, albeit the
coordinated effort for rapid data collection.

The IAS Regulation highlights the importance of surveillance systems for the IAS.
Specifically, it states that, “surveillance systems offer the most appropriate means for early
detection of new invasive alien species and for the determination of the distribution of
already established species.” In addition, Member States are obliged to establish a surveil-
lance system of IAS of Union concern, or include it in their existing system, which collects
and records data for IAS or other species (Article 14 of the IAS Regulation). According to
the Article 19, the surveillance system should also be designed to monitor the efficiency of
management interventions in minimizing the impacts of an IAS, as well as their impacts
on non-targeted species.

The absence of effective surveillance systems from the lionfish-invaded areas was
identified as a major bottleneck through the process to compile the risk assessment. The
development of a (i) joint instrument for data and information of alien species through
the European Alien Species Information Network (EASIN) [7,86], and the (ii) monitoring
conducted by Member States in the context of the European Union’s Marine Strategy
Framework Directive [87] are useful for providing distribution data, but lack of standard-
ization, harmonization, and duration to enable understanding of species impacts [87,88].
The emergence of participatory initiatives [15,89] and citizen science have been found
effective mostly in monitoring the distribution of NIS and for early detection, particularly
for conspicuous taxa such as the lionfish [90–95]. Other survey methods have been found
able to capture different and complementary views of an ecosystem [96,97]. To understand
mechanisms underlying ecological patterns and impacts by NIS, a targeted and hypothesis-
driven research strategy is needed [98]. Fragmented efforts by Member States, without
coordination and strategic implementation, might lead to gathering futile data that cannot
enhance the understanding of interactions at relevant ecosystem levels [99,100].

A more strategic and coherent monitoring plan could be promoted by the EU to
optimize data collection and facilitate transparent, auditable, and timely decision-making.
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The value of time-series ecological and socioeconomic data has been emphasized in conser-
vation policy [101], but no data were available to rapidly elucidate the impacts of lionfish
in the Mediterranean ecosystems. Long-term data before and after the invasion could
potentially enable a better understanding of the changes caused by the invasive species,
together with well-designed comparisons between affected and unaffected sites. More EU
effort can be strategically placed in areas where NIS are first recorded and by accounting
dispersal and colonization processes, e.g., near NIS hotspots areas, in the Levant (e.g.,
Cyprus) which is the first area to be affected by Lessepsian immigrations, and in harbors
and marinas for ship-mediated introductions.

3.3.3. Inadequate Involvement of Non-EU Member States in Prevention and
Control Measures

The IAS Regulation highlights that “cross-border cooperation, particularly with neigh-
boring countries, should be fostered to contribute to its effective application.” Article 22 of
the IAS Regulation refers to the need for cooperation and coordination but only within the
EU. Geopolitical borders do not affect the invasion of NIS and international cooperation is
needed in management actions [102,103]. The Mediterranean Sea shares coastlines with
21 countries from which only seven are EU Member States. Isolative attempts from Member
States to prevent introductions and/or manage IAS will likely be unsuccessful, particularly
when dealing with species with high dispersal capacity.

The IAS Regulation obligates Member States to ban the intentional or negligent in-
troduction of alive individuals of species of Union concern to avoid, as stated, situations
where action taken in one Member State is undermined by inaction in another Member
State. In addition, it requires all Member States to establish and implement one single
action plan or a set of action plans to address the priority pathways of introductions.
However, many IAS including lionfish, spread to the EU via secondary dispersal from
non-EU Member States. The most important primary pathway for NIS introductions in
the eastern Mediterranean is the Suez Canal in Egypt [104,105]. Propagule (e.g., larvae
and eggs) pressure from neighboring countries will persist in spite of the implementation
of any IAS Regulation provisions at member state level. In our management assessment
(Supplementary Material 3), we highlight the importance of cooperation and enforcement
of biosecurity measures in the Suez Canal. This includes the installation of a high-salinity
section in the Suez Canal, reinstating the former salinity barrier of the Bitter Lakes, and/or
the establishment of locks that would additionally decrease current movements and disper-
sal of propagules drifting to the Mediterranean. Similarly, other legislation and effort, such
as the ban from the market (aquarium) for species of Union concern or the legal framework
to control translocations of non-native species in aquaculture (EC/708/2007), need to be
promoted regionally [106,107].

The involvement of non-EU Member States could delay IAS establishment allowing
more time for response, as well as enable a more consistent, multi-vector, and coordinated
approach against IAS. Synergies with established, regional, legally binding instruments
(e.g., Barcelona Convention and General Fisheries Commission for the Mediterranean) can
be promoted, voluntary codes of conduct can be implemented, and common strategies,
protocols and management activities can be adopted at regional scales.

3.3.4. Adaptive Management Measures Are Needed

The IAS Regulation follows a hierarchy of management measures for prevention, early
detection and rapid eradication, and lastly ongoing management. As demonstrated by
the lionfish invasion, the level of quantitative data required for species to be placed in
the Union list is barely available for marine species that are not already established and
widespread. Therefore, measures for prevention and early response might not be adequate,
and efforts are shifting to long-term management. For management measures, the IAS
Regulation indicates that they shall be proportionate to the impact on the environment
based on an analysis of costs and benefits. Raising public awareness and education, and
encouragement of physical removal and commercial utilization have been recognized as
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few of the most low-cost but relatively effective management actions for marine IAS in the
Mediterranean Sea [69,81].

Article 7 of the IAS Regulation specifies that species of Union concern should not be
intentionally placed on the market and that buying, selling, using, and exchanging the
IAS shall be prohibited. The IAS Regulation needs to be adapted for dead specimens to
be allowed (and promoted) in the food market in order to incentivize a targeted fishery
and hence continuous removal from the natural environment [69,78]. Time consuming
and costly processes, and preconditions associated with derogations from the fishery mar-
ket/trading restrictions of marine species (e.g., that species are widespread, inclusion
of measures in member states management plan, obligations for monitoring, and con-
trol of market) could be avoided to enable early and sustainable fishery pressure to IAS
populations [69].

3.3.5. Faster Evaluation Processes Are Needed

The data collection, analyses of evidence, and the proposal of species to the Union
list took years allowing lionfish populations to expand substantially (Figure 3). All the
steps of the invasive species evaluation need to be shorter in duration for any rapid
response to be possible. To achieve this, the Scientific Forum and stakeholders can deliver
their opinions faster (e.g., a month rather than the four months as experienced in our
lionfish Risk Assessment) and examine the proposals for marine species more often, thus
allowing prompt (re-)submissions and minimizing the duration from the first sighting to
the evaluation of the risk assessment. In addition, the Scientific Forum’s final decision could
be closer in date to the evaluation by the committee of representatives of the Member States.
In the case of the recent lionfish risk assessment, significant time, and an annual deadline
of the Commission was missed due to the need for peer-revision of the 129-page-long
risk assessment. According to the Article 2 of the Delegated Regulation (EC/2018/968), a
quality control process shall include at least a review of the risk assessment by two peer
reviewers, and the author(s) of the risk assessment as well as the peer reviewers must be
independent and have relevant scientific expertise, and not affiliated to the same institution.
To limit costs, logistical difficulties, and delays, we suggest peer-review to be conducted
with strict deadlines or even not required in cases where risk assessments are conducted
by more than three authors, at least two independent affiliations, and represented by two
different Member States.

An alternative approach to avoid lengthy risk assessment processes for adding IAS
to the Union list as well as Article 7 (market) restrictions would be the use of the Article
11 provisions of the IAS Regulation. Article 11 allows member states to identify from
the national list of IAS, species that require enhanced regional cooperation and establish
provisional measures (e.g., Articles 13, 14, 16, 17, 19, and 20) with the support of the
European Commission. The procedure is also linked to Article 22, which encourages
cooperation/coordination among member states that share marine sub-regions, regarding
marine species and may be enhanced through implementing acts. Although not used by
any member state yet, Article 11 could offer an alternative, faster regional response and
could be further promoted by the European Commission and member states.

4. Conclusions

The EU Invasive Alien Species Regulation is the core legislation for IAS management
in Europe, and its importance is highlighted in the EU Biodiversity Strategy for 2030.
However, marine species are under-represented despite posing a major socioeconomic and
environmental threat in the region. Using the case of a current lionfish invasion in the
Mediterranean Sea, we highlight some clear limitations of the basic Regulation 1143/2014
as well as the Delegated Regulation 2018/968 to manage the issue of marine bioinvasions in
the Mediterranean region. The main issues originate from the intrinsic differences between
terrestrial and marine systems, and the low consideration of marine bioinvasions in these
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regulations. This work identified and proposed several measures for improvement of the
EU legislation.

The high connectivity of marine ecosystems necessitates a rapid approach. A lack
of available information (both ecological and socioeconomic) emphasized the need for
strategic, coordinated, and improved monitoring in sentinel locations of Europe. Efforts in
the European marine sub-regions could be easily undermined by a lack of support from
non-member states, and their cooperation is even more important and should be further
facilitated. It is in the best interests of the EU to proactively promote biosecurity in the
Suez Canal, to work with Egypt and the international maritime industry, and address this
fundamental threat to the Mediterranean socio-ecological system. Given the difficulties
in eradicating established marine invasive species, adaptive management efforts should
aim to promote public awareness and education, to incentivize targeted fisheries, and to
promote continuous removal from the natural environment [69].
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Albano, P.G. Twelve recommendations for advancing marine conservation in European and contiguous seas. Front. Mar. Sci.
2020, 7, 879. [CrossRef]

76. Early, R.; Bradley, B.A.; Dukes, J.S.; Lawler, J.J.; Olden, J.D.; Blumenthal, D.M.; Gonzalez, P.; Grosholz, E.D.; Ibañez, I.; Miller, L.P.
Global threats from invasive alien species in the twenty-first century and national response capacities. Nat. Commun. 2016, 7, 1–9.
[CrossRef]

77. Booy, O.; Robertson, P.; Moore, N.; Ward, J.; Roy, H.; Adriaens, T.; Shaw, R.; Valkenburg, J.; Wyn, G.; Bertolino, S.; et al. Using
structured eradication feasibility assessment to prioritise the management of new and emerging invasive alien species in Europe.
Glob. Chang. Biol. 2020, 26, 6235–6250. [CrossRef] [PubMed]

78. Mannino, A.M.; Borfecchia, F.; Micheli, C. Tracking Marine Alien Macroalgae in the Mediterranean Sea: The Contribution of
Citizen Science and Remote Sensing. J. Mar. Sci. Eng. 2021, 9, 288.

79. Peyton, J.; Martinou, A.F.; Pescott, O.L.; Demetriou, M.; Adriaens, T.; Arianoutsou, M.; Bazos, I.; Bean, C.W.; Booy, O.; Botham, M.
Horizon scanning for invasive alien species with the potential to threaten biodiversity and human health on a Mediterranean
island. Biol. Invasions 2019, 21, 2107–2125. [CrossRef]

80. Peyton, J.M.; Martinou, A.F.; Adriaens, T.; Chartosia, N.; Karachle, P.K.; Rabitsch, W.; Tricarico, E.; Arianoutsou, M.; Bacher,
S.; Bazos, I. Horizon scanning to predict and prioritize invasive alien species with the potential to threaten human health and
economies on Cyprus. Front. Ecol. Evol. 2020, 8, 284. [CrossRef]

81. Giakoumi, S.; Katsanevakis, S.; Albano, P.G.; Azzurro, E.; Cardoso, A.C.; Cebrian, E.; Deidun, A.; Edelist, D.; Francour, P.; Jimenez,
C. Management priorities for marine invasive species. Sci. Total Environ. 2019, 688, 976–982. [CrossRef]

82. Boon, P.J.; Clarke, S.A.; Copp, G.H. Alien species and the EU Water Framework Directive: A comparative assessment of European
approaches. Biol. Invasions 2020, 22, 1497–1512. [CrossRef]

83. Roy, H.E.; Bacher, S.; Essl, F.; Adriaens, T.; Aldridge, D.C.; Bishop, J.D.; Blackburn, T.M.; Branquart, E.; Brodie, J.; Carboneras, C.
Developing a list of invasive alien species likely to threaten biodiversity and ecosystems in the European Union. Glob. Chang. Biol.
2019, 25, 1032–1048. [CrossRef]

84. Rilov, G.; Mazaris, A.D.; Stelzenmüller, V.; Helmuth, B.; Wahl, M.; Guy-Haim, T.; Mieszkowska, N.; Ledoux, J.-B.; Katsanevakis, S.
Adaptive marine conservation planning in the face of climate change: What can we learn from physiological, ecological and
genetic studies? Glob. Ecol. Conserv. 2019, 17, e00566. [CrossRef]

85. Bonanno, G.; Orlando-Bonaca, M. Non-indigenous marine species in the Mediterranean Sea—Myth and reality. Environ. Sci.
Policy 2019, 96, 123–131. [CrossRef]

http://doi.org/10.1080/24701394.2018.1482284
http://www.ncbi.nlm.nih.gov/pubmed/29873574
http://doi.org/10.1111/ele.12401
http://www.ncbi.nlm.nih.gov/pubmed/25626355
http://doi.org/10.1093/icesjms/fsz207
http://doi.org/10.3354/meps10882
http://doi.org/10.1371/journal.pone.0230985
http://www.ncbi.nlm.nih.gov/pubmed/32845879
http://doi.org/10.1016/j.tree.2016.11.005
http://doi.org/10.1016/j.jenvman.2020.111690
http://www.ncbi.nlm.nih.gov/pubmed/33246748
http://doi.org/10.1890/1051-0761(2003)013[0090:CMATEI]2.0.CO;2
http://doi.org/10.1890/01-0622
http://doi.org/10.1111/brv.12198
http://doi.org/10.1007/s10530-004-3123-z
http://doi.org/10.1080/13235818.2000.10673730
http://doi.org/10.3389/fmars.2020.565968
http://doi.org/10.1038/ncomms12485
http://doi.org/10.1111/gcb.15280
http://www.ncbi.nlm.nih.gov/pubmed/32851731
http://doi.org/10.1007/s10530-019-01961-7
http://doi.org/10.3389/fevo.2020.566281
http://doi.org/10.1016/j.scitotenv.2019.06.282
http://doi.org/10.1007/s10530-020-02201-z
http://doi.org/10.1111/gcb.14527
http://doi.org/10.1016/j.gecco.2019.e00566
http://doi.org/10.1016/j.envsci.2019.03.014


J. Mar. Sci. Eng. 2021, 9, 325 16 of 16

86. Katsanevakis, S.; Bogucarskis, K.; Gatto, F.; Vandekerkhove, J.; Deriu, I.; Cardoso, A.C. Building the European Alien Species
Information Network (EASIN): A novel approach for the exploration of distributed alien species data. Bioinvasions Rec. 2012, 1,
235–245. [CrossRef]

87. Tsiamis, K.; Palialexis, A.; Stefanova, K.; Gladan, Ž.N.; Skejić, S.; Despalatović, M.; Cvitković, I.; Dragičević, B.; Dulčić, J.; Vidjak,
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