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[bookmark: _Toc49586324]1) EXECUTIVE SUMMARY
· Marine ecosystems face ever-increasing demands from human activities and there is an urgent need for evidence-based policy and decision making to ensure sustainable management of marine resources.  
· Globally, marine capture fisheries have plateaued or are in decline, driving the need for aquaculture expansion to satisfy an ever increasing demand for seafood. 
· Marine aquaculture (mariculture) has considerable potential to contribute to sustainable ‘blue’ growth in the UK, particularly in England where the industry (predominantly shellfish mariculture) currently occupies a very small proportion (<0.1%) of the country’s territorial coastal waters. 
· The majority (>70%) of mariculture sites in England are located within MPAs and have co-existed as such over long periods of time (for up to 100 yrs).
· We evaluate the availability of baseline data, and the development of habitat feature-specific risk assessment tools and general rules for facilitating mariculture development within MPAs. 
· In the final analysis, we set out a series of recommendations for the development of MPA/marine planning assessment tools and rules and their integration within a transparent decision making framework (e.g. decision tree) for regulators and prospective mariculture licencees.


[bookmark: _Toc49586325]2) OVERARCHING AIM
This project set out to provide a synthesis of evidence and recent developments in marine policy making and decision support tools for enabling the sustainable development of mariculture sites, species and technologies in and around marine protected areas (MPAs).



[bookmark: _Toc49586326]3) BACKGROUND
[bookmark: _Toc49586327]3.1) The potential for growth in aquaculture, particularly marine aquaculture in England
Aquaculture is the fastest growing food production sector globally (FAO, 2020) and unlike agriculture and capture fisheries, which are plateauing or declining (Asche and Smith, 2018; FAO, 2020), offers huge potential for future sustainable growth (DEFRA, 2015; Westbrook, 2017; Seafish, 2017). Global food fish production from aquaculture (82 million tonnes, US$250 billion per year) now exceeds capture fisheries and production is projected to rise to 109 million tonnes, by 2030 (FAO, 2020), with a significant contribution coming from marine aquaculture (mariculture) (Kapetsky et al., 2013; EEA, 2017; FAO, 2020). The UK mariculture industry generates <1% of annual global aquaculture product sales (£1.8 billion) from ~0.2 million tonnes of farmed seafood, which is dominated by Scottish salmon and shellfish (Seafish, 2016). There is significant potential to grow the UK mariculture industry (Seafish, 2016; UK Government Office for Science, 2017), particularly in England where turnover is projected to rise from 2% to 4% (£30 million to £60 million) of UK sales over the next 20 years (Seafish, 2017). A major factor contributing to the growth potential for mariculture in England is its long coastline, which is the third longest of all EU countries (UK Government Office for Science, 2017). However this coastline currently supports 20 times lower production (per km) compared to Northern France (EEA, 2017). More extensive growth in revenues and jobs are likely to be generated in coastal communities in England by an enhanced seafood value chain, including food processing, restaurant, hospitality and tourism industries (SeaFish, 2017). The increased production and consumption of seafood, rich in proteins, micronutrients and omega 3 fatty acids, is expected to bring considerable human health benefits and significant reductions in national healthcare costs (Seafish, 2017). There are also numerous ecosystem service benefits associated with some mariculture practices, in particular from shellfish and seaweed mariculture, including habitat provisioning and enhancement of biodiversity and commercial fisheries (Le Gouvello et al., 2017).
3.2) Key factors constraining mariculture expansion
A broad range of factors potentially constrain mariculture expansion. Key socio-economic factors include burdensome and bureaucratic regulation (DEFRA, 2015), competition/conflict with other marine sectors for marine space (Kapetsky et al., 2013, Gentry et al., 2017), financial and technical demands associated with licencing and operation, public perception of aquaculture and dietary preferences for, finfish and crustaceans with wild provenance (Villasante et al., 2013; Gentry et al., 2017). Key environmental factors include variable water quality (Muir, 1992), climate change, ocean acidification (Clements and Chopin, 2017), and harmful algal blooms (Brown et al., 2019). 
Barriers faced by the aquaculture sector in SW England have been ranked in their importance by 22 industry, academic and regulator stakeholders in the South West Aquaculture Network (Figure 1). 
[image: ]
Values on bar chart represent the average importance score – averaged across 22 survey participants (importance was scored by all participants from 1 to 9, least to most important barrier). 
[bookmark: _Toc49586329]4) METHODS

In order to help overcome the key constraint of conflict for marine space we examined scientific evidence and recent developments in marine policy making and decision support tools concerning the co-location of aquaculture sites, farmed species and technologies in and around MPAs. We then used this evidence to generate a set of policy recommendations for facilitating sustainable development of mariculture in and around MPAs. The work was undertaken in four stages:
[bookmark: _Toc49586330]4.1) Initial consultation and scoping (Stage 1)
Relevant competent authorities comprising the Centre for Environment Fisheries and Aquaculture Science (CEFAS), Natural England (NE) and the Inshore Fisheries Conservation Authority (IFCA) were consulted at the outset of the project in order identify key information sources and data gaps concerning interactions between mariculture and MPAs. 
[bookmark: _Toc49586331]4.2) Literature review (Stage 2)
A literature review was undertaken to appraise data and tools highlighted in Stage 1 (Section 4.1) and to develop a narrative concerning trends in policy development on the sustainable use of marine resources alongside nature conservation. The review considered international policy and regulatory instruments, but focused primarily on national policy and regulation relating to the management of MPAs alongside mariculture operations and also capture fisheries.
[bookmark: _Toc49586332]4.3) Case study (Stage 3)
A case study was undertaken in SW England, along the Dorset and East Devon coast, in order to develop general rules (supported by an evidence base derived from the scientific literature, policy reviews and stakeholder consultation) for mariculture development around MPAs. In particular this study evaluated the feasibility of using available evidence and tools (identified in Stage 1) for assessing mariculture-MPA interactions and for screening the compatibility of mariculture species and technologies with specific conservation features (i.e. sedimentary or reef habitat features listed in Annex 1 of the Habitats Directive).
[bookmark: _Toc49586333]4.4) Multi-stakeholder workshop (Stage 4)
The work presented in this report was summarised and presented to 40 regulatory, industry and academic stakeholders at a virtual workshop on ‘Supporting Mariculture Development - Evidence for Informed Regulation’, which addressed the key constraint of Regulation and bureaucratic process (Figure 1). During and after the workshop stakeholders were asked to prioritise and feedback on a range of issues, including perceived positive and negative impacts of mariculture on MPAs. The workshop was conducted and is reported separately under a parallel and complimentary SPF project (Daniels et al., 2020). 

[bookmark: _Toc49586334]5) RESULTS
[bookmark: _Toc49586335]5.1) Initial consultation and scoping
Consultation with CEFAS, Natural England and IFCA took place on 20 February 2020 and minutes are recorded in Appendix 1. The consultation identified a number of key resources that provided a starting point for the literature review (Stage 2) and the case study (Stage 3). These resources included: i) Natural England’s ‘advice on operations’ in MPAs concerning mariculture species (finfish, shellfish, seaweed) and specific culture technologies (bottom culture, trestle culture, rope culture) https://www.gov.uk/government/collections/conservation-advice-packages-for-marine-protected-areas; ii) Natural England’s and IFCA’s geospatial maps of MPAs (and habitats and specific conservation features) https://magic.defra.gov.uk/ and iii) CEFAS’s detailed geospatial  assessment of the feasibility of aquaculture operations (based on environmental conditions and competing uses) along the Dorset and East Devon coastline out to 6 nautical miles http://data.cefas.co.uk/.  Additional resources for informing ‘general rules’ for mariculture development in and around Marine Protected Areas (MPAs) that were identified (and evaluated in the literature review - Stage 2) included: the Marine Management Organisation’s Matrix of fisheries gear types and European Marine Site protected features https://www.gov.uk/government/publications/fisheries-in-european-marine-sites-matrix and Habitat Risk Assessments and Zoning under the Williamsburg Resolution relating to aquaculture and fish movements. http://www.nasco.int/pdf/far_aquaculture/AquacultureFAR_EnglandWales.pdf

[bookmark: _Toc49586336]5.2) Literature review 
[bookmark: _Toc49586337]5.2.1) Reconciling nature conservation and sustainable development of mariculture
The UK Government’s 25-year plan (DEFRA, 2019) states that “English inshore and offshore waters and Northern Ireland offshore waters will achieve good environmental status (Marine Strategy Framework Directive MSFD 2008/56/EC)…. while allowing marine industries to thrive….”, which will be achieved in part by establishing an “ecologically coherent network of well-managed marine protected areas (MPAs)”. The plan also highlights Defra’s ambition for more collaborative management by “joining forces with local stakeholders to find the most appropriate ways of drawing down the riches of the sea in a sustainable way”. The International Union for the Conservation of Nature (IUCN) also highlights potential opportunities & synergies between aquaculture (mariculture) and nature conservation in relation to meeting Aichi Targets by 2020: Target 11 - marine biodiversity protection; Target 6 - sustainable fisheries (CBD, 2010), and achieving UN Sustainable Development Goals (2030): Goal 2 - food security; Goal 14 – oceans (IUCN, 2020).
Despite international acknowledgement for the need to reconcile nature conservation and sustainable development (IUCN, 2020), nature conservation in England, the UK and EU follows a ‘precautionary approach’. Environmental Impact Assessment (EIA) screening is mandatory for shellfish and finfish mariculture developments, including in sensitive areas such as MPAs. 
In the case of European Marine Sites designated under the Habitats Directive (92/43/EEC) and/or Birds Directive (79/409/EEC) an assessment is also required to demonstrate that the integrity of the sites will not be adversely impacted (EC, 2012; Möckel, 2017). In the UK, this assessment is a Habitats Regulations Assessment (HRA), performed under the Conservation (Natural Habitats &c.) Regulations (2019) by competent authorities (the authorising or consenting body) advised by Natural England. Assessments must show that designated habitat features within protected sites are maintained in favourable condition (i.e. feature extent is stable or increasing, structures and functions necessary for maintenance are likely to exist for the foreseeable future, populations of typical species associated with the habitat are viable in long-term). Despite distinctions being made for priority habitats and features, which are particularly rare or vulnerable (nationally or internationally), or which, once destroyed, cannot be replaced there is a tendency to apply the same levels of protection to all.  For example, Article 6(2) and Article 6(3) of the Habitats Directive offer the same level of protection for all ‘natural habitats’ and ‘habitats of species’. 
The effectiveness of ‘feature-based approaches’ for conserving marine biodiversity has been called into question, due to lack of representation of species and habitats within the MPA network, lack of reliable indicators to assess change in feature condition, inability to accurately map the distribution and extent of many features (Ware and Downie, 2020). Of further concern is the tendency for universal application of the precautionary principle to afford the highest levels of conservation protection, at the expense of sustainable development (Solandt  et al., 2020). An alternative approach advocated in  UK Government’s 25 year Environmental Plan is to protect whole ecosystems, ‘which are more than the sum of their parts, due to dynamic interaction of components through time’ (DEFRA, 2018a). This ‘whole site’, ‘ecosystem-based approach’ seeks to preserve structure and function, and enable the repair and renewal of marine systems, and is more consistent with the sustainable development and use of marine resources (Solandt et al., 2020; Rees et al., 2020). Regardless of the approach taken towards sustainable development, clearer specification of significant adverse effects on MPA features is required, as well as more accurate quantification of the contribution of proposed developments towards any (cumulative) adverse effects (Möckel, 2017).

[bookmark: _Toc49586338]5.2.2) Availability of marine space for mariculture development
[bookmark: _GoBack]Around half ~50% (25,102 km2) of English inshore waters (out to the 12 nautical mile territorial limit) is occupied by 154 MPAs, while 37% (66,504 km2) of offshore waters contain 40 MPAs (JNCC, 2019). The majority of inshore waters are also open to fishing (MMO, 2018) and a range of other marine activities. Furthermore, not all remaining available marine space will be suitable for mariculture development due to other constraints (including water quality, depth, exposure to wind and waves) and socio-economic factors (including proximity to ports and supply chains) (Ross et al. 2013). This highlights the need for multiple stakeholder engagement and multi-criteria decision analysis in marine spatial planning (Ross et al., 2013; Sanchez‐Jerez et al. 2016) including around MPAs (Rodmell et al., 2020). 
In line with the UK multi-annual national plan for the development of sustainable aquaculture (DEFRA, 2015), marine plans in England identify areas for potential aquaculture development, but there is no accompanying scheme or dispensation for facilitating licencing (SPF workshop, 2020). One solution is the establishment of allocated zones for aquaculture ‘AZA’ (Sanchez‐Jerez et al., 2016), where aquaculture development could be directly aligned with MPA or other marine use objectives.



It is important to note that the establishment of many existing mariculture sites within MPAs predates the designation of many of these conservation sites, including European Marine Sites (EMSs) and Marine Conservation Zones (MCZs), which have proliferated following the Earth Summit in Rio de Janeiro, 1992 and the World Summit on Sustainable Development in Johannesburg, 2002 (FAO, 2009; Humphreys and Clark, 2020).   
[bookmark: _Toc49586339]5.2.3) Development of compatibility matrices for marine activities (including mariculture) and MPAs 
Compatibility matrices for different marine activities and different MPA categories (from category Ia Strict nature reserves and, Ib Wilderness areas to category VI Managed resource protected areas) were proposed provisionally by the IUCN (Day et al., 2012). The compatibility of different types of aquaculture has also been rated (yes, possible, no) for IUCN broad MPA categories (Le Gouvello et al., 2017; IUCN, 2020) (Table 1). Comparable rating of aquaculture, fishing and dredging in Table 1 seems unrealistic. More detailed assessments of the sensitivity of specific habitat features in English MPAs (e.g. Poole Harbour EMS) to pressures from these activities (e.g. abrasion/disturbance of the seabed, changes in suspended solids, nutrient enrichment) indicates that features are generally more sensitive to dredging than fishing or aquaculture (Table 2). This is according Natural England’s Advice on Operations https://www.gov.uk/government/collections/conservation-advice-packages-for-marine-protected-areas, based on Marine Evidence based Sensitivity Assessment (MarESA) (Tillin et al., 2010; Tillin and Tyler-Walters, 2014), for a range of marine activities. A similar approach has been developed in Wales (Hall et al., 2008) and in Scotland http://www.sarf.org.uk/cms-assets/documents/167420-751752.sarf090.pdf. These evidence-based sensitivity assessments have been benchmarked in terms of magnitude, extent, duration and frequency of the effect, so that pressures from different activities can be compared on an equal footing https://www.marlin.ac.uk/sensitivity/sensitivity_rationale. 
Sensitivity assessments are underpinned by limited data for mariculture sites and operations. Furthermore, while feature-based sensitivity assessments can be used as preliminary compatibility screening tools for mariculture and MPAs, they may be under- or over- protective. The appraisal of sensitivity matrices for MPAs relating to different fishing gear types has also highlighted that generic matrices are no substitute for site-specific vulnerability assessments, which explicitly consider the exposure of resident biological communities within habitat features to local environmental pressures (CEFAS, 2012). Feature-based tools are also no substitute for ecosystem-based methods for assessing whole site integrity (Rees et al., 2020; Ware and Downie, 2020).
Table 1: Compatibility matrices for different categories of protected areas and activities including aquaculture (IUCN, 2020).
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[image: ]Key: N = No; N* = Generally no, unless under special circumstances; Y = Yes; Y* = Yes because no alternative exists; * = Possible if the activity can be managed so that it is compatible with protected site objectives.
Table 2: Sensitivity of specific habitat features in English MPAs (e.g. Poole Harbour EMS) to pressures from bottom shellfish aquaculture, demersal trawling and maintenance dredging
[image: ]’Genetic modification and translocation of indigenous species’ and the ‘Introduction of microbial pathogens’ are peculiar to aquaculture and therefore these were not comparable across marine activities.
5.2.4) Refining compatibility assessments for mariculture and MPAs

Additional steps necessary for refining compatibility assessments for mariculture and MPAs include: establishing local baselines in feature condition; predicting the effects of proposed mariculture species and technologies through extrapolations  from other comparable areas; accounting for the location and spatial scale of proposed operations; understanding interactions between mariculture and other competing marine pressures and uses (alongside the conservation of protected features) (Le Gouvello et al., 2017; IUCN, 2020). In offshore areas there is additional scope to optimise conditions for mitigating aquaculture impact based on guidelines for minimum water depth (twice the depth of mariculture infrastructure) and minimum water flow rates (>0.05 m/s) (Belle and Nash, 2008; Froehlich et al., 2017).
There is considerable uncertainty relating to the condition (favourable or non-favourable) and extent of some MPA features in England and the rest of the UK, which confounds the assessment of potential impacts on MPAs from marine activities. This is particularly the case for sedimentary habitats, which represent the areas of highest fishing activity in England and the rest of the UK (JNCC, 2020) and, based on generic sensitivity matrices, have greatest potential for mariculture development. UK Government has committed to an ambitious programme of condition monitoring for all designated sites. 
Where sites lack condition assessments, an alternative approach will be to use feature  activity ‘vulnerability assessments’ (outlined above), but these don’t account for background factors, such as storm events. Vulnerability assessments began with the designation of Marine Conservation Zones (under the UK Marine and Coastal Access Act) in Tranche 1 in 2016. Inshore Fisheries Conservation Authorities (IFCAs) have completed 74 assessments of feature/activity interactions (focusing mainly on fishing activities) while a further 186 are currently in progress or at quality assurance stage. In future, a lower reliance will be placed on vulnerability assessments, as further monitoring surveys take place to inform understanding of the condition of the features within the network (DEFRA, 2018b). 
Substantial work is also required to understand and quantify environmental interactions between mariculture developments and feature within MPAs, and to quantify uncertainty when extrapolating from one MPA to another (IUCN, 2020).

[bookmark: _Toc49586340]5.2.5) Transformative policies and approaches for enabling sustainable mariculture development in and around MPAs
There is a long history of sustainable management of mariculture in MPAs through the use of Regulating Orders and Several Orders and Byelaws administered by the IFCAs (Seafish, 2016). However, the development of new mariculture sites in and around MPAs is highly challenging due to the precautionary approach currently taken to protect all designated features from significant adverse effects.
Transformative policies and approaches for enabling sustainable mariculture development in and around MPAs will hinge on differentiating sites and constituent features based on their conservation importance and sensitivities to different forms of mariculture. This will allow for the sharing of space within compatible sites, sub-zones and/or peripheral buffer zones (i.e. Allocated Zones for Aquaculture ‘AZA’ and Allowable Zones of Effect ‘AZEs’), in which mariculture presents insignificant risks to the achievement of MPA conservation objectives (Sanchez-Jerez et al., 2016).  
Publication of Defra’s (2012) ‘revised approach’ for the assessment and management of fishing activities in European Marine Sites represented a key milestone in policy development which is highly relevant to mariculture development (DEFRA, 2012). Rather than placing a blanket ban on fishing in MPAs, the revised approach focused on regulating activities most likely to impact on the most vulnerable sites and features, with reef features and bottom-towed gear being identified as priorities (JNCC, 2020). In areas where fishing activities are deemed to be compatible with MPAs according to DEFRA’s matrix of fishing gear types and European Marine Site protected features (Appendix 2), an ‘ecosystem-based approach’ is advocated to ensure MPA conservation objectives are met without disproportionately impacting on fishing activity (Levin et al., 2018). This can be achieved using a both a ‘zonal’ approach and ‘adaptive risk management’ (Table 3), which adapts fisheries management based on ongoing monitoring and assessment in areas where the evidence of impacts is uncertain.
 Adaptive risk management takes into account: conservation feature extent and distribution; feature condition and sensitivity to the specified activity; spatial distribution and intensity of the activity; evidence on other background pressures on conservation features; trends indicating whether features are progressing towards achieving their conservation objectives. The zonal approach is entirely consistent with whole-site ecosystem-based approach for preserving the integrity, structure and function of MPAs alongside mariculture developments (Table 3).


Despite the transformative potential of these policies and approaches, it is unlikely that the current levels/frequencies of feature condition monitoring undertaken by JNCC and Natural England will meet the necessary spatio-temporal monitoring resolution required for adaptive management or zonal management.

Table 3: Complementary elements of adaptive risk management and zonal management relating to sustainable mariculture development in and around MPAs
	Adaptive risk management
	Zonal management

	Relies on ability to monitor and detect change in order to inform adaptive measures
	Relies on ability to identify MPA zones that are compatible with different forms of mariculture

	Conduct monitoring, modelling and mapping of conservation feature extent and distribution 

	Account for the geographic coverage of habitat features within MPAs

	Gather information/evidence on feature condition and sensitivity to different forms of mariculture  

	Where possible locate mariculture activity in large areas of continuous feature rather than smaller, fragmented areas

	Gather information/evidence on activities - spatial distribution and intensity 

	Zoning should be designed in a transparent and inclusive manner engaging all stakeholders

	Determine trends – whether features are progressing towards achieving their conservation objectives

	Maintain long-term monitoring at key sites to evaluate positive and negative impacts on MPAs/ features 

	Gather information/evidence on other background pressures on conservation feature 

	Combining monitoring evidence with experiments such that decisions about changing measures through adaptation are not only made on a site by site basis.



Adaptive and zonal management represent refinements to feature-based approaches for managing MPAs and activities within them (including mariculture). All approaches require ongoing monitoring to detect changes in habitat feature condition, and to determine whether or not changes are attributable to specific activities (or background factors e.g. climate change).
 
[bookmark: _Toc49586341]5.3) Case study
[bookmark: _Toc49586342]5.3.1) Mapping of existing mariculture sites in SW England
Mapping of existing shellfish and seaweed mariculture sites in SW England has shown that over 70% of aquaculture sites are located within MPAs. Collectively these MPAs contain the full range of habitat features listed in Annex 1 of the Habitats Directive (Table 4). The majority (~90%) of sites located within MPAs were licenced prior to MPA designation. Apart from current concerns around Invasive Non-Indigenous Species (i.e. feral Pacific oysters, Magallana gigas populations in the Tamar and Yealm estuaries), mariculture operations in general in SW England have not been shown to impact negatively on MPA features. This is according to feature condition monitoring or site vulnerability assessments conducted by Natural England. Mariculture has been shown to be compatible with some designated habitat features. For example, Poole Harbour has supported a thriving shellfish mariculture industry, managed via a Several Order since 1915. Currently 24% of the Poole Habour MPA (Special Protection Area, SSSI, Ramsar Site) is leased for bottom-culture of shellfish (blue mussels, Pacific oysters, edible cockles and Manilla clams) – the development exists on sub-tidal mud, away from sensitive species and habitats such as seagrass beds (Zostera marina), peacock worms (Sabella pavonina) and internationally important populations of intertidal wading birds.
Despite the considerable precedent for the long-term sustainable operation of shellfish mariculture sites in MPAs, licencing of new aquaculture developments in these areas is impeded by rigid regulation founded on the precautionary principle (Section 5.2.1). 

Table 4: Proportion of SW Mariculture sites located within MPAs with habitat features (listed in Annex 1 of the Habitats Directive)
[image: ]


[bookmark: _Toc49586343]5.3.2) Detailed mapping of areas suitable for mariculture development along the Dorset and East Devon coastline by CEFAS
CEFAS undertook to identify and map areas best suited (and with least conflict) to specific types of sustainable marine aquaculture, within the boundaries of the Dorset and East Devon Fisheries Local Action Group (FLAG) area, extending from Beer Head to Poole Entrance, out to 6 nm limit from the coast. A comprehensive set of spatial data, from a number of different sources, was compiled for analysis, processing and mapping of aquaculture suitability extents within the area; these included a range of environmental suitability criteria taken from the Horizon 2020 ‘AquaSpace’ project (Boogert et al., 2018). Environmental variables underpinning aquaculture suitability (water depth, substrate, exposure to currents, water quality etc.) were classified in optimal, suboptimal and unsuitable ranges based on published literature. Mariculture potential was then determined for each culture species based on an appropriate culture method for the area. Where areas suitable for mariculture overlapped with other marine activities (anchorages, transport routes, leisure, communication, dredging, historical sites, sewage effluent discharges etc.), these were treated as exclusion zones, including buffer zones ranging from 0.5 to 2 km around the activity (depending on the scale of activity). Suitable areas were not excluded when they overlapped with fishing areas or MPAs; here it was assumed that developments would need to be assessed on a case by case basis.  Stakeholder consultation workshops (additional to the original project scope) were undertaken to review draft maps of areas with potential for aquaculture within the FLAG district. Feedback from these has been incorporated into both final maps of aquaculture potential available on Dorset and East Devon Aquaculture site https://www.dorsetaquaculture.co.uk/opportunities/new/map/; the CEFAS data hub http://data.cefas.co.uk/ and a final report (Kershaw et al., 2020). 
This CEFAS report adds significantly more resolution to previous work to identify areas of aquaculture potential in English waters (Heal and Capuzzo, 2019) and addresses many of the recommendations made in a critical review of the initial MMO report (Franco et al., 2017). Whilst some work has begun on clarifying the compatibilities of mariculture and MPAs, there is an ongoing recommendation for further work to define compatibilities with different habitat feature types within MPAs (Kershaw et al., 2020).
As a minimum, the distribution of habitat features within the FLAG area and individual MPAs was defined using the JNCC UKSeaMap 2018 broad-scale vector layer. Habitats included Annex 1 habitats (intertidal substrate & foreshore (mud, sand, gravel, boulders, rock); mudflats; saltmarsh; maritime cliffs & slope; coastal vegetated shingle; coastal sand dunes). In some areas the location and extent of habitat features was captured to a higher resolution by multi-beam echo sounding, drop camera, diving and remote grabbing surveys e.g. in the Lyme Bay and Torbay SAC ID UK0030372‎ (31248 ha)‎ (Munro & Baldock, 2012; Wood, 2007) and the DORset Integrated Seabed study incorporating the Studland to Portland SAC ID UK0030382 (33191 ha) https://www.dorsetwildlifetrust.org.uk/doris. 
Currently less than 0.3 % of the sea area in the East Devon and West Dorset FLAG area (to 6 nautical miles offshore) is used for aquaculture production. Notwithstanding other competing resource and planning constraints and within the resource limitations of the project, and on the basis of detailed research from best available information and modelling work reported on here; 68% of the total sea area within this FLAG sea area was found to have optimal aquaculture potential for one or more marine species and ~28% of suitable area occurs within MPAs (Figure 2). There remains a potential conflict between mariculture and fishing in most of the suitable areas identified.
Figure 2: Map of MPAs, underlying habitats and areas suitable for mariculture development
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For the purpose of defining the importance of specific sensitive habitat features within MPAs to allow for the compatibility assessment and ‘zoning’ of different forms of mariculture, detailed mapping of conservation features and areas of mariculture potential around the Portland Reefs section of the Studland to Portland SAC (surrounding Portland Bill) (Figure 3) were compiled for presentation at the multi-stakeholder workshop (Section 5.4). Portland Reef is characterised by flat bedrock, limestone ledges, large boulders and cobbles, which extend underwater to >60m. This mosaic of reef habitats are exposed to extremely strong tides, currents and wave action, and support a diverse range of marine life, including Mussel (Mytilus edulis) beds and kelp (Laminaria and Saccharina forests (Cork et al., 2008), (Dewey et al., 2011), (Natural England, 2009). 
In the FLAG mapping exercise, reef habitats were considered to be vulnerable marine ecosystems within the Natura 2000 sites (SACs or SPAs), which are restricted to towed demersal fishing gear according to Marine Spatial Planning guidelines https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/841305/191023_MMO1172_Evaluation_of_MPA_Measures_publication.pdf. Reef areas were excluded from areas defined for aquaculture potential, which instead focused on subtidal sand and gravel (which are not restricted to towed demersal fishing gear). 
The concept of deploying mariculture methods, for example, farming of blue mussels, or kelp, in zones occupied by these habitat features within MPAs was discussed at the multi-stakeholder workshop. The need to define acceptable thresholds (benchmarks) for assessing the sensitivity of mariculture practices to reefs was highlighted. Comparative benchmarking could be taken from work undertaken on shellfish potting, which has been shown to have minimal impact on reefs in the Lyme Bay SAC (Rees et al., 2019). 

Figure 3: Mapping of habitat features and areas suitable for mariculture development around Portland Reef
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[bookmark: _Toc49586344]5.4) Multi-stakeholder workshop
Stakeholder consultation during the workshop was based around four illustrative case studies. Case studies focused on SW England and were used to emphasise the evidence and planning issues that need to be addressed to allow for mariculture development across England. Key points are summarised below and reported in detail separately (Daniels et al., 2020).
[bookmark: _Toc49586345]5.4.1) Case study 1: Seafood 2040 - The English Aquaculture Strategy
Seafood 2040 provides a strategic framework for sustainable seafood production and consumption in England (SeaFish, 2017), which will be delivered in part through the English Aquaculture Strategy. This strategy will focus on establishing clear channels of communication between marine users (industry and domestic stakeholders) and regulators, in order to ensure that aquaculture development is environmentally and socially sustainable. Mariculture has the potential to restore and enhance marine environments if appropriately located, as well as contribute to local economies. Evidence to demonstrate this potential is required for novel and emerging aquaculture developments, and this may be provided by pilot projects and test beds, though the temporal and spatial scale of these projects and therefore their relevance may be limited. The ability to extrapolate from one area or test bed to another also needs to be considered. 
A general conclusion from Case Study 1 was that regulation needs to be adapted to better facilitate mariculture development; a clearer, simpler regulatory process and more human resources are required to allow this to happen.

[bookmark: _Toc49586346]5.4.2) Case study 2: Sustainable mariculture development - sharing sea space, avoiding conflict & protecting the environment
The Inshore Fisheries and Conservation Authorities (IFCAs) are responsible for managing sustainable development of mariculture and fisheries within their given districts.  The Devon and Severn district is a hive of marine activity, over 1000 permits are issued to commercial and recreational fishermen and there is a squeeze on additional fishing opportunities. New mariculture licences require a thorough assessment of potential conflict and the absence of this information can slow down regulatory processes. To combat this, the IFCA is developing a mariculture strategy that takes into account all influencing factors and evidence on existing space use within the Devon and Severn district. Central to the strategy is the incorporation of up-to-date spatial maps that can be used to highlight opportunities for sustainable development without increasing conflict with other users. These include a potential aquaculture park within Torbay, and other areas within North Devon where there is less fishing pressure. 
There is an opportunity for aquaculture businesses to engage with members of the fishing industry early on in order to strengthen applications. Importantly, any developer should to try and engage with local fishers to evidence how they can benefit from the site rather than risk removing fishing opportunities. Remaining transparent and keeping an open mind on how the two industries can integrate is essential.
[bookmark: _Toc49586347]5.4.3) Case study 3: Mariculture developments in and around MPAs in England
There is an urgent need to reconcile sustainable development with nature conservation and – in the case of mariculture – understand the impacts and ecosystems services associated with novel and emerging approaches. In SW England over 70% of aquaculture sites are located within MPAs, with sites being zoned to ensure that sensitive habitat features are unaffected. For example, 24% of the Poole Harbour Special Area of Conservation is leased for bottom-aquaculture – the development exists on sub-tidal mud, where activities don’t interfere with wading birds, and they are away from sensitive species and habitats such as seagrass beds and peacock worms. The presence of sensitive marine habitat features can influence the decision to permit a new aquaculture development. 
There is a need to understand impacts of mariculture on habitat features, to ascertain where positive and negative impacts may occur. Such data can be used to create a risk matrix with detailed mapping in order to identify areas that are compatible with mariculture development. With this in place, it will be possible to complete relatively rapid assessments of new developments and start developing general rules for initial screening of license applications in and around marine protected areas.

[bookmark: _Toc49586348]5.4.4) Case study 4: Regulatory processes for aquaculture
Mariculture licensing sits under Section 66 of the Marine and Coastal Access Act. The licensing process is managed by the Marine Management Organisation (MMO) and includes a number of stages, starting with initial scoping and consideration of impacts on fisheries and other uses of the area, to sensitive sites and archaeological remains. Fish and shellfish mariculture require Environmental Impact Assessment (EIA) screening, whereas the culture of algae is exempt, but licence applications can still be refused on environmental grounds. Applications up to 1 nautical mile from shore, must submit Water Framework Directive Assessment. Furthermore, a Habitats Regulations Assessment is required to assess potential impacts on all conservation features within European Marine Sites. The MMO are moving towards plan-led licensing, with remaining marine plans to be adopted by 2021. 
The MMO’s ‘Explore Marine Plans’ tool (https://www.gov.uk/guidance/explore-marine-plans) can be used to locate strategic sites for sustainable aquaculture development in England’s coastal waters. The tool is being further developed to include a broader range of environmental constraints, such as water quality, nutrient load and primary productivity. However, additional spatial resolution and specificity are needed for optimising the use of marine space i.e. distinguishing areas that are suitable for different forms of aquaculture (Kershaw et al., 2020).
[bookmark: _Toc49586349]6) CONCLUSIONS 

· There is considerable potential to develop mariculture in England, as an environmentally sustainable form of food production, however this is restricted by the limited available marine space, particularly in territorial coastal waters, due to extensive MPAs, fishing areas, and other coastal users. 
· Shellfish and seaweed mariculture, which utilise natural sources of plankton and nutrients, are compatible with some habitats/ conservation features within MPAs. Mariculture techniques for  finfish currently adopted in the UK are less compatible with MPAs, due to the use and potential impact of fish feed and veterinary medicines. 
· The majority (>70%) of mariculture (predominantly shellfish mariculture) sites in SW England are located within MPAs and have been shown over time (in some cases for over 100 yrs) to be: 
· Compatible with some habitat features e.g. mud, sand and gravel habitat (having negligible impact on their condition);
· Sustainably and efficiently managed through a range of fisheries orders and byelaws. 
· Habitat features which are considered less compatible with mariculture include reefs, which are classified as vulnerable marine ecosystems in Marine Spatial Plans. The use of towed demersal fishing gear is restricted around these features, but there is accumulating evidence of negligible impact from deployment of static gear, such as crab pots, which are more comparable to suspended mariculture systems. 
· Current levels of feature condition monitoring (for assessing MPA status) are generally insufficient for traditional feature-based and alternative zonal ecosystem-based licensing and management of mariculture sites. 
· Clearer specification of what constitutes a significant adverse effect on MPA feature condition is required, as well as more accurate tools for quantifying the contribution of mariculture developments towards any (cumulative) adverse effects.
· Licencing of new mariculture sites within MPAs is impeded by traditional precautionary feature-based conservation approaches.

[bookmark: _Toc49586350]
7) RECOMMENDATIONS 
Licencing of new mariculture sites should be based on zonal ecosystem-based approaches, as advocated in DEFRA’s 25 year plan.
To help identify Allocated Zones for Aquaculture in England’s intensely crowded coastal waters, including within MPAs The following tools need to refined and applied: 
· Habitat feature-based sensitivity matrices for prospective assessment of the suitability of different types of marine aquaculture:
· Feature-specific risk assessment should be refined, building on Natural England’s (generic) risk matrices and environmental monitoring data from existing sites quantifying aquaculture  MPA feature interactions. 
· General rules for the screening of proposed marine aquaculture developments should be established, based on learning gained from risk matrices and environmental monitoring data.
· Adaptive risk management of ongoing aquaculture developments (pilot studies) and operations: 
· Marine aquaculture developments and site operations in and around MPAs should be informed by evidence gathered from ongoing monitoring of habitat features in relation to planned and implemented aquaculture activities. 
· Comparing evidence from monitoring of aquaculture sites and reference sites (e.g. HRA sites) will help elucidate trends in feature condition and impacts from other (background) pressures.
· Tools quantifying ecosystem service benefits provided by different forms of marine aquaculture, including habitat provisioning, coastal protection, nutrient regulation, carbon sequestration.
· A transparent decision making framework (informed by the above tools) for regulators and prospective marine aquaculture licensees (see Daniels et al., 2020; SeaFish, 2020).
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APPENDIX 1: Consultation with CEFAS, Natural England and IFCA on 20 February 2020
Developing ‘generic rules’ and targeted advice to facilitate marine aquaculture (mariculture) development around MPAs in SW England
Project scoping/planning meeting with Roger Covey (Natural England), Keith Jeffery (CEFAS), Charles Tyler and Ross Brown (University of Exeter/ SAF). 
Outline
This is a 2 month pilot/seed corn project proposal, recently submitted to Research England’s Strategic Priorities Fund.  The intention is that it will provide a proof of concept (based around the Dorset and East Devon Fisheries Local Action Group (FLAG) area, mapped by CEFAS (2020) that could lead to larger scale project(s) funded via the Seafood Innovation Fund (SIF) and/or Maritime and Fisheries Fund (MFF).
Project elements
1) Initial consultation with policy partners – consult with stakeholders up front to collate all relevant info, risk assessment/sensitivity/suitability matrices and mapping tools which can be used as a basis for facilitating aquaculture development around MPAs.

Action - All to add names of key stakeholder to Appended list. Invite all stakeholders to a workshop during the project – timing to be agreed.
· Risk assessment matrix should be based on the Marine Evidence based Sensitivity Assessment (MarESA) https://www.marlin.ac.uk/sensitivity/sensitivity_rationale CEFAS contact for environmental suitability matrices – Richard Heal.
· Mapping will be based on the high res’ mapping of Dorset and East Devon FLAG area, incl. additional detail on the location of key conservation features within MPA habitats. CEFAS contact for mapping – Paulette Posen.
Action - Keith to forward mapping report, once approved by Sara Cattahan and Ruth Allin.

2) Compile a generic matrix indicating the sensitivity to aquaculture for habitats and designated conservation features within MPAs in the FLAG area
· Initial (generic) assessment of habitats and designated (sub)features will be made using Marine Evidence based Sensitivity Assessment (MarESA). https://www.marlin.ac.uk/sensitivity/sensitivity_rationale
· The assessment will incorporate:
· CEFAS’s matrix assessment of the feasibility of aquaculture operations based on environmental conditions (e.g. substrate and bathymetry) across the FLAG area
· Natural England’s ‘Advice on Operations System’, which includes advice on the sensitivity of designated site features and sub-features to Seaweed, Shellfish and Finfish aquaculture operations. https://designatedsites.naturalengland.org.uk/
· MMO’s Matrix of fisheries gear types and European marine site protected features. https://www.gov.uk/government/publications/fisheries-in-european-marine-sites-matrix
· Development and application of risk assessment methodologies incl. Retrospective Habitat Risk Assessments and zoning e.g. the Williamsburg Resolution relating to aquaculture and fish movements. http://www.nasco.int/pdf/far_aquaculture/AquacultureFAR_EnglandWales.pdf
· The assessment will also identify where there is insufficient evidence to assess sensitivity for specific conservation (sub)features and aquaculture operations.

3) Search for missing evidence relating to mariculture-MPA interactions in the FLAG area
· Undertake a targeted literature search for evidence following MarESA guidelines (Tyler-Walters, 2018). These sensitivity assessments are generic and NOT site-specific.  They are based on the likely effects of a pressure on a ‘hypothetical’ population in the middle of its ‘environmental range’ taking into account the magnitude and duration of the pressure in relation to pressure benchmark levels.
· Begin to quantify positive/synergistic (as well as negative) interactions of aquaculture operations and habitats and (sub)features.

4) Undertake site-specific assessments of the sensitivity of selected MPAs and (sub)features to possible (technically feasible) aquaculture operations in the FLAG area 
· Cover a range of MPAs and (sub)features – varying in complexity from single to multiple habitats and species of conservation concern.
· Take into account spatial extent and continuity of MPAs and (sub)features – using detailed mapping of MPAs and (sub)features (from CEFAS mapping of the FLAG area).
· Take into account spatial scales (and temporal scales including recoverability) of interactions with aquaculture systems.
5) Establish generic rules/ targeted advice for types and extent of mariculture development around MPAs 
· Extend Natural England’s ‘Advice on Operations System’ for aquaculture.
· Include advice/rules on permissible overlapping zones versus non-overlapping buffer zones.

6) Hold workshop to analyse results with partners and selected stakeholders, including DEFRA

7) Produce a policy brief (publish as a short communication)






APPENDIX 2: Matrix of fishing gear types and European Marine Site protected features

See Fisheries in EMS Matrix: 
https://www.gov.uk/government/publications/fisheries-in-european-marine-sites-matrix

Under DEFRA’s revised approach prioritisation of fisheries management in European Marine Sites 12 within nautical miles of the coast will be achieved by the use of a ‘Matrix of fisheries gear types and European marine site protected features’ in which the vulnerability of habitats/features (e.g. Intertidal and subtidal chalk reef) is assessed for different fishing activities.

MATRIX CATEGORIES:
RED - conservation objectives will not be achieved because of sensitivity to a type of fishing irrespective of feature condition, level of pressure, or background environmental conditions
AMBER	- doubt as to whether conservation objectives for a feature will be achieved because of its sensitivity to a type of fishing, in all sites where that feature occurs – site-specific assessment and appropriate management required.
GREEN	- achievement of the conservation objectives for a feature is highly unlikely be affected by a type of fishing activity, in all sites where that feature occurs, further action is not likely to be required, unless there is the potential for in combination effects.
BLUE - For gear types where there can be no feasible interaction between the gear types and habitat features, a fourth categorisation of blue is used, and no management action should be necessary.
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Figure 1:Current barriers to growth facing the aquaculture sector in
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