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	Summary 
Highlight of measures that provide the most cost-effective options to prevent the introduction, achieve early detection, rapidly eradicate and manage the species, including significant gaps in information or knowledge to identify cost-effective measures.

	Prevention of introduction:

Ballast water movements: The Ballast Water Management Convention entered into force on the 8th September 2017 and is currently in the process of being implemented. Although it is an existing practice, its current effectiveness of limiting introductions from occurring will be comparatively low in relation to what it will be once implementation has occurred. By the end of the lead in time for the Convention all countries will need to be applying the convention within scope of the articles of the Convention. Until the Convention has been fully implemented then the risk of the organism surviving passage via this pathway remains High.

Hull fouling movements: Hull fouling is controlled via anti-fouling paints and cleaning practices both in the commercial and recreational sectors. In contrast to ballast water, there are currently no specific conventions or legally binding international frameworks to control biofouling. In 2011, the IMO adopted Resolution MEPC.207(62) outlining the Guidelines for the Control and Management of Ships’ Biofouling to Minimize the Transfer of Invasive Aquatic Species. The Guidelines are supplemented by the Guidance for minimizing the transfer of invasive aquatic species as biofouling (hull fouling) for recreational craft circulated as MEPC.1/ Circ.792. While in some cases these guidelines will be followed and the risk from well-maintained vessels will be relatively low, those operators that do not follow the guidelines will present a much higher risk. Therefore, the organism is considered likely to be able to survive passage.

Deliberate introduction for aquaculture: Current legislation in the form of the Alien Species in Aquaculture Regulations (708/2007) prevents the deliberate introduction of non-native species for aquaculture, unless potential risks posed by the species are mitigated within EU member states. To establish an aquaculture site within the EU for this species the organism would need to be risk assessed under the regulations. This is likely to highlight that the species cannot be farmed without extensive mitigating measures (e.g. only farmed in enclosed indoor recirculating systems) put in place making any venture more expensive and therefore less desirable, or altogether impossible. In order for this legislation to remain effective at preventing arrival through intentional introduction, continued effective enforcement across the risk assessment area is required. 


Early detection: 

National monitoring programmes: Under the Marine Strategy Framework Directive (2008/56/EC) each Member State is required to implement a monitoring programme to assess the status of the 11 descriptors included in the directive, the second of which (descriptor 2) is concerning non-native species. In supporting documentation Commission Decision 2017/848 one of the (three) criteria for assessing descriptor 2 is the rate of introduction of new non-native species. Therefore, any supporting monitoring programme needs to be able to detect new introductions. This will in turn facilitate national rapid response processes. Monitoring programmes under the MSFD are starting to become more developed and robust in detection of marine non-native species, but there is still considerable work that need to be done in some cases to fully support rapid response processes.

e-DNA detection: New monitoring methods are constantly being developed to improve efficiency or detection rates (Bean et al. 2017). A method that has potentially a lot of application for detecting marine non-native species is the use of environmental DNA (eDNA). Although still being developed for full scale effective deployment in the marine environment, eDNA may well aid in the rapid and early detection of no-native species.


Rapid response:

Processes: Several countries within the Risk Assessment Area have rapid response processes established. These processes would be instigated in the case of the detection of a species as invasive as P. viridis. Methods have been developed elsewhere, for example in Australia, and these methods would be used to control the species if it was introduced elsewhere (Heersink et al 2014). This does however rely on the introduction being detected early in the invasion process and sufficient resources being made available to implement the controls. Given morphological similarity to native mussel species found in the area, monitoring and interception would require fairly specialist training and identification resources and trained experts to maintain regular monitoring in sites where new introductions would be most likely to occur.

Eradication methods: If a decision is made to attempt an eradication upon detection of the species there are several actions that could be undertaken, mainly based on where the population has been found, resources available and the potential for collateral damage as a result of application. Methods of treatment identified by the Australian authorities for managing the species includes i) draining, ii) flushing with freshwater and/or hot water, iii) chemical biocides, and iv) physical removal.

Prevention of spread and management:

A decision may be made not to try and eradicate, but to implement a containment and control process. This may include movement controls of potential vectors in addition to processes to limit the species distribution and population size to reduce impact and propagule pressure (i.e. limiting the risk of spread). The options for vector control will include ballast water and hull-fouling, as above, but will also need to be assessed on case by case basis depending on the use of the site. For example, marinas may want to put addition controls in place relating to recreational equipment, or an aquaculture site will need to consider methods of checking stock for contamination. Basic principles for (certain) vector control and species management include i) draining, ii) flushing with freshwater and/or hot water, iii) chemical biocides and iv) physical removal.




	Detailed assessment

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

	Methods of managing pathways (including prevention of introduction and spread) 
	Ballast Water Control: Effective control of ballast water exchange to reduce potential for introduction of P.viridis propagules into risk assessment area.
	 The Ballast Water Management Convention is complex and requires the establishment and running of infrastructure. Initially the Convention will need to be translated into a domestic statutory instrument by which enforcement activities can be instigated. How and to what extent the Convention is conveyed will determine the potential costs and cost effectiveness.  In addition to enforcement (including suitable testing of samples as part of the process) of the Convention costs will include monitoring to determine effectiveness and the establishment of warning systems (to communicate to operators where ballast water should not be taken up due to the present of harmful algal blooms, presence of sewage outfalls or invasive species), in addition to setting up intrastate such as on land sediment reception facilities. In relation to monitoring, certain elements of this maybe covered by the MSFD monitoring requirements. There are also some additional options that Member States may wish to adopt, for example, offering operators the ability to be given exemption for vessels travelling on dedicated routes. These exemptions will be based on risk assessments processes, which will be paid for by the operator and valid for a maximum of 5 years. It is therefore very difficult to attribute a cost to Member States in relation to the costs of implementation. The state incurred implementation costs is likely to be in access of $1M, for example Croatia estimated a cost of $1.4M (Interwies & Khuchua 2017), while the running costs are likely to be >$100,00 per annum (as estimated for the Bahamas), however, these costs are very approximate estimates and will vary considerably between Member States, depending on extent of implementation, national policy and number of ports.
The Convention introduces standards by which ships are required to operate, D1- ballast water exchange, where 95% ballast exchange is required to be conducted at least 200 nautical miles from the nearest land and in water at least 200 metres depth, and D2- ballast water management, where the vessel is fitted with a type approved treatment system. D1 is only a temporary standard whereby vessels are supposed to transit to a point where they have a ballast treatment system fitted. While D1 is relatively in expensive for operators, the installation costs of ballast water management systems can be considerable – estimates by ship-owner organisation BIMCO suggest up to $5 million (USD) per ship – and operational costs of the systems over the ship’s lifetime could be even higher (www.ballastwatermanagement.co.uk). For example, Colombia estimated an implementation cost of $81million based on 52 vessels as a basis for their calculations operating under their flag (Interwies & Khuchua 2017).
Ballast water exchange has been proven to be very effective at reducing the risk from the introduction of non-native species via this vector. For example, the Great Lakes in North America have seen a considerable decrease in the number of species introduced by ballast since the introduction of ballast water management in 2006. There does appear to be some questions over the effectiveness of ballast water treatment systems, for example how effective they are under different salinity and temperature regimes. 

	High

	
	Hull-fouling control: Treatment of vessel hulls with substances which make settlement and attachment of P.viridis difficult, resulting in a reduction of risk of transfer by this vector.
	Hull fouling is controlled via anti-fouling paints and cleaning practices both in the commercial and recreational sectors. Paints however have limited service life and require re-application at regular intervals (Rajagopal et al 2006). The majority of hull fouling paints are copper based. P.viridis has been shown to be susceptible to copper toxicity (Chan 1988). If anti-fouling paints are not maintained, then the risk of transfer by this vector is increased. In contrast to ballast water, there are currently no specific conventions or legally binding international frameworks to control biofouling. In 2011, the IMO adopted Resolution MEPC.207(62) outlining the Guidelines for the Control and Management of Ships’ Biofouling to Minimize the Transfer of Invasive Aquatic Species. The Guidelines are supplemented by the Guidance for minimizing the transfer of invasive aquatic species as biofouling (hull fouling) for recreational craft circulated as MEPC.1/ Circ.792. While in some cases these guidelines will be followed and the risk from well-maintained vessels will be relatively low, those operators that do not follow the guidelines will present a much higher risk.
Alcohol extracts from gorgonian corals have shown some promise as a potential antifouling substance, inhibiting growth of bysal threads in P.viridis and inhibiting settlement (Wilsand et al 1999). However P.viridis is far more tolerant of naturally occurring antifoulants than other fouling species, suggesting use of these substances may provide a competitive advantage to P.viridis if used.
The physical removal of hull-fouling has been suggested as a means of control invasive species (Frey et al 2014). In water cleaning runs the risk of leading to the release or dispersal of viable non-native species facilitating introduction, while also potentially damaging anti-fouling paints limiting effectiveness.
No specific costs could be found for the application of anti-fouling systems within the UK, but as anti-fouling is a common practice, then technically speaking no additional costs would be incurred in relation to this species.

	High

	
	Deliberate introductions control: Prevention of intentional introduction into the wild for commercial harvesting.
	Current EU legislation in the form of the Alien Species in Aquaculture Regulations (708/2007) prevents the deliberate introduction of non-native species for aquaculture, unless potential risks are mitigated within Member States. To establish an aquaculture site within the EU for P. viridis the organism would need to be risk assessed under 708/2007. While the legislation presents a robust road-block to the potential introduction of the species, any legislation is only as good as its enforcement. Maintaining high levels of enforcement in relation to these regulations is therefore essential. As this legislation is already implemented there would be no additional costs associated specifically with this species.

	High

	Early detection and rapid response
	Early detection: national monitoring programmes and novel detection methods to facilitate rapid response processes. 


	While there are several legislative requirements for monitoring of biodiversity in the marine environment (e.g. Water Framework Directive, Habitats Directive), the Marine Strategy Framework Directive is the only one that explicitly requires the monitoring of marine non-native species. At this point in time monitoring effort and methods vary considerably between Member States, and therefore their ability to detect new introduction. However, co-ordination of monitoring through the Regional Seas Conventions (e.g. HELCOM and OSPAR) is helping to increase the regional effectiveness of monitoring. The European Union Regulation (No 1143/2014) on the prevention and management of the introduction and spread of invasive alien species (IAS) requires early detection of new introductions of listed species, but currently there is only one marine species listed (Eriocheir sinensis).
In addition to statutory monitoring efforts effective engagement with those undertaking mariculture and fishing activities, in addition to researchers working in or in close proximity to sites of potential introduction could provide value in establishing an effective early warning system. Such activities would have an initially high financial cost, but systems such as those deployed in Great Britain (GBNNSIP Alert System) might ultimately provide part of an effective monitoring system. Difficulties with identifying P.viridis (see Micklem et al 2016) - in particular similarities to native species - mean that monitoring by trained individuals might be necessary and effective identification materials in multiple languages would be required in order to effectively prepare any would-be participants.
Novel methods of detection such as the use of eDNA are starting to be developed for a range of non-native species (Bean et al 2017). While such methods are currently in development, these could aid considerably in the detection of new introductions.
As these processes are already in place there would be no additional costs associated specifically with this species.

	High

	
	Rapid response processes: early response to newly detected introductions.
	The European Union Regulation (No 1143/2014) on the prevention and management of the introduction and spread of invasive alien species (IAS) entered into force in 2015. A key instrument of the Regulation is the List of IAS of Union concern, known as 'the Union list'. Species that are included in this list are subject to a number of measures including prevention, early detection and rapid eradication of new invasions. An Early Warning and Rapid Response System (EWRRS) has been designed by the European Alien Species Information Network (EASIN) and is now under development, to support the new European Regulation on the prevention and management of the introduction and spread of invasive alien species (IAS). Although this process very much focuses on listed species, non-listed species such as P. viridis would still fall under the requirements of Member States to respond to new introductions.
Rapid responses process would need to be established specifically for this species (or similar species). As this would involve potentially maintaining capacity to respond to new introductions it is very difficult to determine the costs associated with this single species alone. 
Understanding the points of introduction can help to focus resources for both monitoring and rapid response. Processes have been developed to assess hot spots of introduction (Tidbury et al 2016) and establishment (Heersink et al 2004). The application of these methods would greatly enhance predictive capabilities of responses.

	High

	Eradication and control methods. 

	draining/air exposure
	P.viridis is intolerant to desiccation (McFarland et al 2014). Draining down of suitable locations, could aid in controlling the species, removing it from certain locations, such as power plants, raw water systems, reservoirs, locked marinas and impoundments. Likewise, the drying of bio-fouled equipment (e.g. pontoons), would also aid in removing the species from specific locations. Similar processes could be used for smaller equipment, which may facilitate the transfer of the organism. This process may prove an effective and low-cost method for reducing the potential of spread by equipment used in marine based activities. Specific costs will vary depending on the type of equipment and the demand on it use (to allow time for it to dry).

	High

	
	flushing with freshwater and/or hot water
	P. viridis can survive prolonged exposure to freshwater/decreases in salinity (Rajagopal et al 2006). The application of this method would also be limited to enclosed systems where incursion from sea water can be prevented. To achieve eradication using this method the infested area would need to be exposed to freshwater water for a month or more. This process, due to the time of exposure required would not be a suitable bio-security measure. While this could present a cost effective and easily applied control method this is circumstantial.
The Australian governments Marine Pest Plan presents evidence demonstrating that P. viridis is resilient to increased water temperatures, with 100% mortality occurring after 30 minutes exposure at 60̊°C. Although difficult to apply to large items of equipment or whole water systems, this method could be applied to smaller equipment as a bio-security measure, if the item being treated is not damaged by the treatment process.
Estimating costs for these treatments, given their circumstantial application is impossible.

	

	
	Chemical treatments
	Chlorination of cooling pipes is a widely used method for controlling fouling. P.viridis can be controlled using this method, however Concentrations and duration of chlorine introduction would likely be higher than required for other species and might represent additional cost.  study in an Indian power station, in which P. viridis made up 87% of the fouling organisms, showed that continuous high-level chlorination was necessary to effectively control mussels in the cooling pipes, at high economic cost (Rajagopal et al. 1996).
P.viridis is more tolerant of higher chlorination levels than many fouling species found in the area (Rajangopal et al 2006), however treatment at high levels over prolonged period may be effective.  
Low concentrations of chlorinated water released continuously from power station has been used as a means of preventing settlement as it deters settlement (Rajangopal et al 2006). The use of chlorine also comes with considerable health risks to the user, this limits greatly the application of this method.
Treatment with chemicals may prove effective and cost-effective method of managing populations in confined spaces (e.g. in power station cooling pipes) however in open water conditions, efficacy of chemical treatment may be limited.

	High

	
	Physical Removal
	In 2001 individuals were intercepted in Cairns, Australia and removed by hand. Following this initial removal, an intensive eradication and monitoring process identified and destroyed a number of established individuals nearby (Heersink et al 2014, Baker et al 2007). Since this time, whilst a number of other introductions have occurred, interception and removal are likely one reason that P.viridis has not yet become established in the region. 
Such monitoring, interception and removal programmes are likely to be costly and would need to be ongoing. In the marine environment such methods may not be able to provide 100% coverage and effectiveness. However, evidence from Australia suggests that if carefully undertaken and effectively targeted, it might be an effective method. Mechanical and indiscriminate removal using dredge and other techniques used in commercial shellfish harvesting may prove more cost effective than targeted removal, however impacts on natural habitat and species may be significant and long lasting. Methods deployed to harvest and relay mussel seed from the wild might reduce numbers but given the heterogonous nature of the seabed in the area at risk of invasion, is unlikely to remove 100% of mussels and as such, would not be likely to eradicate the species effectively. 
Although interception and removal has been suggested as an eradication method, once established, eradication would be almost impossible. This approach would therefore be more appropriate as a population management method. 
Similar interceptions have been effective in Australia (Baker et al 2007), however, it is not clear how other variables (predation, environmental conditions etc) might have influenced the ability of P.viridis to become established. The authors were unable to find examples of similar schemes successfully eradicating or even controlling invasive fouling organisms similar to P.viridis in the marine environment in the risk assessment area or similar environments.
Although physical removal programmes are unlikely to result in eradication, unless targeting newly established populations, and are likely to be costly; their potential application as a control method should be considered. 
	Medium
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