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ANNEX 12. Evidence on measures and their implementation cost and cost-effectiveness
	Species (common name)
	Striped eel catfish

	Species (scientific name)
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	Description of measures
	Assessment of implementation cost and cost-effectiveness  (per measure)
	Level of confidence

	Methods to achieve  prevention (P1-P3)


	P1. To prevent ESCAPE from confinement from open or semi-open circulation aquaria: stricter control/enforcement of cleaning operations (filters, disinfection), especially at the outlet to the sea
	 Awareness raising campaigns run in association with aquarium suppliers, and improved biosecurity measures in private, public and research aquaria would address a potential pathway for a range of species, providing value beyond the management of P. lineatus. 


	Low

	
	P2. To prevent intentional RELEASE from private aquaria: awareness campaigns to educate the public on the threats posed by P. lineatus to the environment, ecosystem services and human well-being.


	It is difficult to assess the long-term effectiveness of these programmes.
	Low

	
	P3. Prohibit trade by including P. lineatus in the Annexes of the CITES convention, in order to prevent introduction and spread into EU countries where the species is not present through aquarium trade. 
	This method has not been implemented before but it has been proposed for other invasive species, e.g. for the marine fish Neogobius melanostomus – Verreycken, 2013).

Monetary estimates are not available. However, since the CITES Convention is already in place, additional costs for the amendment of the Annexes are not expected to be high. On the other hand, trade prohibition could result in loss of income in the aquarium trade industry. Existing (but limited) information indicate that P. lineatus as an ornamental species is not very highly in demand by European aquarists (Murray et al., 2014), thus, a ban on sale would be unlikely to have a major impact  on the aquarium industry.
	Medium

	Methods to achieve  eradication 

(E1-E3)


	Theoretically, eradication may be possible for localised, newly established populations at low densities with limited dispersal capabilities (Delaney & Leung, 2010; Ojaveer et al, 2015). This would require an early warning system, monitoring efforts and a removal program.


	Physical removal of invasive species is generally endorsed by informed stakeholders, as long as it can easily be stopped and has no long-term consequences for the marine environment (Thresher & Kuris 2004)

In the marine environment, eradication of naturally dispersing species is generally considered unrealistic and has only been achieved in a handful of cases, when the introduced species had sessile adult stages, the populations were small and restricted, human and financial resources were available, and early action was taken (Williams & Grosholz, 2008).

Nevertheless, population control that leads to minimising the severity of impacts and the risk of transfer to yet uncolonised areas is considered feasible (Ojaveer et al., 2015).


	 

	
	E1. Early warning systems / awareness raising

Such initiatives are in place for Plotosus lineatus in a number of Mediterranean EU countries, if not on official species lists, at least through the networks of local/regional experts with stakeholders (see Annex of the RA document), national and regional collaboration platforms on invasive/alien species (e.g. ESENIAS, Karachle et al., 2017; ELNAIS), citizen science programmes and the press (see Q1.7a of the RA Document).


	As an indication of effectiveness, awareness campaigns in the public media on Pterois miles have led to its early detection in Italy (Sicily: Azzurro et al, 2017), Greece (Rhodes: Corsini-Foka & Kondylatos in Crocetta et al., 2015), Cyprus (Kletou et al., 2016).  

Part of the work can be materialized within the framework of existing programs, such as the Horizon 2020 ‘Doing It Together Science’ (DITOs) project, in which the European Citizen Scientist Association is involved and coordinate a series of events and activities with the aim to provide networking opportunities and to facilitate the exchange of good practices for the BioBlitz approach. BioBlitz events are important opportunities for public engagement with science, environmental management and policy. These are broad scale and not specific to Plotosus lineatus.
Another tool for effective knowledge exchange.is the network of networks (INVASIVESNET ) which aims to  facilitate greater understanding and improved management of invasive alien species (IAS) and biological invasions globally (Lucy et al., 2016).

	Medium

Early warning systems have proved effective for the early detection of Lessepsian invasive fishes.

	
	E2.Monitoring 

Monitoring can be achieved through scientific (e.g. MEDITS International bottom trawl survey in the Mediterranean Sea) and fisheries dependent surveys and should focus on the areas of the first expected entry points via natural dispersal. These are: Sicily (IT) from Tunisia, Cyprus from Syria and/or Turkey and the Dodecanese islands (GR) from Turkey once P. lineatus reaches the Aegean coast of Turkey.

	A cost effective method, utilising existing survey programmes and commercial fishing activities.


	

	
	E3.Removal program

Direct removal with intensive targeted fishery, especially during the spawning period, i.e. trawling in shallow waters in the summer months.
	This presents major problems as it goes against EU Regulation 1967/2006, which bans trawling at depths shallower than 50m throughout the year and additional fisheries restrictions implemented nationally in EU countries, mostly in the spring and summer months, to protect spawning stocks of commercial and other protected species.

Eradication has not been attempted for Plotosus lineatus in the invaded range but it is not expected to be a cost-effective, ecologically acceptable and realistic option. The deposition of eggs under rocks and debris and the parental care protect the eggs, whereas the general preference and spawning in shallow areas renders possible eradication measures (e.g. by trawling) destructive for native species and habitats, particularly sensitive habitats, such as reefs and seagrass beds. Additionally, local eradication would require ongoing, long-term, regular interjections due to the ongoing risk of re-introduction and spread from surrounding populations or through the Suez canal.
A case where one could derive information to arrive at a monetary estimate is that of Lagocephalus sceleratus in Cyprus. They implemented a targeted fishery program by collective groups of artisanal professional fishermen.  The amount paid to beneficiaries was based on the weight of fish that they would catch and deliver to an authorized waste management company (€3/kg). The amount paid to fishermen was approximately 145.000 € for two eradication campaigns during the reproductive season in 2011 and 2012 (DFMR Cyprus 2011, 2012) and eradication was not successful, however the species was already well established in Cyprus and has pelagic life stages. Eradication attempts of the lionfish Pterois volitans in the Carribean have also demonstrated that complete eradication is unlikely but population control under certain conditions is possible (Barbour et al., 2011; Frazer et al., 2012, Green et al. 2014).

	Medium 

Eradication attempts for marine fish species are limited to a small number of species and indicate that success in unlikely

	Methods to achieve  management 

(M1 – M5)
	M1. Population control and/or “containment” through targeted fishing activities.

If eradication is not possible at the core of the species’ distribution, in which case re-introduction through natural dispersal will be very likely, it could still be theoretically possible to contain the invader and control the newly established populations (Grosholz & Ruiz, 2002) with targeted fishing activities surrounding the core or new populations within a radius slightly larger than the yearly dispersal capability (Edwards & Leung, 2009).

	Containment would most likely require a long-term commitment over consecutive years over localized areas (Barbour et al., 2011) and would involve a considerable cost. As with eradication campaigns, it may require changes in legislation on fishing restrictions and prove detrimental to other species and habitats. The lack of a pelagic phase (Leis, 1993) and the preference of P. lineatus for shallow waters will act as impediments to rapid dispersal and may facilitate containment efforts.


	Medium

There is some evidence from the lionfish case that population control of an invasive marine fish is feasible, but with completely different methods (culling by spearfishing)

	
	M2. Human  consumption, commercial fisheries and the Discard Ban

Another control measure that has been implemented for marine invasive fishes is to encourage human consumption (Nunez et al 2012 and the example of Pterois volitans). In this context, including P. lineatus in the list of species covered by the landings obligation of the EU CFP (a.k.a. the Discard Ban) could promote commercial exploitation, alleviate some of the economic and health impacts of the species, and help control human-assisted spread through fisheries discards.


	In its native range P. lineatus is considered edible and is exploited by small scale fishers (Vijayakumaran 1997; Manikandarajan et al. 2014). 

The relevant legislation has not been implemented yet (i.e. the relevant EU Regulations for the landings obligations) but a similar solution has been proposed for the invasive fish Neogobius melanostomus in the Baltic Sea (Ojaveer et al. 2015). An argument against this practice is that encouraging commercial utilisation risks institutionalising a pest (Thresher & Kuris, 2004). Additionally, even though it is not a poisonous species, public concern about the toxicity of the skin and the gland beneath the dorsal spine (Shiomi et al., 1988), may make consumption problematic.


	Low



	
	M3. Regional co-ordination and policy integration with non-EU countries bordering the Mediterranean where P. lineatus is already present or expected to arrive 
	This would be important both for monitoring and for containment efforts between introduction “hotspots” and surrounding populations.
	

	
	M4. The EU Trade control and Expert System (TRACES) could be adjusted to gather compulsory information on the intra-EU trade of P. lineatus as an ornamental species (Biondo 2017). This system can currently be used to track imports of the species from third countries.
	Builds on existing mechanism and could help track the spread of P. lineatus through the aquarium trade in EU countries


	Low

	
	M5. For the mitigation of impacts: awareness campaigns to fishermen and the general public for the dangerous sting of the species and how to safely handle the organism and treat the injuries

	A recent study reporting on injuries from P. lineatus in Israel between 2007-2016 (Bentur et al., 2017) hypothesized that a decrease in the number of cases recorded by the Israel Poison Information Center after 2009 might be related (among other reasons) to the awareness of victims and physicians to the generally mild nature of the injury and the favorable response to supportive treatment.
	High
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