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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
The main pathways of introduction and spread of Hemigrapsus sanguineus are ship-related (i.e. ballast water and hull fouling) and bivalve transfers. The risk of further introductions and spread through ballast waters will be greatly reduced once the Ballast Water Management Convention is fully implemented (presumably by 2024), as compliance with the IMO D2 standard can decrease larval concentrations to undetectable levels. Hull fouling is less strictly regulated and is applied on a voluntary basis; dry docking at appropriate intervals can be effective but is costly, while emerging in-water cleaning technologies with capture and treatment of the fouling debris that can provide more cost-effective alternatives should be carefully applied in order to avoid the risk of releasing propagules and biocides in the environment. Shellfish imports from countries outside the EU are strictly managed and very limited in the past decade or two. This pathway, however, is still very relevant for spread within the EU, unless national/regional regulations provide a stricter regulatory framework than Council Regulation (EC) No 708/2007 concerning use of alien and locally absent species in aquaculture, especially with respect to the oyster Crassostrea gigas transfers. Restrictions on transfers based on the risk associated with the source areas is an effective management method, as long as extensive and up-to-date data on the distribution of the high-risk non-indigenous species (NIS) are available and risks are communicated to shellfish growers.

Early detection
Surveillance for early detection will partly rely on professional monitoring, targeting marine alien species in general, or H. sanguineus specifically, in introduction hotspots (i.e. ports, marinas, aquaculture areas). Existing monitoring schemes for the implementation of the Marine Strategy Framework Directive are likely to be a useful source of sightings. Efforts can be greatly aided by the participation of citizen scientists and stakeholders, such as shellfish farmers. Either of these approaches will have a limited effectiveness in detecting early post-settlement stages.
Environmental DNA (eDNA) methodologies can offer more effective, as well as cost-efficient, alternatives in the future for the early detection of both pelagic (larvae) and benthic life stages.

Rapid eradication
There is a general consensus among scientists that eradication of small, cryptic and mobile species in the marine environment is highly unlikely to succeed. This is true for H. sanguineus, for which rapid eradication would have to involve a variety of physical removal methods covering all possible habitats, i.e. collection by hand on shore and subtidally by SCUBA divers and trapping with artificial habitat collectors. Due to the species’ small size, cryptic behaviour under boulders, algal fronds and in crevices, and its breadth of habitat, complete detection and eradication by visual searches and manual removal is considered very difficult and represents an enormous investment in search effort, while trapping efficiency is also unlikely to ensure complete removal.

Management
The indicated method for population control of this species is physical removal by manual collection and artificial habitat collectors. Even though eradication is not considered feasible with such an approach, manual removals on the intertidal and the subtidal, even though labour intensive, could be effective in removing large numbers of, at least, the larger sized individuals, while habitat collectors have been successful in collecting small and cryptic crab species, and the same operational principals would apply here. However, it is largely unknown to what extent physical removal by manual collection and with traps would ensure that individuals removed are sufficient to cause a substantial decline in population growth and size.

Population control with biological agents has been suggested in the past for other crab species (namely Carcinus maenas) and could theoretically be effective for H. sanguineus, by employing castrating rhizocephalan parasites that cause the degeneration of the gonads. Such approaches have not been attempted outside the laboratory and it is unknown to what extent infection success could be achieved in the field. Additionally, extensive studies would need to be conducted to explore the host-specificity of these parasites and ensure the safety of native fauna. Potential benefits of biological control should be assessed in relation to potential non-target effects to native species.

As a side note, in shellfish culture systems, a large suite of measures is available to the industry to reduce losses by crab predation, including predator exclusion techniques, manipulating shore height, planting time, density, substrate and seed size, among others. None of these methods have been tested with H. sanguineus, such that experimental trials to find the optimal strategy based on cultivation method and species would be required, but a reasonable measure of success is expected.





	Prevention of intentional introductions and spread – measures for preventing the species being introduced intentionally. This table is repeated for each of the prevention measures identified. 

	Measure description
Provide a description of the measure, and identify its objective

	There are no intentional pathways of introduction for Hemigrapsus sanguineus. All introductions are considered accidental.


	Effectiveness of the measure
Is it effective in relation to its objective? Has the measure previously worked, failed?

Please select one of the categories of effectiveness (with an ‘X’), and provide a rationale, with supporting evidence and examples if possible.
		Effectiveness of measures
	Effective
	
	Neutral 
	
	Ineffective
	
	Unknown
	



Rationale:


	Side effects (incl. potential) – both positive and negative
i.e. positive or negative side effects of the measure on public health, environment including non-targeted species, etc.

For each of the side effect types please select one of the impact categories (with an ‘X’), and provide a rationale, with supporting evidence and examples if possible.
		Environmental effects
	Positive
	
	Neutral or mixed
	
	Negative
	

	Social effects
	Positive
	
	Neutral or mixed
	
	Negative
	

	Economic effects
	Positive
	
	Neutral or mixed
	
	Negative
	



Rationale:


	Acceptability to stakeholders
e.g. impacted economic activities, animal welfare considerations, public perception, etc.

Please select one of the categories of acceptability (with an ‘X’), and provide a rationale, with supporting evidence and examples if possible.
		Acceptability to stakeholders
	Acceptable
	
	Neutral or mixed
	
	Unacceptable
	



Rationale:


	Additional cost information 1
When not already included above, or in the species Risk Assessment. 

- the cost of inaction
- the cost-effectiveness
- the socio-economic aspects

Include quantitative &/or qualitative data, and case studies (incl. from countries outside the EU).
	

	Level of confidence on the information provided 2

Please select one of the confidence categories along with a statement to support the category chosen. See Notes section at the bottom of this document.
NOTE – this is not related to the effectiveness of the measure
		Inconclusive
	
	Unresolved
	
	Established but incomplete
	
	Well established
	



Rationale:





	Prevention of un-intentional introductions and spread – measures for preventing the species being introduced un-intentionally (cf. Article 13 of the IAS Regulation). This table is repeated for each of the prevention measures identified.

	[bookmark: _Hlk20740590][bookmark: _Hlk21256012]Measure description
Provide a description of the measure, and identify its objective

	Implementation of the Ballast Water Management Convention (BWMC) 

The species can be introduced into new areas transported in ballast waters. The Ballast Water Management Convention (BWMC) (IMO, 2004) entered into force in September 2017 and requires ships in international traffic to apply ballast water management measures, such as ballast water exchange (D1 standard for an interim period until D2 is fully implemented) and fulfil a certain discharge standard (D2 standard according to the ship specific application schedule). The latter generally requires the installation of a certified ballast water treatment device, which enables sterilisation to avoid transfer of ballast water mediated species.

The D1 standard on Ballast Water Exchange (BWE) is currently practiced and requires ships to exchange a minimum of 95% ballast water volume whenever possible at least 200 nautical miles (nm) from the nearest land and in water depths of at least 200 metres. When this is not possible, the BWE shall be conducted at least 50 nm from the nearest land and in waters at least 200 metres in depth (BWMC Guideline 6).

The D2 standard requires that ships shall discharge (in relation to mesozooplankton organisms such as H. sanguineus larvae): less than 10 viable organisms per cubic metre greater than or equal to 50 micrometres in minimum dimension. This means almost 100% mortality (from many thousands of individuals commonly present per m3 of ballast water to <10). This can be achieved through mechanical (filtration, separation), physical (heat treatment, ozone, UV light, deoxygenation treatment) and chemical methods (biocides) and their combinations. Full implementation of D2 is expected by September 2024, when the risk of further introductions and spread of this (and other invasive) species through ballast waters is expected to be greatly reduced.

This measure can also be used to prevent secondary spread of the species from areas where it is already established. 


	Scale of application
At what scale is the measure applied? What is the largest scale at which it has been successfully used? Please provide examples, with areas (km2 or ha) if possible.

	The measure is applied at a global scale. In the EU, measures to comply with the BWMC (planning, monitoring, enforcement and capacity-building) should be applied at a national level, and ultimately at EU level.

	Effectiveness of  the measure
Is it effective in relation to its objective? Has the measure previously worked, failed?

Please select one of the categories of effectiveness (with an ‘X’), and provide a rationale, with supporting evidence and examples if possible.
		Effectiveness of measures
	Effective
	x
	Neutral 
	
	Ineffective
	
	Unknown
	



Rationale: 
This measure is considered as ‘effective’, referring to the effectiveness of the D2 standard, once fully implemented in 2024. 

Although the current D1 standard (BWE) can reduce the concentration of alien organisms in ballasts discharged in coastal waters by 80–95% (Ruiz & Reid, 2007), its application has severe limitations. This is primarily dependant on shipping patterns of a port (e.g., shipping routes, length of voyages) and local specifics i.e., distance from nearest shore and water depth (David et al., 2007), particularly between EU Seas, where these conditions are often not met. In addition, organisms may still remain in the volume of ballast not exchanged, or BWE may not be possible due to weather conditions or other safety restrictions.

For the application of the D2 standard, efficiencies of various technologies utilised for ballast water treatment are reviewed in Tsolaki and Diamadopoulos (2010) and can vary with treatment method, but the application of many combined methods (e.g., Filtration+UV or Hydroclone+chemical disinfectant) can decrease live zooplankton to undetectable levels, diminishing propagule pressure. However, operational problems of the currently installed Ballast Water Management Systems have been reported, presumably due to poor installation and inadequate testing in the field[footnoteRef:1]. [1:  https://www.seatrade-maritime.com/news/asia/operating-problems-with-60-80-of-ballast-water-treatment-systems-intertanko/] 



	Effort required
e.g. period of time over which measure need to be applied to have results
	The measure will need to be maintained indefinitely.

	Resources required 1
e.g. cost, staff, equipment etc.
	The implementation of the BWMC is a major undertaking involving ship-owners and constructors, technical and legal experts, port authorities and scientific personnel. 

Costs related to Ballast Water Management and the implementation of the D2 Standard are not specific to H. sanguineus, but refer to all marine NIS that could be introduced through ballast water. The cost of installing Ballast Water Management Systems will be borne by the shipping companies. Installation costs can vary from €140K-€1.675m per ship (figure reported in DEFRA (2012), after consultation with the UK Marine Coastguard Agency).
Significant costs can also be associated with needed measures to ensure compliance with the Ballast Water Management Convention, related to planning, monitoring, enforcement and capacity-building. As an example, in Croatia, a cost of approximately €1.26 million will be incurred by the state for institutional capacity building and in fulfilment of its flag state and port state obligations (Interwies & Khuchua, 2017). This is broken down into €470k for flag state obligations (with 150 registered ships in 2015) and €482k for port state obligations (with 6 major ports). The remaining €308k are the preparatory phase costs. In the Bahamas, the costs of enacting the BWM Convention were estimated at approximately US$1.7 million in one-time costs and US$110k in ongoing annual costs, while recurring annual costs in Jamaica were calculated at US$149k. These are, of course, approximate estimates and will vary among Member States, depending mainly on number of ports and level of implementation. 
Compliance costs will need to be incurred anyway to enable trade with other countries.


	Side effects (incl. potential) – both positive and negative
i.e. positive or negative side effects of the measure on public health, environment including non-targeted species, etc.

For each of the side effect types please select one of the impact categories (with an ‘X’), and provide a rationale, with supporting evidence and examples if possible.
		Environmental effects
	Positive
	
	Neutral or mixed
	x
	Negative
	

	Social effects
	Positive
	
	Neutral or mixed
	x
	Negative
	

	Economic effects
	Positive
	
	Neutral or mixed
	x
	Negative
	



Rationale:
Ballast water management is a measure designed against all invasive alien species (IAS) potentially transferred via this pathway, thus its implementation has a strong positive environmental effect in preventing the introduction of other invasive species, apart from H. sanguineus. Nevertheless, the practices employed can also have negative environmental impacts.

Compliance with the biological standard of the Convention is most effectively realised through application of chemical oxidants. These methods favour the formation of potentially toxic disinfection by-products, most notably halogenated compounds, which pose a serious risk to human health and aquatic biota (Werschkun et al., 2014). People at risk are mostly ship crew and port state inspectors, but the general public may also be in danger by long-term exposure (IMO, 2012), for which little is known. Sub-lethal effects to marine organisms that are repeatedly exposed to harmful substances are also poorly studied.

On the other hand, this measure can also have positive effects on public health, through the prevention of spread of pathogenic micro-organisms, such as Vibrio cholerae and harmful algal blooms.


	Acceptability to stakeholders
e.g. impacted economic activities, animal welfare considerations, public perception, etc.

Please select one of the categories of acceptability (with an ‘X’), and provide a rationale, with supporting evidence and examples if possible.
		Acceptability to stakeholders
	Acceptable
	
	Neutral or mixed
	x
	Unacceptable
	



Rationale: 
The BWMC has been ratified by 81 states, representing 80.76% of world merchant shipping tonnage (IMO Status of Treaties[footnoteRef:2].  [2:  http://www.imo.org/en/About/Conventions/StatusOfConventions/Documents/Status%20-%202019.pdf] 

However, ship owners and shipping companies can be negative and resist to the full implementation of this measure due to the high costs of D2 systems, and also risks related to the implementation of the BWMC (e.g. safety issues when applying D1, or health issues for ship crew). The use of chemicals to treat ballast waters may not be well-accepted by environmentalists and the general public.


	Additional cost information 1
When not already included above, or in the species Risk Assessment. 
- implementation cost for Member States
- the cost of inaction
- the cost-effectiveness
- the socio-economic aspects

Include quantitative &/or qualitative data, and case studies (incl. from countries outside the EU).
	Implementation cost for Member States: Port Baseline Surveys will be necessary to set the baseline for future monitoring of effectiveness. Such costs will vary by State and number of ports to be monitored; indicative estimates from Ghana are ≈ $100K (Interwies & Khuchua, 2017) and from Australia AUD $175K - $355K (Hayes et al., 2019).
In some cases, particularly for short shipping routes within and between EU Seas, regulations A4 and A3 of the BMWC enable the granting of exemptions from the requirement for BWM (provisions made in the BWMC for regular routes and other cases – Olenin et al., 2016). Such requests must fulfil certain criteria and require a risk assessment, according to BWMC guidelines (Stuer-Lauridsen et al., 2018).

The cost of inaction: A number of countries have concluded that the economic value of the resources at risk, even if these resources are only moderately impacted, far exceeds the costs of implementation of the BWMC (Interwies & Khuchua, 2017). These valuations refer to the potential economic costs caused by all aquatic NIS. With respect to H. sanguineus in particular, even though monetary values could not be found on the issue, it was estimated in the Risk Assessment (Galanidi & Zenetos, 2017) that significant economic impacts may be expected for the shellfish culture industry if abundant populations of the species develop and continue to spread, especially around UK waters, where the species is currently recorded as casual and substantial bivalve resources are at risk. Moreover, the species has the potential to cause major environmental impacts on rocky intertidal communities through both competition and predation. This is an already widespread species in Atlantic Europe, but it is possible that additional introduction events from different source areas may lead to the establishment of the species in warmer EU marine regions, where salinity requirements are met (i.e. Black Sea, limited parts of the Mediterranean – see Galanidi & Zenetos, 2017 for details).

Cost-effectiveness: Considering that prevention is always preferable and more cost-effective than post-border management, especially for long-term measures, ballast water management that deals with all ballast related NIS simultaneously, is one of the most cost-effective measures available.

Socio-economic aspects: Potential risks to marine organisms and human health associated with disinfection by-products will need to be better quantified through dedicated surveys and medium- to long-term monitoring.


	Level of confidence on the information provided 2

Please select one of the confidence categories along with a statement to support the category chosen. See Notes section at the bottom of this document.
NOTE – this is not related to the effectiveness of the measure
		Inconclusive
	
	Unresolved
	
	Established but incomplete
	x
	Well established
	



Rationale:
There is a considerable body of literature dealing with aspects of ballast water management, like the effectiveness of ballast water exchange and the efficiency of various physical and chemical methods at removing organisms from ballast water and achieving the concentration stipulated by the D2 standard. However, to date, treatment methods and related treatment systems have been tested in the laboratory and in land-based facilities; as the BWMC gradually comes into effect, new challenges at different stages of its implementation are emerging and will need to be addressed (e.g. potential operational issues of the treatment systems or long-term effects of chlorination by-products as mentioned above). 





	Prevention of un-intentional introductions and spread – measures for preventing the species being introduced un-intentionally (cf. Article 13 of the IAS Regulation). This table is repeated for each of the prevention measures identified.

	[bookmark: _Hlk21256110]Measure description
Provide a description of the measure, and identify its objective

	Measures to prevent introductions and spread through hull fouling (including in niche areas)

Hemigrapsus sanguineus can cling tightly to surfaces and tend to hide in narrow crevices such as among sessile organisms comprising the fouling communities on ships/boats hulls (Landschoff et al., 2013), and can thus be transported on ship hulls (Zenetos & Galanidi, 2017). In order to prevent introductions of this and other NIS through hull fouling, resolution MEPC.207(62) entitled  "2011 Guidelines for the Control and Management of Ships' Biofouling to Minimize the Transfer of Invasive Aquatic Species" for large vessels (IMO, 2011), complemented by resolution MEPC.1/Circ. 792 on "Guidance for Minimizing the Transfer of Invasive Aquatic Species as Biofouling (Hull fouling) for Recreational Craft" for recreational vessels < 24m (IMO, 2012), have been adopted. These documents include recommendations for the application of anti-fouling systems, with particular attention to niche areas, the removal of fouling at dry-docking and the safe disposal of the biofouling debris, in-water inspection and cleaning in a manner that will eliminate/minimise the release of viable NIS propagules and biocidal compounds of the anti-fouling coating, and other aspects of installation, maintenance and monitoring of a ship’s biofouling management plan.
The abovementioned guidelines, which could be very effective at preventing introductions of NIS are, however, voluntary and therefore less strictly regulated. Nevertheless, a small number of regional/national legally binding regulations regarding biofouling prevention and management have already entered into force, e.g. in Australia, New Zealand, parts of the USA and the Galapagos Marine Reserve (Zabin et al., 2018), which could be replicated in the EU.

This measure can also be used to prevent secondary spread of the species from areas where it is already established. 


	Scale of application
At what scale is the measure applied? What is the largest scale at which it has been successfully used? Please provide examples, with areas (km2 or ha) if possible.

	The measure should be applied to all vessels and at a global scale. Successful implementation of mandatory biofouling regulations has been taking place at the regional level, e.g. in sensitive/protected areas in Hawaii, the Galapagos islands, western and northern Australia and at the national level in New Zealand (Zabin et al., 2018; Hayes et al., 2019).

	Effectiveness of the measure
Is it effective in relation to its objective? Has the measure previously worked, failed?

Please select one of the categories of effectiveness (with an ‘X’), and provide a rationale, with supporting evidence and examples if possible.
		Effectiveness of measures
	Effective
	x
	Neutral 
	
	Ineffective
	
	Unknown
	



Rationale:
The rating of this measure as effective refers to the full implementation of antifouling guidelines – the suite of measures described above can prove effective, if made compulsory or/and with stricter enforcement (see text below for details).

The International Convention on the Control of Harmful Anti-fouling Systems on Ships (adoption: 5 October 2001; entry into force: 17 September 2008) prohibited the use of harmful organotins in anti-fouling paints used on ships, due to their impacts on marine life. Due to the ban of the most effective (i.e. most toxic) anti-fouling paintings, the present efficiency of the applied anti-fouling paintings has declined in comparison to the near past, raising concerns on a potential increase of new alien introductions via hull-fouling (Katsanevakis et al., 2013), unless the IMO’s guidelines for the control and management of ships' biofouling to minimize the transfer of invasive aquatic species are fully implemented.

The effectiveness of antifouling coatings that are currently used can vary considerably depending upon a number of factors, such as ship type and construction, ship speed and operating profile, intervals between dry-docking events and the residence time of the ship in port (IMO, 2011; Galil et al., 2019). There is evidence to suggest that anti-fouling coatings are efficient for up to 1-1.5 years – thereafter heavy fouling can start occurring (Sylvester et al., 2011; Frey et al., 2014). Since dry-docking frequency is determined by performance (fuel consumption below a certain threshold), it can range from 0.5-5 years (Bohn et al., 2016).

With respect to sea-chests in particular, which are considered high risk areas for the accumulation of biofouling, a variety of Marine Growth Protection Systems (MGPS) are available that involve the release of biocides, such as copper ions and sodium hypochlorite (Growcott et al., 2016); while such treatments have been shown to reduce the number of sessile and sedentary fouling organisms, they are less effective against mobile organisms which find shelter in these niche areas (e.g. Coutts & Dodgshun, 2007). Vessels with larger docking intervals (up to 5 years) increasingly choose intermediate cleaning of the hull with in-water technologies (Bohn et al., 2016). In-water cleaning of micro-fouling (i.e. slime layer) with little to no-abrasive methods was found to result in acceptable levels of biosecurity and chemical contamination risk (Morrissey et al., 2013; DOE/MPI, 2015).

Theoretically, as with ballast water management, removing biofouling material and ensuring fouling free vessel surfaces reduces propagule pressure and the associated risks of alien species translocations. Nevertheless, there does not appear to be any comprehensive analysis of the compliance levels or eﬃcacy of the Marine Environment Protection Committee (MEPC) 2011 biofouling guidelines in reducing alien species introductions/spread (Hayes et al., 2019). Some information is starting to emerge in New Zealand, indicating a considerable reduction in the arrival of high-risk vessels between 2015, when the Craft Risk Management Standard (the national regulatory instrument for managing biosecurity risks from biofouling) was voluntary, and after 2018, when the standard came into force (Hayes et al., 2019). 

Regarding recreational vessels, a measure of compliance with respect to anti-fouling guidelines at the national level (the Netherlands) is provided by Gittenberger et al. (2017), who found that although the majority (64%) of boat owners in the Netherlands haul their boats out of the water and clean them at least once a year, practices vary widely from harbour to harbour, with dry-docking/cleaning prevalence varying between 6% and 95%.
This level of implementation would allow for plenty of opportunities for organisms such as H. sanguineus to be transferred via hull fouling. However, these results cannot necessarily be extrapolated to other EU Member States.


	Effort required
e.g. period of time over which measure need to be applied to have results
	The measure will need to be maintained indefinitely and, more importantly, become a legislative requirement at the global level to effectively combat alien species translocations via hull fouling.  

	Resources required 1
e.g. cost, staff, equipment etc.
	The cost of implementation of this measure will be borne by the shipping companies or private vessel owners. Costs associated with hull fouling management measures are again not specific to H. sanguineus but refer to all marine NIS. Dry-docking, together with the application of anti-fouling coating, costs between $100-464K and may take 5–7 days with average opportunity costs per vessel per day of USD $8400 (cost estimates from Hayes et al., 2019).

Indicatively, typical in-water cleaning of a 180-200 m container vessel conducted by companies in the USA east coast would take approximately two days for an entire hull; the cost of application is in the range of €17-43k. Emerging In-Water Cleaning systems are currently available in only a few locations worldwide, and are more costly than traditional methods (Zabin et al., 2016). 

The cost to marina owners of establishing a biosecure treatment facility for the disposal of hull fouling material was estimated to be at least £45-50K in the UK (DEFRA, 2012).

It should be noted that hull fouling procedures are already undertaken, to a large extent, by ship/boat owners, as excessive fouling substantially increases fuel costs; however, a potential increased frequency of application, in order to comply with legislative requirements, may increase the total costs.


	Side effects (incl. potential) – both positive and negative
i.e. positive or negative side effects of the measure on public health, environment including non-targeted species, etc.

For each of the side effect types please select one of the impact categories (with an ‘X’), and provide a rationale, with supporting evidence and examples if possible.
		Environmental effects
	Positive
	
	Neutral or mixed
	x
	Negative
	

	Social effects
	Positive
	
	Neutral or mixed
	x
	Negative
	

	Economic effects
	Positive
	
	Neutral or mixed
	x
	Negative
	



Rationale:
The application of anti-fouling technologies increases fuel efficiency in vessels, resulting in lower fuel costs and lower greenhouse gas emissions (IMO, 2011). On the other hand, normal vessel operations may result in biocide entry into the environment through release from the paint to prevent attachment and growth of biofouling, sloughing of the slime layer containing accumulated copper (Morrisey et al., 2013), and mechanical damage of antifouling coating systems by anchor chains, tugs, and fenders (Anderson, 2004). Despite the ban of the most toxic antifouling paints with the implementation of the International Convention on the Control of Harmful Anti-fouling Systems on Ships, there are still impacts on marine life.

In-water cleaning of macro-fouling usually involves abrasive methods that can damage the anti-fouling coating and release biocides (e.g. copper) into the environment. Besides the chemical contamination problems, this can also reduce the effectiveness and shorten the life span of the coatings, resulting in increased levels of biofouling.
In-water cleaning of macro-fouling, without capturing the biofouling debris, represents a higher risk of introducing NIS since physical disturbance of the fouling communities may trigger the release of propagules or viable gametes (Hopkins & Forrest, 2008). Dislodged individuals are likely to settle on surrounding benthos and if surrounding habitat is suitable, may spread and become established. As such, in-water cleaning is currently banned, or tightly regulated, in many jurisdictions (Hayes et al., 2019), as not all systems can ensure acceptable biosecurity risks.
Recent advances in in-water cleaning technologies overcome this problem with systems that capture and/or render the debris non-viable via treatment with heat, UV radiation or biocides (Morrisey & Woods, 2015), although such systems sometimes fail to contain all of the removed debris (Scianni & Georgiades, 2019 and references therein).


	Acceptability to stakeholders
e.g. impacted economic activities, animal welfare considerations, public perception, etc.

Please select one of the categories of acceptability (with an ‘X’), and provide a rationale, with supporting evidence and examples if possible.
		Acceptability to stakeholders
	Acceptable
	
	Neutral or mixed
	x
	Unacceptable
	



Rationale:
Commercial ship-owners have a strong interest in having their vessels cleaned in order to decrease fuel consumption, and applying anti-fouling coatings is a common industry practice, as is dry-docking for regular maintenance and compliance with shipping regulations. 

Similarly, leisure craft owners, in their majority, also use anti-fouling paint on their boats, primarily motivated by practical considerations, such as the negative impact of fouling on the speed of the boat and the amount of time and effort needed to clean it (Gittenberger et al., 2017). When it comes to dry-docking however, the costs involved, as well as the limited availability of space for dry-docking in some recreational harbours may hamper boat owners from following this practice (Gittenberger et al., 2017).

IMO’s guidelines for the control and management of ships' biofouling will probably necessitate more frequent anti-fouling treatment than under current practises, and thus would induce extra costs for ship owners and shipping companies.


	Additional cost information 1
When not already included above, or in the species Risk Assessment. 
- implementation cost for Member States
- the cost of inaction
- the cost-effectiveness
- the socio-economic aspects

Include quantitative &/or qualitative data, and case studies (incl. from countries outside the EU).
	Implementation cost for Member States: Port Baseline Surveys as above (see the respective section for ‘Ballast Water Management’).

Cost of inaction: If abundant populations of the species develop and continue to spread, serious environmental and economic impacts may be expected, mostly in association with rocky intertidal communities and bivalve cultivation (see also the respective section for Ballast Water Management). 

Cost-effectiveness:  Hull fouling has been identified as the most common pathway of introduction of marine alien species in Europe (Katsanevakis et al., 2013). Prevention is always preferable and more cost-effective than post-border management, especially for long-term measures. Therefore, measures to prevent introductions through hull fouling, dealing with all hull-fouling-related NIS simultaneously, are considered as cost-effective.

Socio-economic aspects: To implement IMO’s guidelines for the control and management of ships' biofouling, potentially increased use of anti-fouling treatments will be needed by leisure craft owners, with an increase of associated costs; moreover, dry storage and cleaning on land of recreational boats may pose logistical constraints for boat owners.


	Level of confidence on the information provided 2

Please select one of the confidence categories along with a statement to support the category chosen. See Notes section at the bottom of this document.
NOTE – this is not related to the effectiveness of the measure
		Inconclusive
	
	Unresolved
	
	Established but incomplete
	x
	Well established
	



Rationale:
Due to anti-fouling measures being voluntary and generally applied with different motivations other than biosecurity, it is difficult to find concrete evidence on the effectiveness of biofouling management to prevent marine alien species introductions and spread (but see the recent New Zealand case study – Hayes et al., 2019). There is a wealth of studies documenting the degree of effectiveness of the different anti-fouling coatings or in-water cleaning systems but not enough is known about the degree of compliance with guidelines.





	Prevention of un-intentional introductions and spread – measures for preventing the species being introduced un-intentionally (cf. Article 13 of the IAS Regulation). This table is repeated for each of the prevention measures identified.

	Measure description
Provide a description of the measure, and identify its objective

	Measures to prevent introductions and translocations through shellfish transfers (EU/regional/national legislations, Codes of conduct, awareness raising among shellfish growers)

Council Regulation (EC) No 708/2007 concerning use of alien and locally absent species in aquaculture defines the procedures to be followed to minimise the risk of introducing non-target alien species accompanying commercial shellfish spat and stocks. According to the Regulation, all aquaculture operators who intend to introduce an alien species, or translocate a locally absent species, must first apply for a permit from the competent authority of the Member State where the transfer will take place. The Regulation specifies the information to be provided by the applicant and the type of assessment that the competent authority must perform before granting the permit. 
The bivalves Crassostrea gigas and Ruditapes philippinarum, listed in Annex IV of Council Regulation 708/2007, constitute an exception and can be moved without any risk assessment or quarantine; also the regulation does not apply to movements of locally absent species within the Member States “except for cases where, on the basis of scientific advice, there are grounds for foreseeing environmental threats due to the translocation, Art. 2 para. 2.” As oyster beds of C. gigas are a known habitat for H. sanguineus (see Galanidi & Zenetos, 2017), this constitutes a risk for introductions and spread of the species.

However, additional local, national or European (e.g. Natura2000 related) regulations may apply that limit the translocation possibilities of species like C. gigas and R. philippinarum throughout Europe. Shellfish transports to Dutch outer waters are, for example, only allowed with a permit that can be obtained when following a strict management and control system aimed at minimising the risk of introducing nuisance species (Gittenberger et al., 2017). Stricter regulations also apply in the trilateral Wadden Sea area, particularly in relation to Natura2000 sites, where conservation objectives may be threatened (WG-AS & Gittenberger, 2018), which could be implemented in various other areas of the EU. More effective controls by enforcement agencies and stronger sanctions in the case of biosecurity infractions can also help ensure compliance with regulations.

The ICES Code of Practice on the Introductions and Transfers of Marine Organisms (ICES, 2005) recommends the procedure to implement for introduced or transferred species which are part of current commercial practice. The procedure clearly states that:
a) all products should originate from sources in areas that meet current codes, such as the OIE International Aquatic Animal Health Code or equivalent EU directives.
b) if required, there should be inspection, disinfection, quarantine or destruction of the introduced organisms and transfer material (e.g., transport water, packing material, and containers) based on OIE or EU directives.
The use of this, and similar local/regional codes of conduct that are in place should be largely encouraged.

Raising awareness of the risks posed by H. sanguineus for the aquaculture industry should be done through the production of targeted publicity and identification material for shellfish producers, in order to motivate them to better control transferred bivalves.

Using hatchery-produced seed reduces the risk of introduction and spread of non-target alien species through stock/seed transfers, so this practice should be promoted.

This suite of measure can also be used to prevent secondary spread of the species from areas where it is already established. However, particular attention needs to be paid to bivalve transfers conducted within countries or between EU marine regions (e.g. Mediterranean to North-East Atlantic and vice versa), where plenty of opportunities for spread still exist, which is addressed in the Table below on the ‘Prevention of secondary spread of the species’. 


	Scale of application
At what scale is the measure applied? What is the largest scale at which it has been successfully used? Please provide examples, with areas (km2 or ha) if possible.

	Legislative instruments are adopted at the EU, regional and national scales.

The ICES Code of Practice is endorsed and promoted throughout EU waters but, in practical terms, practices are applied at the local level (i.e. shellfish farming areas).

Awareness campaigns are more commonly undertaken at the local/national scale, but coordinated campaigns are also possible through e.g. the European Mollusc Producers Association or other instruments available to shellfish growers. The use of hatchery-produced seed can be adopted by individual shellfish producers but is a practice also applicable at the national/regional level. For example, in France, hatcheries of the oyster C. gigas cover more than 30% of the national seed demand (Robert et al., 2013) but also supply oyster farms in other EU countries (Muehlbauer et al., 2014).


	Effectiveness of the measure
Is it effective in relation to its objective? Has the measure previously worked, failed?

Please select one of the categories of effectiveness (with an ‘X’), and provide a rationale, with supporting evidence and examples if possible.
		Effectiveness of measures
	Effective
	x
	Neutral 
	
	Ineffective
	
	Unknown
	



Rationale:
When properly implemented, this suite of measures can be effective in detecting and preventing introductions and spread of alien species. The trend in aquaculture-related new introductions of marine alien species has clearly decreased in the last two decades (Katsanevakis et al., 2013; Zenetos, 2019), presumably as a result of compulsory regulations as well as voluntary measures. No doubt this is also linked with the fact that bivalve imports from countries outside the EU in the same time period were very limited (Haydar & Wolff, 2011; Robert et al., 2013; Muehlbauer et al., 2014), but future increase of shellfish culture in non-EU countries will increase the risk of introductions and secondary spread in the EU via this pathway. Opportunities for spread, however still exist through transfers conducted within countries or between EU Member States/marine regions not covered by legislation, which is where adherence to codes of best practice acquires particular relevance.

There are, however, indications that best practice procedures are not always followed for shellfish movements throughout the EU, with illegal/unreported transfers occasionally taking place (e.g., Haydar & Wolff, 2011; Theodorou et al., 2011), which shows the importance of implementing awareness raising activities. 

With respect to visual inspections of aquaculture operations, Curtis et al. (2015) demonstrated that they can be largely ineffective for the detection of small crabs and juvenile stages, such that they may miss small/young H. sanguineus individuals, resulting in unintentional spread of the species.


	Effort required
e.g. period of time over which measure need to be applied to have results
	Regulatory frameworks through legislation, as well as codes of conduct, are applied indefinitely and constitute standard practice for the industry. Awareness campaigns may be undertaken periodically to secure a continuous high level of awareness among stakeholders. The use of hatchery produced seed may be adopted occasionally or indefinitely, depending on the species cultivated, on other potentially harmful organisms affecting wild seed/stocks and on cost considerations.

All efforts mentioned above refer not only to H. sanguineus, but to all species that could accidentally be introduced through shellfish transfers.


	Resources required 1
e.g. cost, staff, equipment etc.
	With respect to legislation, as it is already implemented there would be no additional costs associated specifically with H. sanguineus. For transfers conducted within countries or between EU States/marine regions not covered by legislation, the cost of sourcing, obtaining the necessary permission, and harvesting or transferring alternative bivalve (seed) populations, will vary with production and current/future harvesting location and practice and may be considerable for the producer. More careful inspections of consignments or harvested spat/seed for H. sanguineus, which is a relatively small and cryptic species, can incur additional costs.

Shellfish hatcheries enable the industry to produce seed consistently, but at a much higher cost, compared with fished seed and seed collected with ropes, in the case of mussels (Kamermans, 2008).

Costs will be associated with running awareness campaigns for H. sanguineus, although these can be directed at all alien species that can accidentally be introduced through shellfish transfers.


	Side effects (incl. potential) – both positive and negative
i.e. positive or negative side effects of the measure on public health, environment including non-targeted species, etc.

For each of the side effect types please select one of the impact categories (with an ‘X’), and provide a rationale, with supporting evidence and examples if possible.
		Environmental effects
	Positive
	x
	Neutral or mixed
	
	Negative
	

	Social effects
	Positive
	
	Neutral or mixed
	x
	Negative
	

	Economic effects
	Positive
	
	Neutral or mixed
	x
	Negative
	



Rationale:
Some of the aforementioned measures can increase production costs for shellfish growers in the form of sourcing and obtaining permission to harvest alternative populations, as well as additional working hours for inspections. However, the use of hatchery produced seed leads to a more regular and predictable production and ensures spat free from diseases.

Economic effects may also result in social impacts if some shellfish aquaculture enterprises stay out of business due to increased costs or unavailability of seed. On the other hand, awareness raising campaigns promote the overall increase of social knowledge on invasive species and the risks associated with them.

More careful inspections and additional restrictions on shellfish imports can have positive environmental side effects, such as helping to protect against other IAS accidentally transferred via this pathway. 


	Acceptability to stakeholders
e.g. impacted economic activities, animal welfare considerations, public perception, etc.

Please select one of the categories of acceptability (with an ‘X’), and provide a rationale, with supporting evidence and examples if possible.
		Acceptability to stakeholders
	Acceptable
	
	Neutral or mixed
	x
	Unacceptable
	



Rationale:
These are measures introduced primarily to protect shellfish producers and are highly acceptable by stakeholders, who on occasion take the initiative to produce and adhere to codes of conduct specific for their region, e.g. see the example of the Code of practice for mussel seed movements in Wales (Wilson & Smith, 2008). On the other hand, increased restrictions and higher costs might be perceived negatively by some shellfish producers.


	Additional cost information 1
When not already included above, or in the species Risk Assessment. 
- implementation cost for Member States
- the cost of inaction
- the cost-effectiveness
- the socio-economic aspects

Include quantitative &/or qualitative data, and case studies (incl. from countries outside the EU).
	Implementation cost for Member States: Non-compliance with regulations may be reduced with more effective policing/monitoring and stronger sanctions but would have a high associated cost.

Cost of inaction: Wild and cultivated populations of bivalves (particularly mussels and to some extent oysters) constitute prime habitats for H. sanguineus. Failure to implement preventative measures in the shellfish culture industry can result in the rapid and even more extensive spread of H. sanguineus in the EU, with potentially significant economic impacts for the industry if abundant populations establish and spread. This could be either due to the loss of yield through predation or to the application of costly long-term management measures. Provisional and regulating ecosystem services of wild and cultivated mussel beds can also be impacted (Galanidi & Zenetos, 2017).

Cost-effectiveness: For measures that are already in place (i.e. legislation and codes of best practice), cost-effectiveness is high. Considering the potential magnitude of bivalve losses to predation by H. sanguineus and the costs of long-term management (see relevant section below), all aforementioned measures that promote biosecurity of bivalve transfers are highly cost-effective, even more so as they protect against other IAS and harmful organisms potentially transferred via this pathway.


	Level of confidence on the information provided 2

Please select one of the confidence categories along with a statement to support the category chosen. See Notes section at the bottom of this document.
NOTE – this is not related to the effectiveness of the measure
		Inconclusive
	
	Unresolved
	
	Established but incomplete
	x
	Well established
	



Rationale:
These are well established and widely approved practices, some of them already translated into legislation with demonstrated effectiveness. Some uncertainty remains however in relation to the detectability of H. sanguineus individuals during routine inspections by industry standards and the degree of compliance with legislation and codes of conduct at the EU scale.



	Prevention of secondary spread of the species – measures for preventing the species spreading once they have been introduced (cf. Article 13 of the IAS Regulation). This table is repeated for each of the prevention measures identified.

	Measure description
Provide a description of the measure, and identify its objective

	Restrictions/prohibition of aquaculture-related movement of certain species from areas invaded by H. sanguineus 

As mentioned in the previous table, Council Regulation (EC) No 708/2007 concerning use of alien and locally absent species in aquaculture does not apply to certain exempted species (C. gigas and R. philippinarum) and to movements of locally absent species within the Member States “except for cases where, on the basis of scientific advice, there are grounds for foreseeing environmental threats due to the translocation, Art. 2 para. 2.”
 
However, the species exempted from the regulation can still play a role in the spread of H. sanguineus within EU waters. Oyster beds of C. gigas are a known habitat for H. sanguineus, as are natural mussel beds (Galanidi & Zenetos, 2017). Significant transfers between oyster production centres are hypothesised to have contributed to the spread of the congeneric H. takanoi along the Atlantic French coasts (Dauvin & Delhay, 2010). Even though reports of H. sanguineus present in, or preying on, R. philippinarum beds were not found in the literature, the Asian shore crab is known to predate other clam species (Bourdeau & O’Connor, 2003), such that R. philippinarum culture plots may also constitute habitat for H. sanguineus, albeit of lesser importance due to their infaunal nature. In France, spat of C. gigas is collected in the north-east Atlantic locations and then transferred to growing sites along the coasts of Brittany, Normandy and also along the Mediterranean. Moreover, common cultured bivalve species (primarily mussels) are naturally present throughout entire EU marine regions and are extensively transferred within and between EU States at all life stages (spat, seed, on-growing stage, consumption consignments) (Muehlbauer et al., 2014). 

National/regional legislation in certain areas (e.g. the trilateral Wadden Sea area - WG-AS & Gittenberger, 2018) is stringent and can prevent spread (as well as introduction) of invasive alien species (including H. sanguineus) with bivalve transfers, which could be implemented in various other areas of the EU. A more targeted, risk-based approach, implemented throughout the EU could also be effective in preventing secondary spread of the species. This could take the form of the prohibition of movement of C. gigas, R. philippinarum and locally absent species from EU areas already invaded by H. sanguineus. Alternatively, such movements would have to be subjected to quarantine measures, whereby only progeny of the transferred cultivated species may be used in subsequent culture operations of the receiving Member State/EU area, provided that no H. sanguineus propagules are found during quarantine inspections.


	Scale of application
At what scale is the measure applied? What is the largest scale at which it has been successfully used? Please provide examples, with areas (km2 or ha) if possible.

	The measures should be applied at the EU level (risk-based approach, associated with H. sanguineus presence) or the national level for legislation adopted by individual Member States.

	Effectiveness of the measure
Is it effective in relation to its objective? Has the measure previously worked, failed?

Please select one of the categories of effectiveness (with an ‘X’), and provide a rationale, with supporting evidence and examples if possible.
		Effectiveness of measures
	Effective
	x
	Neutral 
	
	Ineffective
	
	Unknown
	



Rationale:
The proposed additional restrictions, if properly implemented, would essentially increase the biosecurity of within EU bivalve transfers to a similar level as that introduced with Council Regulation (EC) No 708/2007 (the exempted species notwithstanding), which has already proven to be effective in reducing new introductions of aquaculture-related marine alien species into the EU (Katsanevakis et al., 2013; Zenetos, 2019).


	Effort required
e.g. period of time over which measure need to be applied to have results
	Regulatory frameworks through legislation are applied indefinitely and should constitute standard practice for the industry.

	Resources required 1
e.g. cost, staff, equipment etc.
	Legal and administrative staff to draft legislation, design its implementation and carry out enforcement. Quarantine facilities can incur significant costs. In addition, extensive and up-to-date data on the distribution of H. sanguineus needs to be obtained, maintained and regularly communicated to stakeholders and enforcement agencies.


	Side effects (incl. potential) – both positive and negative
i.e. positive or negative side effects of the measure on public health, environment including non-targeted species, etc.

For each of the side effect types please select one of the impact categories (with an ‘X’), and provide a rationale, with supporting evidence and examples if possible.
		Environmental effects
	Positive
	x
	Neutral or mixed
	
	Negative
	

	Social effects
	Positive
	
	Neutral or mixed
	
	Negative
	x

	Economic effects
	Positive
	
	Neutral or mixed
	x
	Negative
	



Rationale:
Some negative economic impacts may be expected both for the importing and the exporting parties. The cost of sourcing, obtaining the necessary permission, and harvesting or transferring alternative bivalve (seed) populations will vary with production and current/future harvesting location and practice, and may be considerable for the producer. At the same time, operators that harvest/collect seed in areas invaded by H. sanguineus and subsequently export it, will be faced with loss of revenue. On the other hand, additional restrictions on shellfish imports can help protect against other IAS being accidentally transferred via this pathway, potentially preventing negative economic and environmental impacts that may be associated with these species.

Economic effects may also result in social impacts if some shellfish aquaculture enterprises stay out of business due to increased costs, unavailability of seed or export bans. 


	Acceptability to stakeholders
e.g. impacted economic activities, animal welfare considerations, public perception, etc.

Please select one of the categories of acceptability (with an ‘X’), and provide a rationale, with supporting evidence and examples if possible.
		Acceptability to stakeholders
	Acceptable
	
	Neutral or mixed
	x
	Unacceptable
	



Rationale:
These are measures introduced primarily to protect shellfish producers and should be generally acceptable by stakeholders, who on occasion take the initiative to produce and adhere to codes of conduct specific for their region, e.g. see the example of the Code of practice for mussel seed movements (Wilson & Smith, 2008) in Wales. On the other hand, increased restrictions or possible quarantine measures are likely to incur higher costs, as well as some logistical constraints and might be perceived negatively by some shellfish producers. In any case, additional prohibitions will require some adjustments from the industry.


	Additional cost information 1
When not already included above, or in the species Risk Assessment. 
- implementation cost for Member States
- the cost of inaction
- the cost-effectiveness
- the socio-economic aspects

Include quantitative &/or qualitative data, and case studies (incl. from countries outside the EU).
	Implementation cost for Member States: Depending on the degree of enforcement/monitoring, additional costs may be incurred to Member States.

Cost of inaction: Wild and cultivated populations of bivalves (particularly mussels and oysters) constitute prime habitats for H. sanguineus. Failure to implement preventative measures in the shellfish culture industry can result in additional spread within the EU, with potentially significant economic impacts for the industry if abundant populations develop, either through the loss of yield through predation or through the application of long-term management measures (see also Galanidi & Zenetos, 2017).

Cost-effectiveness: Considering the potential magnitude of bivalve losses to predation by H. sanguineus and the costs of long-term management (see relevant section below), all aforementioned measures that promote biosecurity of bivalve transfers are highly cost-effective, even more so as they protect against other IAS and harmful organisms potentially transferred via this pathway.


	Level of confidence on the information provided 2

Please select one of the confidence categories along with a statement to support the category chosen. See Notes section at the bottom of this document.
NOTE – this is not related to the effectiveness of the measure
		Inconclusive
	
	Unresolved
	
	Established but incomplete
	x
	Well established
	



Rationale:
Restrictions of bivalve transfers based on the risk associated with the source area is a common practice for the shellfish culture industry with demonstrated effectiveness. Some uncertainty remains however in relation to the degree of compliance with existing and proposed additional legislation at the EU scale.





	Surveillance measures to support early detection - Measures to run an effective surveillance system for achieving an early detection of a new occurrence (cf. Article 16). This section assumes that the species is not currently present in a Member State, or part of a Member State’s territory. This table is repeated for each of the early detection measures identified.

	[bookmark: _Hlk21010295]Measure description
Provide a description of the measure, and identify its objective
	Professional monitoring (through national or project-based schemes)	

In order to reach Good Environmental Status targets with reference to Descriptor D2 (Non-indigenous species) of the Marine Strategy Framework Directive (MSFD), most EU States are already designing or implementing national/regional NIS-targeted monitoring programs (see ICES (2017) for national reports in France, Germany, Sweden, Denmark, Norway; see Minchin (2014) for Ireland). Additionally, monitoring activities in the marine environment for other purposes can contribute to the detection of NIS (e.g. in the case of H. sanguineus, sampling of intertidal hard habitats and man-made structures to inform biodiversity indices). Surveillance monitoring for compliance e.g. with ballast water management regulations can also be included in this suite of measures.

Shore surveys for H. sanguineus usually involve transects with quadrat sampling and overturning boulders or algal canopy (e.g. Delaney et al., 2008; Gothland et al., 2013; Jungblut et al., 2017). Larval or early life stages which are not detected with shore surveys can be sampled with unbaited traps and artificial habitat collectors, which have proven successful for small, cryptic crabs with a versatile diet (e.g. Delaney & Leung, 2010; Fowler et al., 2013; Hewitt & McDonald, 2013), or with settlement panels, as proposed by Andersen et al. (2014) and Gittenberger et al. (2017). 
The use of molecular tools and DNA barcoding of zooplankton samples may represent a further early detection approach that could be extended to ballast water monitoring (Zaiko et al., 2015). Environmental DNA (eDNA) methodologies are currently being actively explored by a number of EU States (Andersen et al., 2016; ICES, 2017) as tools for the detection of NIS in introduction hotspot water samples and ballast water, and can greatly aid in early detection, even of larval stages (Darling et al., 2017).


	Scale of application
At what scale is the measure applied? What is the largest scale at which it has been successfully used? Please provide examples, with areas (km2 or ha) if possible.

	Monitoring schemes for purposes of compliance with MSFD requirements are carried out at the national scale; other monitoring activities (e.g. eDNA samples in ports or close to shellfish aquaculture facilities) can take place at more local scales, at high risk areas.

	Effectiveness of the measure
Is it effective in relation to its objective? Has the measure previously worked, failed?

Please select one of the categories of effectiveness (with an ‘X’), and provide a rationale, with supporting evidence and examples if possible.
		Effectiveness of measures
	Effective
	
	Neutral 
	x
	Ineffective
	
	Unknown
	



Rationale:
Monitoring programmes with conventional methods (i.e. shore surveys, as well as traps) require a substantial amount of effort for the detection of rare species with a high probability (Delaney & Leung, 2010; Hoffman et al., 2011); moreover, monitoring not specifically targeting NIS is not carried out frequently enough for early detection. Hence, it is recommended that marine NIS monitoring should focus on introduction hotspots (e.g. ports, marinas, aquaculture plots) and specific natural hotspots (e.g. oyster reefs, wild mussel beds) on a yearly basis (ICES, 2017), which are also the preferred habitats of H. sanguineus (Galanidi & Zenetos, 2017). 

Rapid Assessment Surveys (RAS), complemented by settlement panels, are recommended by HELCOM (2013) for monitoring and early detection of marine NIS, and have been found by Gittenberger et al. (2010) to produce good results for H. sanguineus. The species was also found on settlement panels in the Dutch Wadden Sea by Gittenberger et al. (2017). However, these sightings of H. sanguineus refer to already established populations. Habitat collectors were found to be the most efficient (compared to baited traps and fouling plates) in collecting mobile NIS in the Baltic Sea (Outinen et al., 2019) but, again, this result refers to already established species.

Surveillance monitoring for compliance with ballast water management regulations (and anti-fouling regulations as they emerge) is likely to be the most promising option for early detection of H. sanguineus in introduction hotspots, including ballast water tanks, although protocols are yet to be established for such procedures. eDNA methods, both for species targeted (with species-specific sequences), as well as for broad spectrum (metabarcoding-based methods) monitoring are continuously being developed (Darling et al., 2017) and have already produced promising results for a number of invasive species detected in port water samples (Borrell et al., 2017) and ballast water samples (Egan et al., 2015). DNA primers for use in biodiversity monitoring have already been produced for congeneric species (Komai et al., 2019).


	Effort required
e.g. period of time over which measure need to be applied to have results
	Monitoring efforts need to be (and are) sustained in the long-term in order to detect new incursions as the species gradually spreads through the EU.

	Resources required 1
e.g. cost, staff, equipment etc.
	With regards to the cost of monitoring, an indicative estimate comes from Denmark, where the cost of a proposed hotspot monitoring program for all marine NIS (covering 13 ports and three areas with discharges of cooling water) was estimated at approximately €125k for the period 2015-2017 (Andersen et al., 2014). In the UK, a broad initial estimate of monitoring costs for MSFD D2 alone (considering that existing or new surveys for other descriptors will also contribute to the monitoring of NIS) suggests that they would be less than €961k over 10 years (DEFRA, 2012), with an additional €100k for drafting legislation and guidance. 

The costs of eDNA methodologies can vary considerably depending on the approach employed (e.g. Borrell et al., 2017) but generally nucleic acids-based tools are more cost-efficient compared to traditional sampling and morphological identification approaches (Darling & Frederick, 2018), provided that the necessary infrastructure is already available.

These are general monitoring costs and not specific to H. sanguineus.


	Side effects (incl. potential) – both positive and negative
i.e. positive or negative side effects of the measure on public health, environment including non-targeted species, etc.

For each of the side effect types please select one of the impact categories (with an ‘X’), and provide a rationale, with supporting evidence and examples if possible.
		Environmental effects
	Positive
	
	Neutral or mixed
	x
	Negative
	

	Social effects
	Positive
	
	Neutral or mixed
	x
	Negative
	

	Economic effects
	Positive
	
	Neutral or mixed
	x
	Negative
	



Rationale:
Monitoring campaigns that are aimed specifically at H. sanguineus can result in the early detection of other potentially invasive alien species. For example, Spilmont et al. (2018) detected the alien species Ptilohyale littoralis and Boccardia proboscidea during monitoring surveys of the colonisation of the Opal Coast, northern France, by H. sanguineus. On the other hand, overturning all boulders in an extensive area for hand-collecting the species can have severe impacts on native fauna.


	Acceptability to stakeholders
e.g. impacted economic activities, animal welfare considerations, public perception, etc.

Please select one of the categories of acceptability (with an ‘X’), and provide a rationale, with supporting evidence and examples if possible.
		Acceptability to stakeholders
	Acceptable
	x
	Neutral or mixed
	
	Unacceptable
	



Rationale:
The general public is not affected by monitoring activities and there is no reason why they should not be amenable to them. 

	Additional cost information 1
When not already included above, or in the species Risk Assessment. 
- implementation cost for Member States
- the cost of inaction
- the cost-effectiveness
- the socio-economic aspects

Include quantitative &/or qualitative data, and case studies (incl. from countries outside the EU).
	Cost of inaction: The potential ecological and economic impacts from the establishment and proliferation of H. sanguineus can be significant (Galanidi & Zenetos, 2017). 
Cost-effectiveness: Early detection with targeted monitoring, especially if species-specific molecular tools are developed is considered very cost-effective.

	Level of confidence on the information provided 2

Please select one of the confidence categories along with a statement to support the category chosen. See Notes section at the bottom of this document.
NOTE – this is not related to the effectiveness of the measure
		Inconclusive
	
	Unresolved
	
	Established but incomplete
	x
	Well established
	



Rationale:
There is a considerable amount of literature addressing indicated monitoring practices for marine invasive species, as well as issues of detectability. Some knowledge gaps remain as to the applicability of novel early detection methods with eDNA specifically for H. sanguineus, while protocols for surveillance monitoring for compliance with ballast water management regulations are yet to be developed.




	Surveillance measures to support early detection - Measures to run an effective surveillance system for achieving an early detection of a new occurrence (cf. Article 16). This section assumes that the species is not currently present in a Member State, or part of a Member State’s territory. This table is repeated for each of the early detection measures identified.

	Measure description
Provide a description of the measure, and identify its objective
	Early warning system based on citizen scientists and stakeholders

Involving the general public and citizen scientists in species surveillance can greatly increase monitoring effort and is a practice that is being increasingly adopted in relation to the detection of alien species (Roy et al., 2015).
 
The Europe-wide initiative Crab Watch has been designed to collect records of crabs around Europe. In particular, the initiative focuses on alien species such as H. sanguineus, and is connected to early-warning networks, so that new arrivals can be quickly reported and, if relevant, acted upon (see www.mba.ac.uk/crabwatch). The project was developed as a result of records of different crab species being received through the Chinese Mitten Crab (Eriocheir sinensis) recording project in the UK[footnoteRef:3]. Another example of a citizen science campaign which applies to H. sanguineus is the “Shore Thing” initiative co-ordinated by the Marine Biological Association (MBA) in the UK and Ireland (http://www.mba.ac.uk/shore_thing/). Hemigrapsus sanguineus is also one of the species addressed by a Swedish citizen science project along the west coast of Scotland, involving 11 schools with 40 teachers and 1300 students (ICES, 2019). [3:  http://mittencrabs.org.uk/] 


BioBlitz events offer another possibility for enhancing monitoring effort for the detection of marine alien species, including H. sanguineus, as well as for informing and involving stakeholders (i.e. shellfish growers in this case) in early detection efforts.


	Scale of application
At what scale is the measure applied? What is the largest scale at which it has been successfully used? Please provide examples, with areas (km2 or ha) if possible.

	Such efforts are more commonly undertaken at the local/national scale, but coordinated campaigns are also known to take place at the regional level (e.g. see the Crab Watch initiative described above).

	Effectiveness of the measure
Is it effective in relation to its objective? Has the measure previously worked, failed?

Please select one of the categories of effectiveness (with an ‘X’), and provide a rationale, with supporting evidence and examples if possible.
		Effectiveness of measures
	Effective
	x
	Neutral 
	
	Ineffective
	
	Unknown
	



Rationale:
So far, the Crab Watch scheme has not resulted in any new records of H. sanguineus, but has identified new populations of the congener H. takanoi (Jack Sewell, Marine Biological Association, pers. com., 2018) and has collected previously ‘not detected’ records of H. sanguineus from a number of locations. It should be noted, however, that the first intercepted records of H. sanguineus in the UK were submitted by members of the public to the Chinese mitten crab recording scheme, the GB Non-Native Species Secretariat and the Marine Biological Association’s Sealife Survey Facebook page for conﬁrmation of identiﬁcation (Seeley et al., 2015). Importantly, it was the presence of active invasive species recording schemes that made early detection and interception possible.

As such, effectiveness will depend on the existence of a clear ‘action plan’ to follow in case of early interception and well publicised guidance on what to do if individuals of the alien species are found. In particular, such guidance would need to include reporting and removal instructions and would need to be publicised to specific groups (shellfish growers, bait crab collectors, etc) likely to encounter individuals, as well as potential citizen scientists interested in participating in recording schemes. The example of the intercepted records in the UK (Seeley et al., 2015) demonstrates this very well.

Citizen science campaigns are, however, not effective for the detection of early life history stages of H. sanguineus.


	Effort required
e.g. period of time over which measure need to be applied to have results
	Environmental monitoring with the involvement of citizen scientist and stakeholders is a long-term endeavour and needs sustained efforts to keep the liaisons strong and the participants motivated and responsive.


	Resources required 1
e.g. cost, staff, equipment etc.
	All citizen science projects incur some cost, particularly in the initial phases for purposes of designing the project, motivating and training volunteers, producing information and field guide material, setting up a recording platform, etc. The running of citizen science projects commonly involves scientists coordinating activities, verifying observations, collating and analysing data.

Indicatively, citizen science projects in the UK, contributing to biodiversity indicators, had annual running costs between £70K and £150K (Roy et al., 2012).


	Side effects (incl. potential) – both positive and negative
i.e. positive or negative side effects of the measure on public health, environment including non-targeted species, etc.

For each of the side effect types please select one of the impact categories (with an ‘X’), and provide a rationale, with supporting evidence and examples if possible.
		Environmental effects
	Positive
	x
	Neutral or mixed
	
	Negative
	

	Social effects
	Positive
	x
	Neutral or mixed
	
	Negative
	

	Economic effects
	Positive
	
	Neutral or mixed
	x
	Negative
	



Rationale:
One of the positive side effects of this measure is a greater public and stakeholder awareness of invasive species and their impact on the environment. Moreover, citizen recording schemes usually run for more than one species simultaneously (e.g. the Crab Watch example described above and citizen science campaigns for invasive crab species in the USA – Delaney et al., 2008), such that monitoring for H. sanguineus can contribute to the early detection of other invasive alien species that occupy similar habitats. 


	Acceptability to stakeholders
e.g. impacted economic activities, animal welfare considerations, public perception, etc.

Please select one of the categories of acceptability (with an ‘X’), and provide a rationale, with supporting evidence and examples if possible.
		Acceptability to stakeholders
	Acceptable
	x
	Neutral or mixed
	
	Unacceptable
	



Rationale:
Acceptability is high. According to the 2015 Special Eurobarometer survey, conducted to inform the SEBI (Streamlining European 2010 Biodiversity Indicators) “Public awareness indicator”, two thirds of the EU citizens surveyed say they are making personal efforts to protect biodiversity and nature and half of them would like to do even more (EEA, 2016). Examples from different taxonomic groups, such as invasive alien fishes, indicate that potentially affected stakeholders, such as professional and recreational fishers, are highly motivated to contribute to recording efforts of invasive species (Giovos et al., 2018).


	Additional cost information 1
When not already included above, or in the species Risk Assessment. 
- implementation cost for Member States
- the cost of inaction
- the cost-effectiveness
- the socio-economic aspects

Include quantitative &/or qualitative data, and case studies (incl. from countries outside the EU).
	Cost of inaction: Citizen science campaigns have already made an important contribution to the detection of H. sanguineus in some parts of the invaded range (e.g. in the UK (Seeley et al., 2015), and early sightings in some areas of the USA (Delaney et al., 2008)). As such, the cost of inaction would be missed opportunities for early detection and eradication of and an increased risk of establishment of new populations of the species with all the potential associated impacts and costs.

Cost-effectiveness: Citizen science projects for purposes of biodiversity monitoring are not cost-free, but can significantly decrease the costs of monitoring, as well as increase the spatial (and potentially the temporal) scale of observations (Roy et al., 2012).

	Level of confidence on the information provided 2

Please select one of the confidence categories along with a statement to support the category chosen. See Notes section at the bottom of this document.
NOTE – this is not related to the effectiveness of the measure
		Inconclusive
	
	Unresolved
	
	Established but incomplete
	
	Well established
	x



Rationale:
Stakeholders are often the first to detect alien species in the marine environment. When properly designed, citizen science projects can provide scientifically robust and reliable data (Chase & Levine, 2016; Chandler et al., 2017).




	Rapid eradication for new introductions - Measures to achieve eradication at an early stage of invasion, after an early detection of a new occurrence (cf. Article 17). This section assumes that the species is not currently present in a Member State, or part of a Member State’s territory. This table is repeated for each of the eradication measures identified.

	Measure description
Provide a description of the measure, and identify its objective
	Physical removal through trapping and collection by hand on shore and by SCUBA divers

Although H. sanguineus principally inhabits the rocky intertidal, it can also be found in a variety of other habitats, such as subtidal rocky reefs, or mussel beds and oyster reefs, in salt-marshes, mud-flats, in estuarine areas and submerged artificial structures (Galanidi & Zenetos, 2017). In an eradication campaign, all possible habitats will need to be covered, such that a variety of methods and approaches will need to be employed.

A delimiting survey should be designed that establishes the boundary of the area considered to be infested by or free from the pest, informed by the species biology and habitat preferences, specifics of the location it was first detected, hydrodynamic conditions, among other relevant parameters (MPSC, 2015), and search efforts should be adapted to local specifics (e.g. depth, tidal amplitude, available substrates and food resources, etc.). Intertidal searches can be performed by scientists or trained volunteers, scanning the whole delimited area, while lifting macrophytes and boulders to search underneath (Delaney et al., 2008). In a similar manner, subtidal habitats will be searched by SCUBA divers (professional and/or volunteers), paying particular attention to shelter locations. 
Searches can be complemented by the deployment of crab traps. Conventional crab traps are mesh cages made from metal or plastic that are routinely used for the commercial or recreational capture of various crab species, usually baited with the prey of preference of the species they target. In the case of H. sanguineus, this could be mussel flesh. There is a variety of commercially available traps, which have also been used for research purposes (e.g. see Young et al., 2017). Traps are baited and soaked for a short period (1-2 days), after which they are retrieved and redeployed.

‘Artificial habitat collectors’ or ‘shelter traps’ are rack cubes filled with oyster shells or other natural material that provides plenty of shelter opportunities and which are deployed for several weeks (Fowler et al., 2013; Hewitt & McDonald, 2013). They are more suitable in areas with small tidal amplitude, where an extensive intertidal area is absent, e.g. the west coast of Sweden (Jungblut, 2017).


	Scale of application
At what scale is the measure applied? What is the largest scale at which it has been successfully used? Please provide examples, with areas (km2 or ha) if possible.

	Eradication has not been attempted for H. sanguineus anywhere in the invaded range. If the species is detected early and has a limited distribution, the eradication methods described above can be applied at the local scale, e.g. in ports, harbours, around aquaculture sites and along limited stretches of coastline.

	Effectiveness of the measure
Is it effective in relation to its objective? Has the measure previously worked, failed?

Please select one of the categories of effectiveness (with an ‘X’), and provide a rationale, with supporting evidence and examples if possible.
		Effectiveness of measures
	Effective
	
	Neutral 
	
	Ineffective
	x
	Unknown
	



Rationale:
Due to H. sanguineus’ small size, its cryptic behaviour under boulders, algal fronds and in crevices, and its breadth of habitat, complete detection and eradication by visual searches and manual removal is considered very difficult and represents an enormous investment in search effort.

Regarding the use of traps, the efficiency of baited traps can vary with trap design, availability of food, the reproductive phase of the crabs and agonistic interactions with conspecifics and native crab species (Young et al., 2017; Bergschoeff et al., 2018). While baited traps have proven successful at reducing adult crab populations, their efficiency is unlikely to ensure eradication (e.g. app. 16% for Carcinus maenas with the “Fukui trap” in Canada – Bergshoeff et al., 2018). Furthermore, small species/specimens may be able to escape from the mesh of commercial traps (although mesh size could be adjusted), or may altogether avoid entering baited traps, where cannibalism and predation are common, instead favouring the consumption of other food sources, such as algae and detritus (Hewitt & McDonald, 2013). H. sanguineus, for example, is known to predate heavily on macroalgae (Lohrer et al., 2000; Tyrrell et al., 2006; Griffen & Byers, 2009).

Alternatively, unbaited artificial habitat collectors that offer shelter opportunities have proven successful at capturing individuals from established populations of mitten crabs Eriocheir sinensis (Veldhuizen, 2000) and Harris mud crabs Rhithropanopeus harrisii (Fowler et al., 2013). Given the propensity of H. sanguineus for sheltered locations (e.g. Lohrer et al., 2000; Jungblut et al., 2017), habitat collectors are expected to be more efficient compared to baited traps, which were less successful in catching H. sanguineus in a highly invaded site at Helgoland (Jungblut, 2017; unpublished data).  In general, the efficiency of traps decreases when the target species is found at low densities and in areas where food (and shelter) sources are abundantly present, thus it is unlikely that trapping will ensure complete removal either.

Eradication of marine invasive aliens species has been achieved only in rare cases, when they were detected very early and there was rapid response in restricted areas, e.g. the eradication of the black-striped mussel Mytilopsis sallei in Darwin Harbor, Australia (Willan et al., 2000) and of the alga Caulerpa taxifolia in Agua Hedionda Lagoon and Huntington Harbor, California (Anderson, 2005). If the species has already managed to establish in large areas, eradication is unlikely (Ojaveer et al. 2015).


	Effort required
e.g. period of time over which measure need to be applied to have results
	Intense targeted removals should be organised immediately after early detection, and not stop until there are many days with no individual detected. Effort should be regularly repeated in the following months, and less regularly for a couple of years, to ensure there are no individuals left. If individuals are again detected, intense eradication campaigns should be repeated.


	Resources required 1
e.g. cost, staff, equipment etc.
	Crab traps are not expensive, but can be labour intensive and costly to deploy and retreat, especially if boat-based work is required and cannot be combined with other commercial practices to alleviate some of the costs (e.g. shellfish culture operations). Divers’ time also represents a considerable expense. 

If a removal programme is attempted, the most cost-effective option is incorporating trained volunteers (Delaney & Leung, 2010). An indication of the effort necessary for eradication is given by Delaney & Leung (2010), who calculated that, in order to have a 95% probability of detection of H. sanguineus on the intertidal at a low density of 0.005 crabs/m2 over a 211 km long coastline (New Hampshire, USA), a minimum of 68,300 hours of effort would be required.


	Side effects (incl. potential) – both positive and negative
i.e. positive or negative side effects of the measure on public health, environment including non-targeted species, etc.

For each of the side effect types please select one of the impact categories (with an ‘X’), and provide a rationale, with supporting evidence and examples if possible.
		Environmental effects
	Positive
	
	Neutral or mixed
	
	Negative
	x

	Social effects
	Positive
	x
	Neutral or mixed
	
	Negative
	

	Economic effects
	Positive
	
	Neutral or mixed
	x
	Negative
	



Rationale:
Some ecological issues may arise, associated with ghost fishing and marine litter in the event of equipment loss. Moreover, artificial habitat collectors attract other species apart from the targeted one (Hewitt & McDonald, 2013) and baited traps are very likely to capture the native Carcinus maenas, which is already in competition with H. sanguineus (Landschoff et al., 2013; Jungblut et al., 2017). Finally, overturning all boulders in an extensive area for hand-collecting the species can have severe impacts on native fauna.

A positive social effect is that involving professional divers and fishers (for trapping), as well as volunteers, in removal efforts will increase their overall awareness on biological invasions.

	Acceptability to stakeholders
e.g. impacted economic activities, animal welfare considerations, public perception, etc.

Please select one of the categories of acceptability (with an ‘X’), and provide a rationale, with supporting evidence and examples if possible.
		Acceptability to stakeholders
	Acceptable
	x
	Neutral or mixed
	
	Unacceptable
	



Rationale:
Hemigrapsus sanguineus presents no socio-economic benefits for any stakeholders in the EU invaded range; on the contrary, it has the potential to become a serious pest to shellfish growers, who are likely to welcome eradication efforts. Since this is a non-invasive approach and minor environmental impacts are anticipated, public acceptance is expected to be high.


	Additional cost information 1
When not already included above, or in the species Risk Assessment. 
- implementation cost for Member States
- the cost of inaction
- the cost-effectiveness
- the socio-economic aspects

Include quantitative &/or qualitative data, and case studies (incl. from countries outside the EU).
	Cost of inaction: Failure to implement eradication campaigns after early detection would increase the risk of establishment of new populations and of further spread of the species, with all the potential associated impacts and costs, including costs of long-term management and population control (Galanidi & Zenetos, 2017). 

Cost-effectiveness: very low, given the low likelihood of success. Additionally, unaided or anthropogenically mediated re-introductions and secondary spread are considered very likely. Cost-effectiveness could be high only in cases of very localised populations, detected very early before reproduction, and thus with high chances of eradication.



	Level of confidence on the information provided 2

Please select one of the confidence categories along with a statement to support the category chosen. See Notes section at the bottom of this document.
NOTE – this is not related to the effectiveness of the measure
		Inconclusive
	
	Unresolved
	
	Established but incomplete
	x
	Well established
	



Rationale:
There is a general consensus among scientists that eradications of mobile species with a large dispersal capacity in the marine environment are highly unlikely to succeed, unless detected very early. Since eradication by physical removal has never been attempted for H. sanguineus, the effectiveness of visual surveys for complete detection and subsequent elimination is not known. Additionally, although there are ample studies with respect to the effectiveness of baited and shelter traps in detecting and capturing decapods, they refer to different species, primarily for population control or monitoring purposes, and none have been applied to H. sanguineus yet. 





	Management - Measures to achieve management of the species once it has become widely spread within a Member State, or part of a Member State’s territory.  (cf. Article 19), i.e. not at an early stage of invasion (see Rapid eradication table above). These measures can be aimed at eradication, population control or containment of a population of the species. This table is repeated for each of the management measures identified.

	Measure description
Provide a description of the measure, and identify its objective
	Population control with physical removal (trapping, collection by hand on shore and by SCUBA divers) 

If long-term population control with physical removal is attempted for H. sanguineus, a variety of methods can be employed, depending on the affected locations, as described in the ‘Rapid eradication’ table above, i.e. through the use of baited traps, artificial habitat collectors and manual removal on shore and by SCUBA divers. Even though eradication is not considered feasible with such an approach, habitat collectors have been successful in collecting small and cryptic crab species and the principal of the operations would be the same. However, it is largely unknown to what extent physical removals would ensure that individuals removed would be sufficient to cause a decline in population growth.

For further details please see the ‘Rapid Eradication’ table above.


	Scale of application
At what scale is the measure applied? What is the largest scale at which it has been successfully used? Please provide examples, with areas (km2 or ha) if possible.

	Population control could be deemed necessary if abundant populations exerted significant predation pressure on bivalve resources and habitats of conservation concern (aquaculture plots and natural mussel beds), or if there was an increase in the mortality of bird species consuming H. sanguineus (e.g. eider ducks Somateria mollissima, with a Vulnerable European population), due to acanthocephalan infections of their prey (see Galanidi & Zenetos, 2017). In any case, population control would be attempted at the local scale.


	Effectiveness of the measure
Is it effective in relation to its objective? Has the measure previously worked, failed?

Please select one of the categories of effectiveness (with an ‘X’), and provide a rationale, with supporting evidence and examples if possible.
		Effectiveness of measures
	Effective
	
	Neutral 
	x
	Ineffective
	
	Unknown
	



Rationale:
Artificial habitat collectors have not been tested for H. sanguineus, but have proven successful at capturing individuals of established populations of other small and cryptic species, such as mitten crabs Eriocheir sinensis (Veldhuizen, 2000) and Harris mud crabs Rhithropanopeus harrisii (Fowler et al., 2013), albeit for monitoring purposes. Manual removals on the intertidal and the subtidal, even though labour intensive, could be effective in removing large numbers of, at least, the larger sized individuals. However, it is unknown to what extent physical removals would ensure that individuals removed would be sufficient to cause a decline in population size and growth.

Effectiveness will also depend on the connectivity of the targeted locations with possible source locations of H. sanguineus naturally dispersing larvae.


	Effort required
e.g. period of time over which measure need to be applied to have results
	Population control would most likely require continuous and sustained efforts over consecutive years, especially around aquaculture plots.

	Resources required 1
e.g. cost, staff, equipment etc.
	Artificial habitat collectors are not expensive to construct and could be deployed and retrieved during shellfish culture operations. Visual searches for manual removal involve a great amount of time and effort (see ‘Rapid Eradication’ table above), while diver time also represents a considerable expense.


	Side effects (incl. potential) – both positive and negative
i.e. positive or negative side effects of the measure on public health, environment including non-targeted species, etc.

For each of the side effect types please select one of the impact categories (with an ‘X’), and provide a rationale, with supporting evidence and examples if possible.
		Environmental effects
	Positive
	
	Neutral or mixed
	
	Negative
	x

	Social effects
	Positive
	x
	Neutral or mixed
	
	Negative
	

	Economic effects
	Positive
	
	Neutral or mixed
	x
	Negative
	



Rationale:
Some ecological issues may arise, associated with ghost fishing and marine litter in the event of equipment loss. Moreover, artificial habitat collectors attract other species apart from the targeted one (Hewitt & McDonald, 2013). Overturning all boulders and rocks in an extensive area for hand-collecting the species can have severe impacts on native fauna.

A positive social effect is that involving staff of aquaculture farms, professional divers and fishers, as well as volunteers, in removal efforts will increase their overall awareness on biological invasions.


	Acceptability to stakeholders
e.g. impacted economic activities, animal welfare considerations, public perception, etc.

Please select one of the categories of acceptability (with an ‘X’), and provide a rationale, with supporting evidence and examples if possible.
		Acceptability to stakeholders
	Acceptable
	x
	Neutral or mixed
	
	Unacceptable
	



Rationale:
Hemigrapsus sanguineus presents no socio-economic benefits for any stakeholders in the EU invaded range; on the contrary, stakeholders will probably initiate population control efforts themselves if H. sanguineus rises to a pest status around shellfish culture plots. If conservation values are threatened, public acceptance is also expected to be high, since this is a non-invasive approach, such that minor environmental impacts are anticipated.


	Additional cost information 1
When not already included above, or in the species Risk Assessment. 
- implementation cost for Member States
- the cost of inaction
- the cost-effectiveness
- the socio-economic aspects

Include quantitative &/or qualitative data, and case studies (incl. from countries outside the EU).
	Cost of inaction: If H. sanguineus has acquired pest status for bivalve aquaculture such that population control efforts are deemed necessary, significant bivalve losses due to predation are likely to occur. For example, predation by H. sanguineus was found to account for up to 25% of Mytilus edulis mortality in the intertidal zone of north-eastern USA coasts (Griffen, 2006; Brousseau et al., 2014). 

Cost-effectiveness: Low. Physical removal is very labour intensive and will most likely need to be sustained over consecutive years, with doubtful effects on recruitment strength.

	Level of confidence on the information provided 2

Please select one of the confidence categories along with a statement to support the category chosen. See Notes section at the bottom of this document.
NOTE – this is not related to the effectiveness of the measure
		Inconclusive
	
	Unresolved
	
	Established but incomplete
	x
	Well established
	



Rationale:
Population control efforts against marine invasive crabs have generally been shown to have little effect on recruitment strength and are more often a temporary measure that, to reduce environmental impacts, needs sustained application (McEnnulty et al., 2001). Population control measures have not been applied in relation to H. sanguineus and little is known about the efficiency of the proposed physical removal methods to achieve significant population declines.





	Management - Measures to achieve management of the species once it has become widely spread within a Member State, or part of a Member State’s territory.  (cf. Article 19), i.e. not at an early stage of invasion (see Rapid eradication table above). These measures can be aimed at eradication, population control or containment of a population of the species. This table is repeated for each of the management measures identified.

	Measure description
Provide a description of the measure, and identify its objective
	Population control with biological agents 

In its native range, H. sanguineus is parasitised by four castrating rhizocephalan barnacle species, Polyascus (=Sacculina) polygenea, Sacculina nigra, Sacculina senta (McDermott, 2011) and Sacculina yatsui (Kobayashi et al., 2018). Sacculinid parasites cause the degeneration of the gonads in both sexes of host crabs and a gradual feminisation of male crabs (Yamaguchi & Aratake, 1997). It is also assumed that increased parasitisation reduces the amount of energy available for growth (as it is diverted towards immune defences), with implications for fitness and potential competition with native species (Keogh et al., 2017).

These rhizocephalan parasites are widespread throughout the crab’s native range, and their prevalence can exceed 80% of the crab population (Yamaguchi et al., 1994; Korn et al., 2005). In the invaded range (both in the USA and in Europe), H. sanguineus has escaped its rhizocephalan parasites and there is no evidence that it has acquired new ones, native to the invaded regions (Blakeslee et al., 2009; Goedknegt et al., 2017). 

Biological control would consist of introducing to the European invaded regions one or more of the sacculinid parasites that infect H. sanguineus in its native range. For this, as for the introduction of any other biological control agent, extensive studies would need to be conducted to explore the host-specificity of these parasites to ensure no risks to the native fauna. 


	Scale of application
At what scale is the measure applied? What is the largest scale at which it has been successfully used? Please provide examples, with areas (km2 or ha) if possible.

	It has been hypothesised that crab populations heavily infested with castrating parasites (prevalence in the order of 80-90%) are maintained by external recruitment (Kuris, 1974; Yamaguchi et al., 1994). Considering the widespread establishment of H. sanguineus in parts of the EU (northern coasts of continental Europe), biological control with rhizocephalan parasites would have to be attempted at a large scale, requiring extensive coordination between Member States and possibly changes in legislation. Alternatively, this approach could be tested at a smaller scale, on relatively isolated populations.


	Effectiveness of the measure
Is it effective in relation to its objective? Has the measure previously worked, failed?

Please select one of the categories of effectiveness (with an ‘X’), and provide a rationale, with supporting evidence and examples if possible.
		Effectiveness of measures
	Effective
	
	Neutral 
	
	Ineffective
	
	Unknown
	x



Rationale:
Effectiveness is largely unknown. Keogh et al. (2017) experimentally demonstrated that, when parasite-free H. sanguineus from the invaded USA range were exposed to native sacculinid parasites, they showed at least 1.8 times greater susceptibility to infection than their native counterparts. However, such approaches have not been attempted outside the laboratory and it is unknown to what extent infection success could be achieved in the field. The likelihood of success would also be highly scale-dependent (see section above).


	Effort required
e.g. period of time over which measure need to be applied to have results
	Probably the application of this measure would be a medium to long-term endeavour (see details in section below).

	Resources required 1
e.g. cost, staff, equipment etc.
	Biological control with parasites would require the maintenance of a host-parasite system, in the laboratory, continuously producing infective stages (cyprids) of the sacculinids for use in the field. This has been achieved in Japan for H. sanguineus – Sacculina yatsui (Kobayashi et al., 2018). Equipment needs for such a system are not very complicated and can probably be met by many existing institutes, but the running of the operation would need dedicated laboratory and aquarium space, as well as highly trained staff. The first infected crabs would likely have to be imported from the native range, where rhizocephalan infections of H. sanguineus do occur. Before being released in the field, the host-specificity of the imported parasites would have to be tested against native crab species (see section below). Eventually, the program would develop into a sustained cycle of trapping infected individuals in the field and using them in the culture system to infect new ones.

	Side effects (incl. potential) – both positive and negative
i.e. positive or negative side effects of the measure on public health, environment including non-targeted species, etc.

For each of the side effect types please select one of the impact categories (with an ‘X’), and provide a rationale, with supporting evidence and examples if possible.
		Environmental effects
	Positive
	
	Neutral or mixed
	
	Negative
	x

	Social effects
	Positive
	
	Neutral or mixed
	
	Negative
	x

	Economic effects
	Positive
	
	Neutral or mixed
	
	Negative
	x



Rationale:
Despite rhizocephalans being considered highly host-specific parasitic castrators (Lafferty & Kuris, 1996), little is known about the host-specificity of the species parasitising H. sanguineus in its native range. Some of the rhizocephalan parasites found on H. sanguineus in its native range are found to infect other native crab species in the region (McDermott, 2011; Kobayashi et al., 2018), raising concerns about the potential infectiousness of these parasites for species native to the EU.

Studies on a similar host-parasite system of C. maenas – Sacculina carcini in California indicate that S. carcini can also infect four species of non-target, native Californian crabs (Hemigrapsus oregonensis, H. nudus, Pachygrapsus crassipes and Cancer magister), causing damage to their nervous system and mortality (Goddard et al., 2005). These risks are aggravated due to the fact that some potentially vulnerable native crab species support local fisheries in the EU (e.g. C. maenas that are about to moult, known as ‘peelers’, are sought after as bait by anglers in the UK – Sheehan, 2007). 

As such, should biological control be considered as a management option for this species, extensive studies would need to be conducted to ensure the safety of native fauna and the potential benefits of biological control should be assessed in relation to these potential non-target effects.


	Acceptability to stakeholders
e.g. impacted economic activities, animal welfare considerations, public perception, etc.

Please select one of the categories of acceptability (with an ‘X’), and provide a rationale, with supporting evidence and examples if possible.
		Acceptability to stakeholders
	Acceptable
	
	Neutral or mixed
	x
	Unacceptable
	



Rationale:
It is paramount that the safety of the native fauna by introduced parasites is clearly demonstrated before releasing the biocontrol agent as otherwise, other than the potential environmental consequences, there are likely to be expressions of concern and objections by stakeholders and the general public. 
As different Member States may have different regulations and approaches to releasing biological control agents into the environment, the measure might face different acceptability if implemented at a large scale.


	Additional cost information 1
When not already included above, or in the species Risk Assessment. 
- implementation cost for Member States
- the cost of inaction
- the cost-effectiveness
- the socio-economic aspects

Include quantitative &/or qualitative data, and case studies (incl. from countries outside the EU).
	Implementation cost for Member States: if regulatory reforms are needed to implement this measure, this might incur additional costs to Member States.

Cost of inaction: Failure to control populations at the large scale can result in significant economic impacts on the shellfish culture industry, as well as environmental impacts on native species and communities, their conservation value and their associated ecosystem services (Galanidi & Zenetos, 2017).
[bookmark: _GoBack]
Socio-economic aspects: Information campaigns may be additionally required, explaining the process to be undertaken and assuring the public and stakeholders about its safety.

	Level of confidence on the information provided 2

Please select one of the confidence categories along with a statement to support the category chosen. See Notes section at the bottom of this document.
NOTE – this is not related to the effectiveness of the measure
		Inconclusive
	x
	Unresolved
	
	Established but incomplete
	
	Well established
	



Rationale:
Even though biological control of invasive crabs via parasitism is not a novel concept (it has been proposed in the past for e.g. C. maenas invading California – Lafferty & Kuris, 1996), to the author’s knowledge it has not been attempted in the field and there are major knowledge gaps concerning its potential application.
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Notes
1. Costs information. The assessment of the potential costs shall describe those costs quantitatively and/or qualitatively depending on what information is available. This can include case studies from across the Union or third countries. 

2. Level of confidence[footnoteRef:4]: based on the quantity, quality and level of agreement in the evidence. [4:  Assessment of confidence methodology is taken from IPBES. 2016. Guide on the production and integration of assessments from and across all scales (IPBES-4-INF-9), which is adapted from Moss and Schneider (2000).] 


	[image: ]
	
[image: ]
	· Well established: comprehensive meta-analysis[footnoteRef:5] or other synthesis or multiple independent studies that agree.  [5:  A statistical method for combining results from different studies which aims to identify patterns among study results, sources of disagreement among those results, or other relationships that may come to light in the context of multiple studies.] 


· Established but incomplete: general agreement although only a limited number of studies exist but no comprehensive synthesis and, or the studies that exist imprecisely address the question.

· Unresolved: multiple independent studies exist but conclusions do not agree.

· Inconclusive: limited evidence, recognising major knowledge gaps









3. Citations and bibliography. The APA formatting style for citing references in the text and in the bibliography is used.
e.g. Peer review papers will be written as follows:
In text citation: (Author & Author, Year)
In bibliography: Author, A. A., & Author, B. B. (Publication Year). Article title. Periodical Title, Volume(Issue), pp.-pp. 
(see http://www.waikato.ac.nz/library/study/referencing/styles/apa )
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