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Foreword 

The development and success of the Lyme Bay Fisheries and Conservation Reserve has been 

achieved through a combination of statutory and voluntary management measures over the last 

decade or so. The initial statutory closure of 60 square miles of Lyme Bay to bottom-towed gear in 

2008 was successful in preventing fishing practices destructive to the extensive reef habitats within 

the designated area but did initially result in a significant increase in the use of static gear by inshore 

vessels within the closed area. 

The Blue Marine Foundation (BLUE) became involved in Lyme Bay in 2011 and set about to address 

ǘƘŜ ƭŜǾŜƭǎ ƻŦ ǎǘŀǘƛŎ ƎŜŀǊ ŦƛǎƘƛƴƎ ǿƛǘƘƛƴ ǘƘŜ ǊŜǎŜǊǾŜ ǘƘǊƻǳƎƘ ǘƘŜ ŦƻǊƳŀǘƛƻƴ ƻŦ ǘƘŜ ƛƴŎƭǳǎƛǾŜ Ψ[ȅƳŜ .ŀȅ 

/ƻƴǎǳƭǘŀǘƛǾŜ /ƻƳƳƛǘǘŜŜΩ ǘƻ ŘŜǾŜƭƻǇ ŀ ǎŜǊƛŜǎ ƻŦ ǾƻƭǳƴǘŀǊȅ ōŜǎǘ-practice management measures that 

fishermen could sign up to and also benefit from. In addition, collaborative research projects with 

Plymouth University and Succorfish have investigated the levels of potting that are sustainable 

within the reserve and succesǎŦǳƭƭȅ ǘǊƛŀƭƭŜŘ ǘƘŜ ǳǎŜ ƻŦ ŀ ΨŦǳƭƭȅ ŘƻŎǳƳŜƴǘŜŘ ŦƛǎƘŜǊȅΩ ŦƻǊ ƛƴǎƘƻǊŜ ǾŜǎǎŜƭǎΦ 

The evaluation framework presented within this report sets out to show whether the management 

measures implemented in Lyme Bay have had an effect on the provision of ecosystem services and 

the well-being of local fishermen. Overall it is clear that closure of the area to mobile fishing gear has 

enabled important habitats to recover which in turn has supported increased catches of shellfish. 

Further management and support measures agreed through the Consultative Committee have 

clearly been successful in improving the well-being for those fishermen directly involved in the 

project. Measures such as installing chiller units in ports for maintaining fresh catches and the 

development of ΨwŜǎŜǊǾŜ {ŜŀŦƻƻŘΩ ǘƻ ǎŜƭƭ ǎǳǎǘŀƛƴŀōƭȅ-sourced fish and shellfish at a premium have 

both been very successful and popular with the local fishers involved. Indeed fishermen interviewed 

for this study strongly agreed that these two measures have benefitted their livelihoods. 

The success of the voluntary management measures has continued to grow since the information 

was collected for this study in autumn 2015. Support from local fishermen and other stakeholders 

who have participated in the project has been high. Indeed one local environment group has stated 

ǘƘŀǘ ǘƘŜ [ȅƳŜ .ŀȅ CƛǎƘŜǊƛŜǎ ŀƴŘ /ƻƴǎŜǊǾŀǘƛƻƴ wŜǎŜǊǾŜ ƛǎ ŀ ΨǾƛǘŀƭ ŦƭŀƎǎƘƛǇ ǇǊƻƧŜŎǘ ŦƻǊ ƳŀǊƛƴŜ 

ŎƻƴǎŜǊǾŀǘƛƻƴ ƛƴ ǘƘŜ ¦Y ŀǎ ŀ ǿƘƻƭŜΩΦ Lǘ ƛǎ ǘƘŜǊŜŦƻǊŜ ƛƳǇƻǊǘŀƴǘ ǘƘŀǘ ǘƘŜ ƛƴƛǘƛŀǘƛǾŜ ƛǎ ƳŀƛƴǘŀƛƴŜŘ ŀƴŘ Ŏŀƴ 

continue to provide benefits for the local marine environment and the people that rely on it. Equally 

the successful approach developed for Lyme Bay can be used as a model for marine conservation 

ŀƴŘ ǎǳǎǘŀƛƴŀōƭŜ ŦƛǎƘƛƴƎ ŦƻǊ ƻǘƘŜǊ ǇŀǊǘǎ ƻŦ ǘƘŜ ¦YΩǎ ŎƻŀǎǘƭƛƴŜΦ ¢Ƙƛǎ ƛǎ now being planned as part of 

.[¦9Ωǎ ¦Y ǎǘǊŀǘŜƎȅ ŀƴŘ ǿƻǊƪ ǇǊƻƎǊŀƳƳŜΦ 

 

Tim Glover, 

UK Projects Director, 

Blue Marine Foundation, 

London. 
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1 Executive Summary 

 

In this study we present an evaluation framework that integrates ecosystem services and human 

wellbeing indicators to measure the impacts of: 1) management measures directly associated with 

the Lyme Bay Fisheries and Conservation Reserve and 2) partnership activities associated more 

broadly with the Lyme Bay Consultative Committee on Lyme Bay resource users.  

Lyme Bay has been noted as being an area of ΨƘƛƎƘ ǎǇŜŎƛŜǎ ǊƛŎƘƴŜǎǎ ǘƘŀǘ ƛƴŎƭǳŘŜǎ ǊŀǊŜ ŀƴŘ 

threateneŘ ǎǇŜŎƛŜǎΩ(Hiscock, 2007). Habitats of conservation importance include reefs, seagrass 

beds and subtidal muds. Species of conservation importance in Lyme Bay such as the Pink Sea Fan 

Eunicella verrucosa, are indicators of a structurally complex ecosystem, free from physical 

disturbance. These habitats and species interact to support the delivery of several ecosystem 

processes (e.g. primary and secondary production, formation of species habitat) and ecosystem 

services (e.g. fish for food) within Lyme Bay.  

The protection of the reef habitat from bottom towed gear, firstly via voluntary management 

measures (10km2) then via a 206km2 Statutory Instrument (SI closure or closed area), from central 

government (Defra) in 2008; and finally via byelaws implemented by the Southern Inshore Fisheries 

and Conservation Authority (IFCA) and Devon and Severn IFCA to protect 236km² of Habitats 

Directive 92/43/EEC Annex I reef features in Lyme Bay, within a 312km Site of Community Interest 

(SCI) that aims to conserve the reef and associated reef species. Such conservation measures are 

underpinned by a motive to ensure security of supply for linked ecosystem services. The 

combination of the SI closure and the SCI form the boundary of the Lyme Bay Fisheries and 

Conservation Reserve, termed in this report as the Lyme Bay Reserve.  

In 2011, a non-governmental organisation (NGO), the Blue Marine Foundation, formed a pro-active 

working group for the Lyme Bay Reserve, which led to the implementation of more specific MPA 

management measures. An initial Memorandum of Understanding (MoU) was developed, to be 

signed by all parties involved in the Lyme Bay Fisheries and Conservation Reserve, including local 

fishermen, conservation agencies, scientists, IFCAs and MMO representatives. The MoU established 

the basis for the Working Group (now the Lyme Bay Consultative Committee (LBCC)) for members to 

promote and implement best practice in fishery and conservation management. Fishery and 

conservation management actions included a voluntary Code of Conduct proposed as a means of 

achieving effective management to maintain sustainable fishing practices within the Lyme Bay 

Reserve. The code of conduct included voluntary measures including the fitting of iVMS (real-time 

monitoring) systems and caps on the volume of fishing gear deployed by vessels within the Lyme Bay 
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Reserve. Wider partnership activities by the LBCC included development of new markets and 

branding, investment in post-harvest icing infrastructure, and knowledge-sharing and training 

activities. A scientific research project, conducted by a PhD study at Plymouth University, has also 

been designed and undertaken with the input of fishermen to test the sustainability of potting 

techniques Many of the activities linked to the LBCC have involved public outreach with educational 

displays at public events and local fishermen providing talks to schools on fishing activities and 

commercial species. 

Since the initial SI closure in 2008, ecological data have been collected annually by academics from 

Plymouth University. The results demonstrate that there have been positive responses for species 

richness, total abundance and assemblage composition for seven out of thirteen indicator taxa 

(Attrill et al, 2012, Sheehan et al., 2013). These species were found in greater abundance on reef 

habitat and pebbly-sand habitat in areas closed to bottom-towed fishing compared to those where 

such fishing continues. Collection of socio-economic data has been more limited, confined to the 3 

years post SI closure. Initial results demonstrated that there had been displacement of the mobile 

(towed) gear fleet and permitted commercial fishing activities had proliferated within the SI closure 

(Mangi et al., 2011), and recreation participants and providers had increased their use of the area 

(Rees et al., 2010c, Rees et al., 2015). 

This research, commissioned by the Blue Marine Foundation, aims to evaluate the impact of the 

management measures that form the Lyme Bay Reserve and the partnership activities of the LBCC 

on Lyme Bay resource users. An evaluation framework has been designed for the purposes of this 

project in the following parts:  

¶ A review of published research to identify links between the ecology of the case study area 

and potential ecosystem services (e.g. food, recreation) and measures of human wellbeing; 

¶ A multi-stakeholder workshop to identify key indicators of impact on important ecosystem 

services and aspects of human wellbeing; 

¶ A synthesis of existing secondary data on fishing activity and landings in Lyme Bay from 

2005-2014; 

¶ Primary data collection involving a survey of fishermen to assess the impacts of the 

management measures associated with the Lyme Bay Reserve and the activities of the LBCC 

on human wellbeing; and  

¶ An evaluation, providing a confidence rating to assess if each indicator and the wider 

agreement of evidence can accurately reflect the impact of management measures and the 

activities of the LBCC. 

The results show that the habitats and species of Lyme Bay interact to support the delivery of 

several ecosystem processes (e.g. primary and secondary production, formation of species habitat) 
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and ecosystem services (e.g. fisheries (for food) and provision of recreation opportunities). Given the 

short timescale of the project (6 months) it was agreed at a stakeholder workshop that the beneficial 

ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜ ƻŦ ΨŎƻƳƳŜǊŎƛŀƭ ŦƛǎƘŜǊƛŜǎΩ ǿƻǳƭŘ ōŜ ǘƘŜ ŦƻŎǳǎ ƻŦ ǘƘƛǎ ǊŜǎŜŀǊŎƘΦ ¢ƘŜ ǎǘŀƪŜƘƻƭŘŜǊ 

group agreed a set of indicators most suitable for assessing changes in delivery of ecosystem service 

benefits of commercial fisheries. These comprise both broad and fine scale indicators:  

Broad scale indicators to evaluate the impacts of management measures and the activities of the 

LBCC inside and outside the Lyme Bay Reserve. 

¶ Landings data from species which are associated with the reef habitat at some point in their 

life history.  Landings data from ICES rectangles 30E6 and 30E7. 

¶ Catch per Unit Effort (CPUE) of commercial species and fisheries supported by reef 

ecosystem1. 

¶ Composition of the fishing fleet. 

¶ Fisher employment and new entrants to the industry. 

Fine scale indicators to evaluate the impacts of management measures and the activities of the LBCC 

on fishermen who either fish in the Lyme Bay Reserve (static gear) or have been displaced from the 

Lyme Bay Reserve (mobile gear). 

¶ Income/profit. 

¶ Past and future investment in the industry. 

¶ Existing and preferred sales strategies. 

¶ Subjective economic wellbeing (income satisfaction). 

¶ Subjective social wellbeing (job satisfaction, conflict). 

¶ Subjective health and wellbeing (stress). 

¶ Number of prosecutions (IFCA patrol time) 

¶ Self-reported compliance. 

¶ Support for the MPA. 

¶ Support for the LBCC and perceptions on whether specific activities had delivered benefits. 

¶ Indicators of outside events (wider influences), including; 

¶ Fuel prices changes 

¶ Quota changes 

¶ Weather events (frequency of storms and adverse weather) 

To evaluate whether the broadscale and fine scale indicators accurately reflect the impact of 

management measures and the activities of the LBCC, a confidence rating is applied which combines 

                                                           
1
 Calculation of CPUE was not possible due to sensitivity regarding landings linked to the vessel Port Letter and 

Number (PLN). Changes in effort linked to management measures and the Lyme Bay Consultative Committee 
have been analysed from the landings data and interpreted as the mean number of vessels per month and the 
mean number of trips per month from vessels making landings from inside and outside the Reserve from ICES 
Statistical rectangles 30E6 and 30E7. 
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an assessment of the quality of the indicator based on the data source and known limitations of the 

data, with the level of agreement in the evidence e.g. statistical analysis, divergent perspectives in 

qualitative data. 

Analysis of the broadscale indicators demonstrates that, in the UK as a whole, there is a national 

trend of decline in the number of both under and over 10 metre vessels registered. The number of 

under 10 metre vessels registered to ports in the wider Lyme Bay region has declined in the 10 year 

period, from 201 vessels in 2005 to 191 vessels in 2014, supporting this national trend. The number 

of under 10 metre boats registered to ports within the Reserve boundary has not declined, nor has 

the number of over 10 metre boats registered to ports both inside and outside the Reserve. There is 

however, low confidence that this indicator reflects impact that can be attributed directly to 

management or partnership activities. 

Between 2005 and 2014 there has been a significant increase in fishing effort for both vessels using 

mobile gear (outside) and vessels using static gear types (inside and outside). This indicator is 

supported by on the ground observations from local fishermen.  Landings of whelk Buccinum 

undatum dominate the catch for static gear fishermen operating both inside and outside the Reserve 

though weight of landings appears to be declining. High whelk Buccinum undatum landings may 

reflect changes in static fishing effort due to the Reserve management measures, but are also 

influenced by the presence of market demand and related value. Declining weight of landings may 

also reflect the impact of growth overfishing rather than effort overfishing.  

The management measures associated with the Reserve have had significant impacts on static gear 

fishermen operating inside the Reserve in terms of increases in mean monthly landings (weight and 

value, mean per vessel per month) for crab Cancer pagarus and scallops Pecten maximus (SCUBA 

dive caught). Cancer pagarus and Pecten maximus are both species that are associated with the 

protected reef habitat (Annex 1 bedrock reef and stony reef) suggesting that management measures 

may be beneficial for the associated fishery. Thus, there is higher confidence that these indicators 

accurately reflect the impact of management measures introduced since 2005.  Values of Cancer 

pagarus and Pecten maximus (diver caught) landed from vessels using static gear inside the Lyme 

Bay Reserve are also significantly higher between 2011- 2014 when compared to the years preceding 

and immediately following the 2008 SI closure. This suggests that a significant change in catch value 

has been achieved in these latter years as a result of increased landings and the potential influence 

of the LBCC on the local fishery. There is greater confidence in this relationship for Pecten maximus 

than for Cancer pagarus as national fisheries statistics show landings (weight and value) of crab to 

ports in England by UK vessels have increased between 2009 and 2015, suggesting changes in Lyme 
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Bay may be within this national trend (Elliott, 2014). Landings (weight and value) of scallops into 

England by UK vessels have, however, decreased between 2009 and 2014, the period when the 

greatest increase in landings from within Lyme Bay Reserve (mean per vessel per month) occurred 

(Elliott, 2014). 

Mobile gear fishermen who were displaced from the original SI closure have experienced negative 

effects of the management measures to create the Reserve. There has been a significant increase in 

effort required from this fleet to achieve comparable (pre Reserve) landings and value. There is only 

a medium confidence in this indicator as the limitations of the data from the ICES statistical 

rectangles do not show where the displaced vessels have gone to replace their income. The 

significant increase in landing of species associated with static fishing methods by fishermen who 

predominantly use mobile gear suggests increasing diversification of this fleet. 

Analysis of fine scale indicators show changes in key aspects of well-being over time (2005-2015) and 

differences among static fishermen (those involved in the LBCC or not) and between static and 

mobile gear fishermen. For static gear fishermen involved in the LBCC partnership activities, job and 

income satisfaction were high and have increased marginally in the last ten years. Perceived levels of 

stress and conflict were low and have decreased over the last ten years. This group of static  gear 

fishermen identified the SI closure and LBCC activities as the two most beneficial events, with gear 

conflicts prior to 2008 and poor weather in 2014-2015 as the two most negative events. This group 

were strongly supportive of the SI closure and the LBCC, and ranked the perceived benefits of 

partnership activities very highly, in particular the additional icing infrastructure and the ΨReserve 

SeafoodΩ brand. Data on existing and preferred sale strategies showed that: 1) between 18-38% of 

the catch of static fishermen is sold locally, compared to only 5% of the catch of mobile vessels; ii), 

on average 15% of the catch of static fishermen involved in LBCC partnership activities is now sold as 

ΨReserve SeafoodΩ at a premium directly to London, and; iii) that fishermen are interested in 

expanding local and ΨReserve SeafoodΩ sales as, according to fisher testimony, these improve prices.  

For static gear fishermen not involved in the LBCC partnership activities, job and income satisfaction 

are also high but have decreased or remained steady over the last ten years. Perceived levels of 

stress are moderate and have increased marginally over the last ten years. Perceived levels of 

conflict were moderate but have decreased to low levels in the last ten years. Many of these 

fishermen were initially negatively impacted by the SI closure in 2008 but, having fully converted to 

static gears, now experience the benefits of the Reserve. Poor weather in 2014-2015 and low quotas 

were the two most important negative events. This group of fishermen were only moderately 

supportive of SI closure and showed very low support for the LBCC, although there was large 
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variation within the group. Fishermen explained these results by the loss of trust during the 

implementation of the 2008 SI closure and continued reservations over a lack of broad 

representation in the LBCC and concerns over its role relative to other recognised management 

authorities, namely the Inshore Fisheries and Conservation Authorities. 

For mobile gear fishermen job and income satisfaction are moderate and have decreased in the last 

ten years. Fishermen experienced a sharp decline into negative wellbeing in 2008 but have had 

steadily rising levels of job and income satisfaction since. Perceived levels of stress and conflict are 

also moderate and have increased over the last ten years, primarily in 2008 with a steady decline 

since. On average across the ten year period mobile gear fishermen had lower levels of job and 

income satisfaction and higher levels of perceived stress and conflict than the static gear fishermen. 

This group of fishermen showed very low levels of support for the both the SI closure and the LBCC 

largely due to a perception that the consultation process to establish the 2008 SI closure was flawed 

and the outcome unfair for the mobile sector, particularly in the context of ever declining quota. 

Given low levels of support from some static and mobile fishermen, perceived non-compliance was 

reported to be lower than expected and on a downward trend. 

The annual income of static gear fishermen from fishing is on average £15,000. The annual income 

of mobile gear fishermen from fishing is on average £22,500 for half the group and £100,000+ for 

the other half of the group revealing large income disparities within the sector. Over the last ten 

years most fishermen across all sectors have invested in their fishing business, and over a third of 

those we sampled plan to invest further in the near future, with high confidence that future 

investments will be sufficiently profitable. This investment is encouraging for the fishing industry in 

Lyme Bay given a wider national context of declining fisheries.  

When considered against the much broader UK picture of fleet reduction, quota changes and 

increased storminess that can reduce time ŀǘ ǎŜŀ ŀƴŘκƻǊ ƛƴŎǊŜŀǎŜ ΨǊƛǎƪΩ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŦƛǎƘƛƴƎΦ ¢ƘŜǊŜ 

are a number of key recommendations for future management of the Lyme Bay Reserve:  

¶ Monitoring and management of the whelk fishery including continued consultation on best 

management practices to protect income related benefits. 

¶ Monitoring and management of fishing effort for species which are associated with the 

(protected) reef habitat (e.g. scallop and crab) with consultation on sustainable limits to 

ensure security of future supply. 

¶ Management and support for fishermen who wish to take advantage of the high value (non-

quota) species that are associated with the reef habitat. 

¶ Monitoring and management of scallop landings within the Reserve. Combined with 

ǊŜǎŜŀǊŎƘ ƻƴ ǘƘŜ άǎǇƛƭƭ-ƻǾŜǊέ ŜŦŦŜŎǘ ƻŦ ǘhe Reserve. 
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¶ !ǘǘŜƴŘ ǘƻ ΨƘƛŘŘŜƴΩ ŀǎǇŜŎǘǎ ƻŦ ǿŜƭƭōŜƛƴƎΣ ǎǳŎƘ ŀǎ ǎǘǊŜǎǎΣ ŀƴȄƛŜǘȅ ŀƴŘ ŀǎǎƻŎƛŀǘŜŘ ƛƭƭ-health 

during times of significant regulatory change, particularly in the context of widespread 

conservation and marine planning in the UK. 

¶ Strengthen existing structures and develop further opportunities to support fisher 

involvement in future management across all gear types in Lyme Bay to mainstream 

collaborative management with the IFCAs at the local level.  

¶ Develop initiatives to further boost income and tackle income inequality in the Lyme Bay 

fishery, including expanding local markets and the ΨReserve SeafoodΩ brand, and tackling the 

buying up and leasing of quota by corporations rather than owner-operators.  

¶ Consider expanding the breadth of engagement of the LBCC across both static and mobile 

sectors to include fishermen outside of the main focal ports of Lyme Regis, Beer, Axmouth 

and West Bay. 
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2 Introduction 

2.1  Marine ecosystems and human wellbeing 

Marine ecosystems provide a number of essential functions, such as primary production and climate 

regulation, which underpin life on earth (Millennium Ecosystem Assessment, 2005). The Millennium 

Ecosystem Assessment identified four categories of ecosystem services that flow from these 

ecosystem functions: Provisioning services that supply material resources; regulating services that 

control ecological systems; cultural services that provide non-material aesthetic, spiritual and 

recreational benefits; and supporting services that provide the basic ecological functions and 

structures that underpin all other services, such as primary production, biodiversity, oxygen 

production, soil formation and nutrient cycling (Millennium Ecosystem Assessment, 2005). The 

Economics of Ecosystems and Biodiversity (TEEB) project builds upon the MEA classification, 

distinguishing between the core ecosystem processes that support beneficial ecosystem processes, 

which in turn deliver beneficial ecosystem services in the form of material or non-material benefits 

for human well-being (Figure 1) (Balmford et al., 2008). These ecosystem services form the 

constituent parts essential to maintain human wellbeing (e.g. food and nutritional security). As such, 

these services benefit humankind. The development of conceptual models (Figure 1) to translate the 

complexity of ecosystem functions into beneficial ecosystem services has made it possible to 

explicitly link society and human wellbeing with ecological systems (Balmford et al., 2008). This 

explicit linkage between the two parts is often referred to as the social-ecological system 

(Armsworth et al., 2007, Curtin and Prellezo, 2010).  
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Figure 1 Links between ecosystems and human well-being (adapted from Balmford et al. (2005) and TEEB (2008) 

IǳƳŀƴ ǿŜƭƭōŜƛƴƎ ŀǇǇǊƻŀŎƘŜǎ ƳŜŀǎǳǊŜ άƘƻǿ ǿŜ ŀǊŜ ŘƻƛƴƎ ŀǎ ƛƴŘƛǾƛŘǳŀƭǎΣ ŀǎ ŎƻƳƳǳƴƛǘƛŜǎ ŀƴŘ ŀǎ ŀ 

ƴŀǘƛƻƴέ ƛƴ ǘŜǊƳǎ ƻŦ ǿƘŀǘ ƳŀǘǘŜǊǎ ǘƻ ǳǎ (OECD, 2013). The approach offers a broader set of impact 

indicators than conventional socio-economic frameworks, and so can capture important but 

intangible issues like trust, equality and lifestyle values (e.gΦΣ ŦƛǎƘŜǊǎ ǎŜŜ ŦƛǎƘƛƴƎ άŀǎ ŀ ǿŀȅ ƻŦ ƭƛŦŜέ 

which is motivated by more than income benefits) in addition to valuing benefits from ecosystem 

services in economic terms (Britton and Coulthard, 2013, Pollnac and Poggie, 2008). Furthermore, 

wellbeing indicators can be compared across different groups (e.g. groups of fishers according to 

metrics such as age, vessel size, gear and level of engagement in decision-making), so capturing 

differential impacts and potential inequalities. There are objective (what people have), relational 

(what people do) and subjective (how people feel) dimensions to wellbeing. For example, wellbeing 

ƛǎ ŀŦŦŜŎǘŜŘ ōȅ ŀ ǇŜǊǎƻƴΩǎ ǊŜŀƭ ƛƴŎƻƳŜ ŀƴŘ ǿƘŜǘƘŜǊ or not they perceive that income to be adequate 

and fair relative to others. There is no single set of wellbeing indicators; instead, the choice of 

appropriate indicators can be suited to particular contexts. 

2.2 Marine Protected Areas 

Marine Protected Areas (MPAs) are an important tool for the maintenance of the functional integrity 

and health of marine ecosystems through the conservation of significant species, habitats, and 

ecosystems (Sobel and Dahlgren, 2004). MPAs are widely considered to be the most significant 

conservation management strategy for halting the loss of global marine biodiversity (Lubchenco et 

al., 2003), with recent research demonstrating that effectively designed and managed MPAs can 

have measureable conservation benefits (Edgar et al., 2014). MPAs help maintain and enhance flows 
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of ecosystem services that support human wellbeing, for example, by supporting sustainable food 

provision and opportunities for recreation (Arkema et al., 2015, McCook et al., 2010, Rees et al., 

2015, Roberts et al., 2001). It follows that once an MPA is identified and designated then there is a 

need to effectively manage the site to achieve the desired conservation objectives/biodiversity 

targets. Even though there has been a dramatic increase in the number of MPAs designated, at a 

global level, biodiversity continues to decline for some marine habitats and indicator species 

(Butchart et al., 2010, Pimm et al., 2014) and is predicted to continue to decline due to the 

persistent pressures on marine ecosystems exerted by patterns of consumption, pollution, invasive 

species and climate change (Butchart et al., 2010, Tittensor et al., 2014). There is growing evidence 

that areas that have effective management in place can have positive effects for biodiversity (Edgar 

et al., 2014, Sciberras et al., 2015, Sheehan et al., 2013). MPA management is typically challenging 

and complex. The establishment of an MPA can potentially touch upon numerous socially charged 

issues which, if ignored or compartmentalised, can result in the failure of the MPA to meet the 

ecological objectives for which it was primarily designed. Indeed, research shows that because MPAs 

are at the interface between social and ecological systems, short term biological gains associated 

with MPA designation may be compromised unless social issues, specifically notions of equity 

resulting from the impact of the MPA designation, are addressed in the planning and management 

process (Rees et al., 2013).  

2.3 Evaluation frameworks 

Evaluation is the assessment of the effectiveness and efficiency of a policy or management measure 

during and after implementation. It seeks to measure outcomes and impacts in order to assess 

whether the anticipated benefits have been realised (HM Treasury, 2011). Evaluation frameworks 

provide a structure to the evaluation process. Each evaluation framework needs to be tailored to the 

type of policy or management measure being considered and the types of questions it is hoped to 

answer (HM Treasury, 2011). Applying an evaluation framework to assess impact is the systematic 

process of assessing the causal effects of a project policy or programme (Gertler et al., 2011, 

Rosenbaum, 2010). An evaluation framework provides evidence on if and how an intervention 

affects (or has an impact upon) variables of interest, allowing statistical or observational analysis of 

ΨŎƘŀƴƎŜΩ that underlies an intervention. Evaluation within the continually evolving UK marine and 

coastal policy context is vital to identify learning and good practice to support improved marine 

management (Carneiro, 2013). 
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2.4 Indicators 

Indicators provide measures of ecosystem processes and ecosystem service benefits, allowing for 

study of the linkages between ecological, social and economic systems and changes in relationships 

over time (Bohnke-Henrichs et al., 2013, Hattam et al., 2015). The selection and analysis of 

indicators can contribute to the development of a more detailed understanding of the social-

ecological system as a whole, potentially leading to more informed management plans and a 

transparent decision making process (Hattam et al., 2015). The identification and analysis of changes 

in indicators following an intervention, such as an MPA designation, can also aid evaluation of 

impact upon ecosystem service delivery and related wellbeing. Potential indicators may be linked to 

environmental and socio economic indicators (Figure 2). 

 

Figure 2 Application of potential indicators to evaluate change over time in relation to commercial fishing activity in an 
MPA. This example was presented to workshop participants at the project stakeholder workshop  
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3 Lyme Bay 

Lyme Bay is located in south-west England, UK (Figure 3). The Bay comprises of a mosaic of 

substrates from sand, mud and gravel to rock and mixed ground. The entire bay has been defined as 

an area of ΨƘƛƎƘ ǎǇŜŎƛŜǎ ǊƛŎƘƴŜǎǎ ǘƘŀǘ ƛƴŎƭǳŘŜǎ ǊŀǊŜ ŀƴŘ ǘƘǊŜŀǘŜƴŜŘ ǎǇŜŎƛŜǎΩ(Hiscock, 2007). 

Traditionally within Lyme Bay, fishermen towing bottom-fishing gear (otter trawls, beam trawls, 

scallop dredging) avoid the rocky areas and fish on the mixed sediment areas (sands, gravels, 

cobbles). Static gear fishermen place pots in the rocky areas to catch crabs and lobster. Diving, 

angling and charter boats operate around the reefs and wrecks of Lyme Bay (Rees et al., 2010c). 

Along with the diversity of wreck sites, species such as the pink sea fan Eunicella verrucosa which is 

nationally uncommon (Hiscock, 2007) and the sunset cup coral Leptopsammia pruvoti which is 

nationally rare (Jackson et al., 2008) attract divers to the area. Charter boat operators run wildlife 

watching trips throughout the Bay to take people birdwatching or further offshore to see dolphins. 

Several small fishing boats (6-10 metres long) supplement their income by chartering boats to 

anglers (Rees et al., 2015). Recreational mackerel Scomber scombrus fishing trips are increasingly 

popular. There are currently several different MPA designation types in Lyme Bay (Figure 3).  

 
Figure 3: Lyme Bay MPAs, excluding transitional waters (candidate SACs, designated Marine Conservation Zones (MCZs), 
IFCA byelaws and the 2008 SI closure). 
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3.1 Voluntary Closures 

In 2001, two voluntary closed areas for the reefs at Saw Tooth Ledges and Lanes Ground 

encompassing 10.3 km2 were agreed by local stakeholders. A feasibility study on a third closed area, 

Beer Home Ground, was initiated by the Beer Home Ground Management Group comprising of a 

stakeholders from  Devon Sea Fisheries Committee, East Devon District Council, Devon Wildlife Trust 

and local fishermen (Rees et al., 2010b). This third voluntary closure could not be agreed due to the 

economic importance of the site to local mobile gear fishermen (Davis, 2001).  

3.2 The Statutory Instrument (SI) closed area 

The statutory instrument (SI)Σ Ψ[ȅƳŜ .ŀȅ 5ŜǎƛƎƴŀǘŜŘ !ǊŜŀ όCƛǎƘƛƴƎ wŜǎǘǊƛŎǘƛƻƴǎύ hǊŘŜǊ нллуΩ ƛƴ [ȅƳŜ 

Bay entered into force on the 11 July 2008 to protect 206km2 of reef substrate and the associated 

biodiversity from the impacts of trawling and dredging with heavy demersal fishing gear (Defra, 2008) 

(Figure 4). Enforcement of the SI was principally the responsibility of the Devon Sea Fisheries 

Committee and Southern Sea Fisheries Committee working with Defra, The Marine and Fisheries 

Agency (MFA also renamed as M&FA) and, following the UK Marine and Costal Access Act 2009, the 

Marine Management Organisation (MMO). Following the abolishment of the Sea Fisheries 

Committees in 2011, under the UK Marine and Costal Access Act 2009, enforcement of the SI is now 

the responsibility of the Inshore Fisheries and Conservation Authorities (IFCAs). Since that time the 

IFCAs have supported the enforcement of the SI and established a joint compliance and 

enforcement tasking coordination group for the area. The group coordinates tactical deployment of 

IFCA patrol vessels, Royal Navy and Boarder force activity in the area, founded on a risk-based 

intelligence-led approach. 

3.3 The Habitats Directive 92/43/EEC 

In 2010, a slightly larger area of reef (312km²) was put forward as a candidate Special Area of 

Conservation (cSAC), to meet (in part) UK commitments under the European Habitats Directive 

92/43/EEC (Natural England, 2013b) (Figure 4). cSACs are sites that have been submitted to the 

European Commission, but not yet formally adopted by the member state. The Lyme Bay portion of 

the site contributes to a wider European Marine Site, the Lyme Bay and Torbay cSAC, which also 

includes sub tidal reef ς bedrock, stony and biogenic and sea caves features immediately offshore of 

Brixham and Torbay (Figure 3). In 2011, Europe adopted the cSAC as a Site of Community Interest  

(SCI) (providing until 2017 for the UK government to formally designate the site as an SAC) (Natural 

England, 2015). Protection within the SCI is feature based, focusing on the features supporting 

habitats and species of conservation importance (Natural England 2015) (Table 1). Within the Lyme 
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Bay and Torbay SCI the qualifying features (natural habitats and/or species for which the site has 

been designated) are Reefs (H1170) and Submerged or partially submerged sea caves (H8330). The 

ŎƻƴǎŜǊǾŀǘƛƻƴ ƻōƧŜŎǘƛǾŜǎ ŦƻǊ ǘƘŜ ǎƛǘŜ ŀǊŜ ǘƻ ΨŜnsure that the integrity of the site is maintained or 

restored as appropriate, and ensure that the site contributes to achieving the Favourable 

Conservation Status of its Qualifying Features, by maintaining or restoring:  

¶ The extent and distribution of qualifying natural habitats; 

¶ The structure and function (including typical species) of qualifying natural habitats; and  

¶  ¢ƘŜ ǎǳǇǇƻǊǘƛƴƎ ǇǊƻŎŜǎǎŜǎ ƻƴ ǿƘƛŎƘ ǘƘŜ ǉǳŀƭƛŦȅƛƴƎ ƴŀǘǳǊŀƭ Ƙŀōƛǘŀǘǎ ǊŜƭȅΦΩ (Natural England, 

2014) 

In 2014, byelaws were enacted by the Southern Inshore Fisheries and Conservation IFCA and Devon 

and Severn IFCA, protecting 236km² of the reef features in Lyme Bay, from bottom towed fishing 

gears (prohibition order) (Southern IFCA, Devon and Severn IFCA 2014). The IFCA bylaws are not yet 

ǇǊƻǇŜǊƭȅ ŘŜǎŎǊƛōŜŘΣ ǘƘŜȅ ŀǊŜ ŀ ŎƻƴǎŜǉǳŜƴŎŜ ƻŦ ΨǘƘŜ ǊŜǾƛǎŜŘ ŀǇǇǊƻŀŎƘΩ ǘƻ ǘƘŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ 

cƻƳƳŜǊŎƛŀƭ ŦƛǎƘŜǊƛŜǎ ƛƴ 9a{ Ψ ŀƴŘ Ŧƻƭƭƻǿ ŀ Ƙŀōƛǘŀǘǎ ǊŜƎǳƭŀǘƛƻƴ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ƘƛƎƘ Ǌƛǎƪ ŀŎǘƛǾƛǘƛŜǎ ƛƴ 

sensitive features. As such they represent an evidence led approach to the achieve the requirements 

of Article 6 of the Habitats Directive 

3.4 Marine Conservation Zones 

A region of reef and intertidal coarse sediment, to the south-east of Lyme Bay MPA was also 

designated as a Marine Conservation Zone (MCZ) in 2013, the Chesil Beach and Stennis Ledges MCZ 

(38 km²), under the UK Marine and Coastal Access Act 2009 (Figure 3) (Natural England, 2013a). 

Existing restrictions under Southern IFCA include seasonal closures and restrictions on gear for 

oyster fisheries; Stennis Ledge reef features are protected by a voluntary agreement on dredging 

(Natural England, 2013a). The fleet, a lagoon area adjacent to the Chesil Beach and Stennis Ledges 

MCZ, containing seagrass habitats, is also protected by a byelaw, created by Southern IFCA, banning 

towed fishing gears and prohibiting digging for, fishing for, or taking of any sea fisheries resources. 

The Torbay MCZ protects intertidal habitats including rock, sand, coarse and mixed sediments.  The 

most sensitive features designated under the Torbay MCZ are sea grass and subtidal mud (Figure 3). 

The focus of this report is the group of MPA designations in the northern part of Lyme Bay which 

comprises of the boundaries created by the SI and the SCI (which areas closed under the IFCA bylaws 

to protect sensitive reef features within the SCI) (Figure 4). The area is commonly known as the Lyme 

Bay Fisheries and Conservation Reserve (Lyme Bay Reserve).  
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Figure 4 Map of the designations protecting reef habitat, forming the Lyme Bay Reserve. 

 

3.5 Management and Research Activities in the Lyme Bay Reserve 2008-2015 

Under the Marine and Coastal Access Act 2009, the Marine Management Organisation (MMO) are 

responsible for the management of MCZs and European Marine Sites (EMSs). IFCAs are the lead 

regulators for fisheries within their Districts. They have duties under the Marine and Coastal Act 

όǎΦмрпύ ǘƻ ΨŦǳǊǘƘŜǊ ǘƘŜ ŎƻƴǎŜǊǾŀǘƛƻƴ ƻōƧŜŎǘƛǾŜǎ ƻŦ a/½ǎΩ ŀƴŘ ¢ƘŜ /ƻƴǎŜǊǾŀǘƛƻƴ ƻŦ Iŀōƛǘŀǘǎ ŀƴŘ 

Species (Amendment) Regulations 2012 which requires the competent authority (in this case IFCAs) 

to exercise their functions which are relevant to nature conservation, including marine conservation, 

so as to secure compliance with the requirements of the Directives.  The MMO and IFCAs coordinate 

enforcement roles.  

!ǎ ǇŀǊǘ ƻŦ ǘƘŜ ΨǊŜǾƛǎŜŘ ŀǇǇǊƻŀŎƘΩ ǘƻ ŦƛǎƘŜǊƛŜǎ ƳŀƴŀƎŜƳŜƴǘ ǿƛǘƘƛƴ 9a{Σ the management of fisheries 

within European Marine Sites is based on the level of risk that a fishing activity presents to protected 

features, either habitat or species, to conserve important habitats and species in line with the EU 

Habitats and Birds Directives (Marine Management Organisation, 2014). When the cSAC was 

formally recognised as an SCI, byelaws to restrict bottom towed fishing gear over Annex 1 reef 

habitat were announced by the IFCA in December 2013. 

In addition to the organisations with statutory responsibilities wider groups have been involved in 

the Lyme Bay Reserve. From the outset, the SI closure was highly contentious and impacted heavily 

on sectors of the local fishing community, in particular as it followed voluntary closures of reef areas 

to scallop dredging and demersal trawling, agreed between environmental groups and local 

fishermen since 2001 (Hattam et al., 2014, Mangi et al., 2011, Rees et al., 2010a). 
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Following the 2008 SI closure, the UK Government invested in research that annually monitored the 

ecological and social-economic impact of the Lyme Bay Reserve (Attrill et al, 2012, Mangi et al, 2012). 

The presentation of non-biased, evidence-based research results were used to instigate discussions 

with local stakeholders and ease local tensions in the years following the closure (Mangi et al., 2011, 

Rees et al., 2013, Rees et al., 2010c, Sheehan et al., 2013, Attrill et al, 2012). In 2011, a non-

governmental organisation (NGO), the Blue Marine Foundation, formed a pro-active working group 

for the Lyme Bay Reserve (now called the Lyme Bay Consultative Committee), which led to the 

implementation of more specific MPA management measures. An initial Memorandum of 

Understanding (MoU) was developed, to be signed by all parties involved in the Lyme Bay Fisheries 

and Conservation Reserve Project, including local fishermen, IFCAs and MMO representatives. The 

MoU established the basis for the Working Group (now the Lyme Bay Consultative Committee) for 

members to promote and implement best practice in fishery and conservation management. Fishery 

and conservation management actions included a voluntary Code of Conduct (Annex I) proposed as 

a means of achieving effective management to maintain sustainable fishing practices within the 

Lyme Bay Reserve. The code of conduct involved voluntary measures including the fitting of 

Integrated Vessel Monitoring Systems (iVMS)2 (real-time monitoring) systems and caps on the 

volume of fishing gear deployed by vessels within the Lyme Bay Reserve ( 

  

                                                           
2
 Integrated vessel monitoring system (iVMS) incorporates dual Iridium satellite and GPS/GPRS/GSM mobile 

technology and e-log capability for vessel owners or fleet managers to access accurate location and catch data. 
http://succorfish.com/fisheries/ 
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Annex I). Wider partnership activities by the LBCC included development of new markets and 

branding, investment in post-harvest icing infrastructure, and knowledge-sharing and training 

activities. A scientific research project, conducted by a PhD study at Plymouth University, has also 

been designed and undertaken with the input of fishermen to test the sustainability of potting 

techniques. Many of the activities linked to the LBCC have involved public outreach with educational 

displays at public events and local fishermen providing talks to schools on fishing activities and 

commercial species. 

In addition to providing supporting technologies, these partnership activities have enabled 

participation of fishers in decisions that affect them and may have enhanced voluntary compliance 

to Lyme Bay Reserve management measures and built trust among Lyme Bay stakeholders. The 

ecological monitoring studies, results of which have been shared with the local fishing community, 

demonstrate that there have been positive responses for species richness, total abundance and 

assemblage composition for seven out of thirteen indicator taxa (Attrill et al, 2012, Sheehan et al., 

2013). These indicator species were found in greater abundance on reef habitat and pebbly-sand 

habitat in areas closed to bottom towed fishing compared to those where these fishing practices 

continue (Attrill et al, 2012, Sheehan et al., 2013). The SI closure in Lyme Bay Reserve has also had 

profound effects within the social and economic system as the removal of bottom towed fishing gear 

in the Lyme Bay Reserve has resulted in a redistribution of benefits from ecosystem services that can 

be accessed in Lyme Bay. Permitted commercial fishing activities have proliferated within the closed 

area (Mangi et al., 2011), and recreation participants and providers have increased their use of the 

MPA (Rees et al., 2010c, Rees et al., 2015). However, mobile (towed) gear fishermen were displaced 

from areas they had previously had access. 
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4 Aim and Objectives 

The aim of this work is to evaluate the impact of the management measures in place for the Lyme 

Bay Reserve and the impact of voluntary management measures and partnership activities of the 

Lyme Bay Consultative Committee on ecosystem services and human wellbeing. 

The objectives of the project are to: 

¶ Clarify the drivers of successful partnership and management and, thereby, enable 

ǇǊƻƳƻǘƛƻƴ ƻŦ ǘƘŜ Ψ[ȅƳŜ .ŀȅ ƳƻŘŜƭΩ ŦƻǊ at! ƳŀƴŀƎŜƳŜƴǘΤ 

¶ Enable an assessment of the value-added by management measures and partnership 

activities on ecosystem services and indicators of human well-being;  

¶ Identify future options for MPA management and investment that supports human well-

being via conservation;  

¶ Identify marginalised groups; and 

¶ Test a transferable framework for evaluating impact in the MPA context. 

 

An evaluation framework has been designed for the purposes of this project in the following parts:  

¶ A review of published research and grey literature to identify the links in the ecology of the 

case study area to potential ecosystem services (e.g. food, recreation) and measures of 

human wellbeing; 

¶ A multi-stakeholder workshop to identify key indicators of impact on important ecosystem 

services and aspects of human wellbeing.  

¶ A synthesis of existing secondary data on fishing activity and landings in Lyme Bay from 

2005-2015; 

¶ Primary data collection involving a survey of fishermen to assess the impacts of the 

management measures associated with the Lyme Bay Reserve and the activities of the Lyme 

Bay Consultative Committee on human wellbeing; and 

¶ Indicator evaluation. 
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5 A review to identify the links in the ecology of the case study area to 

potential ecosystem services (e.g. food, recreation) and measures of 

human wellbeing. 

5.1 Methods 

The environmental features, habitats and species present within the wider Lyme Bay region were 

derived from habitat map data available for the region on the European Marine Observation and 

Data Network (EMODnet) database. EMODnet is an online resource, funded by the European 

Commission, providing best available data and modelling outputs to support the requirements of the 

Marine Strategy Framework Directive (MSFD) across Europe (EMODnet Seabed Habitats 2016). Data 

sets were downloaded as ARC GIS shapefiles and entered into a geodatabase constructed within ARC 

GIS 10 (ESRI 2012). Spatial habitat data were mapped and the presence of habitats recorded.  

Spatial habitat data were mapped using the European Nature Information System (EUNIS) habitat 

classification, which is a European system that classifies habitats into a common framework. Broad 

scale habitat data were available across the Lyme Bay region to a minimum of EUNIS level 3 

(biological zone, hard or soft substrata, energy exposure, sediment type). Maps that delineate the 

extent of the EUNIS level three habitats in Lyme Bay must be interpreted with caution as the data is 

combined from bespoke field surveys and broadscale predictive mapping. The map presented in 

Figure 5 is illustrative of the broadscale habitats (EUNIS level 3) in Lyme Bay. 

A matrix table was constructed to demonstrate the relationship between broadscale habitats at 

EUNIS level 3 and beneficial ecosystem processes and ecosystem services using evidence from key 

papers; Potts et al. (2014) and Fletcher et al. (2012). Wider relevant literature from both peer and 

grey sources was identified to support the discussion of the results. To provide further clarity of the 

relationship between other conservation features in Lyme Bay and broadscale habitats, a correlation 

table was constructed that cross referenced habitats in Lyme Bay at EUNIS level 3 with features of 

conservation interest listed for conservation in the Bay (Table 1). 

  

http://eunis.eea.europa.eu/
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Table 1 Subtidal habitats and species listed for conservation in Lyme Bay and the correlation with broadscale habitats at EUNIS level 3. 

  Habitats of conservation importance in Lyme Bay Species of conservation importance 

Habitats in Lyme Bay (EUNIS 
level 3) 

European Union 
Habitats 
Directive 
(Annex 1) 

MCZ Broadscale 
habitats 

MCZ Habitats of 
conservation 
importance  

OSPAR 
Threatened and 
declining  

BAP Priority 
Habitats 

MCZ Species 
of 
conservation 
importance  

OSPAR 
Threatened 
and 
declining 

UK BAP  

High Energy Infralittoral Rock 
(A3.1) Reefs 1170 

Bedrock reef 
and Stony reef  

 
Submerged or 

partially 
submerged sea 

caves 8830 
(associated with 

A3 and A4 
Torbay section) 

 

High energy 
infralittoral rock 

 
  

 

Pink sea fan 
Eunicella 
verracosa 

 

 

 
Pink sea fan 

Eunicella 
verracosa 

 
Sunset cup coral 
Leptopsammia 

pruvoti 
 

Sponge Adreus 
fascicularis 
(nationally 

scarce) 
 

Moderate Energy Infralittoral 
Rock (A3.2) 

 
  

 
 

Low Energy Infralittoral Rock 
(A3.3)  

  
 

 

High Energy Circalittoral Rock 
(A4.1) 

 
  

Fragile sponge and 
anthozoan 

communities 
 

 

Moderate Energy 
Circalittoral Rock (A4.2) 

 
   

Sublittoral Coarse Sediment 
(A5.1)  

 
  

 
Native oyster 
Ostrea edulis  

 

Sublittoral Sand (A5.2) 

 
 

  
 

  
 

Sublittoral mud (A5.3) 

 
Subtidal mud 

 

Seapens and 
burrowing 
megafauna 

communities 

 
  

 

Sublittoral mixed sediments 
(A5.4) 

 
 

 
Native oyster 

beds Ostrea edulis 
 

Native oyster 
Ostrea edulis 

Native 
oyster 
Ostrea 
edulis 

 

Sublittoral macrophyte-
dominated sediment (A5.5) 

 
 

Seagrass beds 
Maerl beds, 
Zostera beds 

 

Long snouted 
seahorse 

Hippocampus 
guttulatus 

 

Long snouted 
seahorse 

Hippocampus 
guttulatus 
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5.2 Results and Discussion 

At EUNIS level 3 there are ten broadscale habitats in Lyme Bay (Figure 5, Table 2 and Table 3). The 

EUNIS Habitat classification system is a comprehensive pan-European system to facilitate the 

harmonised description and collection of data across Europe through the use of criteria for habitat 

identification; it covers all types of habitats from natural to artificial, from terrestrial to freshwater 

and marine (EUNIS, 2014). 

 In addition to the sublittoral macrophyte dominated sediment located on the map, there have since 

been extensive subtidal surveys of the sublittoral mud in Torbay which also supports seagrass 

Zostera marina beds (broadscale habitat A5.5, sublittoral macrophyte dominated sediment). 

Additionally, !ƴƴŜȄ L Ƙŀōƛǘŀǘ ΨǎǳōƳŜǊƎŜŘ ƻǊ ǇŀǊǘƛŀƭƭȅ ǎǳōƳŜǊƎŜŘ ǎŜŀ ŎŀǾŜǎΩ όуоолύ have been 

identified within the Torbay section of the Lyme Bay and Torbay cSAC. These broadscale habitats 

present in Lyme Bay were identified in the literature as potentially supporting several beneficial 

ecosystem processes and beneficial ecosystem services (Table 2 and Table 3).  

 

Figure 5 Map of broad scale habitat types (EUNIS level 3) within the wider Lyme Bay region (infralittoral and circalittoral 
ǊƻŎƪ ƘŀǾŜ ōŜŜƴ ŎƻƳōƛƴŜŘΣ ǘƘŜǎŜ Ƙŀōƛǘŀǘǎ ǊŜǇǊŜǎŜƴǘ !ƴƴŜȄ м ΨǊŜŜŦΩ ƘŀōƛǘŀǘύΦ Habitat data is derived from both survey and 
broadscale predictive mapping, habitat boundaries must be interpreted as illustrative. 
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Table 2 Matrix of ecosystem processes provided by broad scale habitats in Lyme Bay, including level of delivery and 
confidence in associated literature, adapted from Potts et al. (2014) and Fletcher et al. 2012b). 
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Table 3 Matrix of ecosystem services provided by broad scale habitats in Lyme Bay, including level of delivery and 
confidence in associated literature, adapted from Potts et al. (2014) and Fletcher et al. 2012b). 
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5.2.1 Beneficial Ecological Processes 

Primary Productivity 

Primary production, the process of pelagic and benthic fixation of carbon through photosynthesis, is 

supported by all the broadscale habitats in Lyme Bay (Table 2). In the infralittoral zone, between the 

mean low water mark to the depth where only 1% of light reaches the seabed, (e.g. the maximum 

depth of kelp biotopes) (JNCC, 2010), reef habitats (broadscale habitats A3.1 and A3.2 (Table 1)) 

contribute the most to production, relative to the surrounding habitats. Important primary 

producers associated with shallow reefs are algae species such as kelp Laminaria spp. (Smale et al., 

2013, Smale, 2015). In the circalittoral zone, between the depth where only 1% of light reaches the 

seabed to the maximum depth at which the seabed is influenced by waves (JNCC, 2010), primary 

production is driven by phytoplankton in the surrounding water masses facilitating the transfer of 

energy to higher trophic level organisms (Jones, 2000). High abundance or blooms of phytoplankton 

in coastal regions, are linked to levels of organic nutrients (often related to run off from land), 

sunlight levels and mixing in the water column (Shutler et al., 2012, Shutler et al., 2015). Physical 

processes such as water circulation, development of fronts between water masses, persistence and 

strength of fronts and rainfall and river runoff therefore influence levels of phytoplankton within 

Lyme Bay (Shutler et al., 2015, Southward et al., 1995, Gowen et al., 1998, Pingree, 1977). Subtidal 

sediment (associated with broadscale habitats A5.1, A5.2, A5.3, A5.4 and A5.5) provides a sink for 

primary production. Research has indicated that the amount of primary production occurring in 

these systems is dependent on the assimilation of organic matter occurring following algal blooms 

(Denis and Desroy, 2008).  

Macrophyte dominated sediment (broadscale habitat A5.5, Table 1) also makes a significant 

contribution to primary production (Table 2). Seagrass Zostera marina beds (associated with 

broadscale habitats A5.3) cover 0.80 km2 (4.02 %) of the total Torbay rMCZ area and are known to be 

important for primary production with recorded annual production rates of between 69 g C m-2yr-1 

(Borum and Wiumandersen, 1980) and 814 g C m-2yr-1 (Borum et al., 1984). 

Secondary production 

Secondary production is the generation of biomass though the consumption of organic material. The 

water column and water masses within Lyme Bay support zooplankton populations, whilst mixed 

substratum in-between the reef features supports benthic infauna communities. Secondary 

production is supported by all the broadscale habitats in Lyme Bay (Table 2) with the reef habitats 

(broadscale habitats A3.1 and A3.2 (Table 1)) and the sublittoral macrophyte dominated sediment 
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(broadscale habitat A5.5 (Table 1)) contributing the most to this ecological process relative to the 

surrounding habitats (Table 2). From studies elsewhere in Europe it has been demonstrated that 

biomass from epibenthic colonisation of reef habitats were significantly greater than biomass within 

soft substratum habitat (Moura et al., 2011, Ricciardi and Bourget, 1999). Subtidally, a large 

proportion of the biomass is mobile and sessile epifauna, with species of starfish, brittlestar, crab, 

sponge and tunicate known to be particularly abundant in such areas (Jones et al., 2000). Rapid 

turnover of Zostera marina blades (associated with broadscale habitat A5.5 and A5.3 (Table 1)) and 

of the epiphytic algae on the leaf surfaces means that large amounts of seagrass primary production 

is transferred to consumers (secondary production) (Cebrian et al., 1997), critical for supporting the 

food chain.  

Formation of species habitat 

Formation of species habitat can be described as the contribution of habitat formed by one species 

but providing suitable niches for other species, including the production and maintenance of 

complex structure providing suitable habitat including shelter from predators. All broadscale 

habitats in Lyme Bay contribute to the beneficial ecological process of the formation of species 

habitat (Table 2). Native oyster beds Ostrea edulis have an important role in providing habitat for 

other species (Beck et al., 2011). The broadscale habitats ǘƘŀǘ ŎƘŀǊŀŎǘŜǊƛǎŜ ΨǊŜŜŦΩ ƘŀǾŜ ŀ ǎƛƎƴƛŦƛŎŀƴǘ 

contribution relative to the surrounding habitats (Table 1). For example, kelp habitats associated 

with infralittoral reef provide a three-dimensional habitat structure for a diverse array of marine 

organisms, many of which are commercially important (Smale et al., 2013, Smale, 2015, Smale et al., 

2011). Kelp communities also provide shelter for juvenile stages of commercially targeted fishes, 

crustaceans and bivalve molluscs (Gonzalez-Gurriaran and Freire, 1994). Canopy-forming kelps 

influence their environment and other ƻǊƎŀƴƛǎƳǎΣ ǘƘŜǊŜōȅ ŦǳƴŎǘƛƻƴƛƴƎ ŀǎ άŜŎƻǎȅǎǘŜƳ ŜƴƎƛƴŜŜǊǎέ 

(Smale et al., 2013, Smale et al., 2011). Kelp holdfasts, the attachment between kelp and reef 

features, provide food resources for flatfish, sea bass and gadoid species (Snelgrove, 1999, Jones, 

2000). By altering light levels (Connell, 2003), water flow (Rosman et al., 2007), physical disturbance 

and sedimentation rates (Eckman et al., 1989, Wernberg and Thomsen, 2005), kelps modify the local 

environment for other organisms. Moreover, through direct provision of food and structural habitat, 

kelp forests support higher levels of biodiversity and biomass than simple, unstructured habitats 

(Dayton, 1985, Dayton et al., 1999, Steneck et al., 2002). 

Broad scale habitats associated with reef features (Table 1) provide surfaces for epibiota such as 

corals and sponges to attach, providing complexity and shelter resources for commercially targeted 

fish and shellfish (Lindholm et al., 2004, Lindholm et al., 2001, Bradshaw et al., 2003). Sessile 
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epifauna, that colonise reef features, capture and recycle water column nutrients through filter 

feeding and produce planktonic larvae (Beaumont et al., 2007), further supporting higher trophic 

levels, which includes fish and shellfish species (Sheehan et al., 2013).   

In the subtidal, formation of species habitat is strongly influenced by sediment type, with particle 

size distribution, organic content and chemical composition of importance to species distribution. 

Stability is provided by the presence of species such as Sand mason Lanice conchilega (Van Hoey et 

al., 2008), and habitat complexity is increased where benthic fauna are diverse and abundant due to 

the presence of tubes and burrows (Paramour, 2006 ). Intensive bottom fishing using towed nets 

and dredges has been shown to alter species composition in soft substratum seabed habitats, 

removing high biomass species contributing to topographic complexity (Kaiser et al., 2000). 

Experimental trawling has shown Lanice conchilega in particular are impacted by bottom towed 

fishing gears (Rabaut et al., 2008). Ross worm Sabellaria spinulosa, observed in patches by survey 

divers within the Reserve provides greater complexity and habitat resources for juvenile fish and 

crustaceans (Pearce, 2014, Jackson, 2008). In the wider Lyme Bay region presence of Maerl 

Phymatolithin calcareum (associated with broadscale habitat A5.5 (Table 1)) is recorded in OSPAR 

Threatened and Declining species data sets and has been observed in survey dives (in limited 

abundance from records in 2007), offshore of Exmouth (Wood, 2007). Maerl has been shown to 

provide significant habitat for juvenile scallops and may provide habitat complexity, increasing 

survivability of juvenile fish (Kamenos et al., 2004b, Howarth et al., 2011, Lindholm et al., 2001). 

Climate regulation 

The ability of the marine ecosystem to assimilate and store atmospheric gases contributes to the 

regulation of the climate. This service is supported by a range of broadscale habitats in Lyme Bay 

(Table 2). Reef habitats (broadscale habitats A3.1 and A3.2 9 (Table 1)) supporting kelp Laminaria 

spp. communities provide a significant contribution, while sublittoral macrophyte dominated 

sediment (broadscale habitat A5.5 and A5.3 (Table 1)) provide a moderate contribution to this 

ecological process, relative to the wider surrounding broadscale habitats.  

Kelp communities Laminaria spp. associated with reef habitats (Table 1) are hugely important as 

fuels for marine food webs through the capture and export of carbon (Krumhansl and Scheibling, 

2012, Dayton, 1985). Seagrasses (associated with broad scale habitat A5.5 and A5.3 (Table 1)) have 

the ability to baffle water currents and stabilize sediments, resulting in organic matter and nutrients 

becoming stored within the accreting sediments, sequestering carbon, nitrogen and phosphorous, 



34 
 

while the remaining organic material is recycled or exported (Duarte, 2011, Nellemann, 2009, 

Kennedy, 2009). 

Erosion Control  

Erosion control is supported by several broadscale habitats in Lyme Bay (Table 2) with the reef 

habitats (broadscale habitats A3.1 and A3.2 (Table 1)) and sublittoral macrophyte dominated 

sediment (broadscale habitat A5.5 and A5.3 (Table 1)) contributing the most to this ecological 

process relative to the surrounding habitats. Physical features in the shallow inshore zone, such as 

infralittoral reefs (A3.1, A3.2) and vegetation such as seagrass, present in broadscale habitat A5 

(Table 1), reduce sheer stress, slow water currents and reduce wave heights, thus reducing erosion 

in coastal regions (Jacobs, 2013, Potts et al, 2014). 

5.2.2 Beneficial Ecosystem Services 

The broadscale habitats of Lyme Bay support a range of beneficial ecosystem services including 

recreation opportunities, research and education, nature watching, medicines, natural hazard 

protection, regulation of pollution, environmental resilience, research and education, tourism, 

spiritual and cultural wellbeing and aesthetic benefits (Table 3). In terms of the broadscale habitats 

linked to the Lyme Bay Reserve the main beneficiaries of the flows of ecosystem services are the 

fisheries and recreation industry (Table 3). 

Fisheries and wild food 

At a regional scale habitats across Lyme Bay, associated with fisheries and wild food benefits, 

identified by Fletcher et al. (2012a, 2012b) and Potts et al. (2014) are important to the adult and 

juvenile stages of species supporting commercial and recreational activities (Potts et al, 2014, 

Fletcher, 2012a, Fletcher, 2012b). All broadscale habitats have a moderate or significant contribution 

towards this beneficial ecosystem service (Table 3). Each fishery in Lyme Bay is considered here in 

more detail.  

Static trap fisheries are supported by brown crab Cancer pagarus, spider crab Maja squinado, 

European lobster Homarus gammarus, whelk Buccinum undatum and cuttlefish Sepia officinalis. The 

commercial shellfish species supporting activities in Lyme Bay have similar, broad habitat and prey 

preferences. The diversity of habitats found in Lyme Bay (Table 1,Table 4), interspersed with coarse 

substratum and mixed substrata benefits these crustacean species while B.undatum prefer sand and 

mud habitats (Galparsoro et al., 2009, Lawton, 1989, Hayward, 1998, Hancock, 1967, Freire et al., 

2009, Gonzalez-Gurriaran and Freire, 1994).  
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Table 4 Matrix of links between habitats within Lyme Bay and commercially targeted species. Dark shading represents high 
ƛƳǇƻǊǘŀƴŎŜΣ ƭƛƎƘǘ ǎƘŀŘƛƴƎ ǊŜǇǊŜǎŜƴǘǎ ƭŜǎǎŜǊ ƛƳǇƻǊǘŀƴŎŜΣ ΨƧǾΦΩ ƛƴŘƛŎŀǘŜǎ ƛƳǇƻǊǘŀƴŎŜ ǘƻ ƧǳǾŜƴƛƭŜ ǎǘŀƎŜ (from peer reviewed 
and grey literature). 

Habitat interactions 
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Edible Crab (Cancer pagarus) utilise the range of broadscale habitats found in Lyme Bay (Table 4). 

This species makes use of crevices in reefs and space under boulders to shelter, whilst also utilising 

mixed coarse ground and muddy sand habitats where individuals dig into the sediment (Table 4) 

(Hayward, 1998, Pawson, 1995). Larger adults utilise offshore muddy sand habitats as well as mixed 

coarse ground and reefs, whilst juveniles predominantly occur in sublittoral rocky habitats. Habitat 

utilisation patterns are noted to be different between sexes, larger males are often caught on rocky 

substrates whilst females are more abundant on sand and gravel (Hayward, 1998, Pawson, 1995). 

Brown crab tend to move into shallower water at night to feed, scavenging on carrion and predating 

on molluscs such as whelks, mussels and cockles (Neal, 2008, Lawton, 1989) (Table 4). 

Spider Crab (Maja squinado) are a less important commercial species that utilise reef habitats, 

coarse sand and mixed gravel but utilise seaweeds and sponges for shelter rather than crevices or 

boulders favoured by Cancer pagarus (Gonzalez-Gurriaran and Freire, 1994, Freire et al., 2009) 

(Table 4). Juveniles display habitat preference for kelp communities (associated with broadscale 

habitats A3.1 and A3.2) (Gonzalez-Gurriaran and Freire, 1994, Freire et al., 2009). Spider crab feed 

on a range of prey, including seaweeds, molluscs and echinoderms (Gonzalez-Gurriaran and Freire, 

1994, Freire et al., 2009). Tracking of Maja spp. in North Western Spain revealed individuals spent a 

greater proportion of time in coarse sand substrates but isotope analyses showed that over 60% of 

diet originated from rocky substrates (Freire et al., 2009). In the south west UK and Ireland 

M.squinado move inshore in spring and summer and move offshore in winter (Fahy and Carroll, 2009) 

(Table 4). 

Common lobster (Homarus gammarus) utilise similar habitats and food resources as Maja squinado 

and Cancer pagarus, displaying preference for the boundary between sedimentary and rock habitats 

with medium to high wave conditions (Galparsoro et al., 2009). Juveniles burrow into fine sediments 

and mud (associated with broadscale habitats 5.1, 5.2, 5.3 (Table 4)), while adults will form tunnels 

under boulders to avoid predation in sedimentary habitats (Galparsoro et al. 2009). Both juveniles 

and adults utilise crevices and holes to shelter in rock habitats (Linnane et al., 2000). H.gammarus 

feed on annelids, echinoderms and molluscs while juveniles. As adults, H.gammarus feed on smaller 

lobsters, crabs and larger molluscs (Hayward, 1998, Van der Meeren, 2005).  

Common Whelk (Buccinum undatum) naturally occur on all broadscale habitats present in Lyme Bay 

(Table 4). B. undatum are scavengers and carnivorous predators feeding on polychaetes, bivalves 

and carrion, feeding across the range of habitats present in Lyme Bay (Hancock, 1967, Scolding et al., 

2007). B. undatum may also bury in soft substrate with their siphon protruding (Hancock, 1967, 

Scolding et al., 2007).  
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Common cuttlefish (Sepia officinalis) are a short lived species, with a 2 year life span. Within the 

English Channel current research suggests cuttlefish spend the winter months in deeper offshore 

waters, where the water temperatures remain above 9 °C (Bloor et al., 2013a, Bloor et al., 2013b). 

Both adults and sub-adults are then assumed to undertake an inshore migration to shallow water 

areas during the spring (Bloor et al., 2013a, Bloor et al., 2013b). Sexually mature adults are currently 

thought to arrive earlier, followed by sexually immature sub-adults, with both age ςclasses making 

offshore migrations again in the autumn (Bloor et al., 2013a, Bloor et al., 2013b). S. officinalis tagged 

with continuous acoustic transmitters and released in comparable inshore waters in the south west 

UK to Lyme Bay displayed differing spatial movement patterns, with some individuals displaying 

short term site fidelity while others moved over greater distances (>35km) (Bloor et al., 

2013b).  Within Lyme Bay S. officinalis will inhabit sandy or muddy substrates (Table 4), whereby, 

both adults and young bury themselves in the sand during the day (Wilson, 2008). S. officinalis are 

ambush predators, feeding on a wide variety of prey including crustaceans, molluscs, polychaetes, 

small demersal fish as well as other cuttlefish (Wilson, 2008) (Table 4). They are preyed upon by 

elasmobranch species, demersal fishes and other cephalopods (Wilson, 2008). The eggs are attached 

to a range of substrates, including seaweed and shells (Wilson, 2008). The reef features within Lyme 

Bay, in particular the colonising algae and epifauna, thereby provide structures for egg attachment, 

while the high biomass of molluscs, crustaceans and small demersal fish, enhanced by the presence 

of reef features provides significant food resources (Jones, 2000, Smale, 2015). 

Netting, trawling and handline fisheries in Lyme Bay are supported by sole Solea solea, plaice 

Pleuronectes platessa, skate and rays (primarily thornback ray Raja clavata), bass Dicentrarchus 

labrax and cod Gadus morhua (species contributing greatest landings weight and value to fisheries 

within Lyme Bay, as indicated by; Marine Planning Consultants 2014 (Pearce, 2014). Habitats of 

importance to the fish and elasmobranch species of commercial importance to fisheries in Lyme Bay 

can be separated into species groups with similar habitat preferences. The diversity of habitats 

provided in Lyme Bay by rocky reefs and stony reefs, interspersed with coarse sediments and mixed 

sediments provide benefits across these species groups: (i) Flatfish species, (ii) other demersal fish 

(roundfish), (iii) Elasmobranchs.  

(i) Flatfish species, plaice Pleuronectes platessa and sole Solea solea are the principal flatfish species 

targeted by fisheries and share similar habitat preferences (Table 4). Soft substratum with bottom 

living prey animals, such as, shellfish, cockles, razor shells, polycheates, crustaceans and sand eels is 

required by both species (Reeve, 2007, Ruiz, 2007, Hinz et al., 2006) (Table 4). Plaice use sight to 

hunt and utilise clearer habitat with less disturbance, with a preference for sandy patches in rocky 
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areas, such as the soft substratum in between reef features (Hinz et al. 2006). S. solea have a 

broader prey preference than plaice; like P. platessa, S. solea avoid gravelly sediment but use tactile 

and chemo sensory senses to hunt and so occur in muddier sediments or regions with greater 

disturbance (Hinz et al. 2006) (Table 4).   

are also  Dicentrarchus labraxbass and  Gadus morhuacod principally (ii) Demersal fish species, 

occur in a range of habitats from rock to soft  labrax D.. (Pearce, 2014)rgeted by static net fisheries ta

sediments, including sand, shingle and mud, migrating into south western UK coastal regions in 

spring and often displaying site fidelity for long periods (Pawson et al., 2008, Pawson et al., 2007) 

require smaller fish, crustaceans, squid and polychaete  labrax D.. A carnivorous species, )4Table (

prey to be present (Miller, 1997).  

G. morhua range to a depth of 600m. Juvenile (up to 5 years) G. morhua prefer coarser or rocky 

ground (Table 3). As shown by Lindholm et al. (1999) the complex habitats provided by reefs and 

sessile epifauna reduce predation rates of juvenile G. morhua.  G. morhua feed on crustaceans and 

other fish as adults and during juvenile stages will eat zooplankton, particularly copepods (Frose, 

2015) (Table 4). As adults and juveniles G. morhua are present close to the shore in autumn and 

winter while adults move offshore in early spring (Righton et al., 2007).  

(iii) Elasmobranchii species, principally thornback ray Raja clavata and small-eyed ray Raja 

microocellata are caught by net fisheries. Raja clavata contribute greatest landings and migrate to 

inshore coastal waters in spring. Shallow regions are used as nursery areas (including low usage in 

Lyme Bay) (Ellis and Taylor, 2012). Both ray species prefer sand or mud although Raja clavata will 

occur over rock and gravel (Holden, 1974, Rae, 1982, Ellis, 1996). Raja microocellata prefer softer 

sand substratum (Table 4), in which to bury (Kaiser et al. 2004). Raja clavata and Raja microcellata 

feed on a range of species, including crustaceans, shrimp and smaller fish including sand eels 

(Holden, 1974, Rae, 1982, Ellis, 1996, Kaiser et al., 2004) (Table 4).   

Scallop diving and scallop dredging fisheries are supported by scallop species (with dredging 

occurring outside the SI and away from the reef areas within the SCI), primarily king scallop Pecten 

maximus. Queen scallops Aequipecten opercularis, are a less important commercial species although 

fisheries exist in other UK regions (Howarth et al., 2011). 

Adult scallops generally prefer clean, full salinity sea water. They are found on a variety of bottom 

substrates including rock, stones and mixed sand and gravel substrata. The highest abundance has 

been noted where rocky outcrops or boulders occur on a substrate of mixed silty sand with gravel or 

shell (Franklin, 1980). Pecten maximus are often found in shallow depressions in the sea bed and 
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commonly bury into the substratum, A. opercularis are commonly more mobile and found above the 

substratum (Marshall, 2009). Juvenile A. opercularis have shown attachment to maerl beds 

(associated with broadscale habitat 5.5) under mesocosm conditions and in field surveys, suggesting 

these habitats contribute to nursery areas (Kamenos et al., 2004b, Kamenos et al., 2004a, Kamenos 

et al., 2004c, Howarth et al., 2011). Greater habitat complexity, through higher presence of macro 

algae was also related to increased abundance of juvenile A. opercularis within a Scottish marine 

reserve (Howarth et al., 2011). Complexity provided by areas of sessile epifauna such as ross coral 

Pentapora fascialis, ŘŜŀŘ ƳŀƴΩǎ ŦƛƴƎŜǊǎ A.digitatum, pink sea fan E.verrucosa and presence of mussel 

beds also provide shelter and resources benefitting juvenile scallops (Howarth et al., 2011, Sheehan 

et al., 2013). 

Natural hazard protection/regulation of pollution/resilience 

There is a body of peer reviewed evidence that demonstrates that sediment habitats (characterised 

by broadscale habitats A5.1, A5.2, A5.3, A5.4, and A5.5 (Table 3)) have a role in supporting these 

beneficial ecosystem services. Intertidal sediment plays an important role in coastal protection, and 

it is thought that intertidal boulders also afford a degree of protection through the formation of a 

physical barrier which dissipates wave energy and therefore reduces erosion (Jacobs, 2013). 

Seagrass leaves (associated with broadscale habitats A5.5 and A5.3 (Table 1) baffle water currents 

and attenuate waves, reducing erosion and promoting sediment accretion. At the same time roots 

and rhizomes of the seagrass beds bind sediment (Madsen et al., 2001). As such seagrass may not 

only stabilise sediments but in some cases have been shown to provide shoreline stabilisation and 

protection from erosion (Madsen et al., 2001, Cabaco et al., 2008).  Native Oysters Ostrea edulis can 

remove suspended solids from surrounding waters and improve water clarity (Beck et al., 2011). 

Nature watching/tourism/recreation 

Local club diving and independent angling are particularly popular activities in Lyme Bay, and with 

numerous boat and beach access points throughout. These activities make use of the natural marine 

resources that stem from wider biological diversity in the region. High levels of subtidal biomass on 

reefs, including corals, sponges, anemones and large predators such as lobsters and large fish 

(associated with broadscale habitats A3.1, A3.2, A4.1 and A4.2 (Table 2)) are of interest to divers 

(Jones et al. 2000). In the west, Torbay is sheltered from the prevailing weather fronts which allows 

year round access to both shore and reef sites including Morris Rouge, Orestone, Goodrington sands 

and Brixham Breakwater. In the north of the Bay there are well established reef diving sites (e.g. Saw 

tooth ledges). Non club diving and angling activities are supported by a dive business industry (which 
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offer services to divers including gear and training) and a charter boat industry whose skippers take 

sea anglers/divers (who are not using their own boats) to suitable sites (Rees et al., 2010c).  
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6 The identification of ecosystem service and human wellbeing indicators 

that can be used to measure impact. 

6.1 Methods 

A literature review was undertaken to identify the full list of relevant indicators that could be used to 

measure impact of the identified beneficial ecosystem process and services. The review also 

identified previous studies and potential data sources for which time series data may be available. 

The full set of indicators was reviewed by a select stakeholder group at a workshop held in 

Charmouth on the 13th of October 2016 (workshop agenda: Annex II). To define appropriate 

indicators that are linked to wellbeing in the Lyme Bay context the select stakeholder group also 

identified and prioritised indicators for economic wellbeing, social wellbeing and health and 

psychological wellbeing. 

In order to give context to any changes in the ecosystem service and wellbeing indicators a final 

group exercise at the workshop was used to create a collective timeline of how key 

events/interventions shaped activities and influenced outcomes in Lyme Bay. Participants were 

asked to identify significant events that have affected their activities within the Lyme Bay region. 

Although focused on the Lyme Bay MPA the discussion was open ended to identify the main events 

that had affected fishermen in the region. As a result events raised were both related to MPA 

management and partnership activities and other outside events, such as adverse weather and 

national and European level fisheries management (Timeline: Annex III). 

A summary of the full range of indicators that can be used to study changes in ecosystem service 

delivery in the marine environment in relation to the key beneficiaries (fisheries and recreation) are 

included in Annex IV. The stakeholder group agreed a set of indicators most suitable for assessing 

changes in delivery of ecosystem service benefits of commercial fisheries and include both broad 

scale and fine scale indicators. These comprise:  

Broad scale indicators to evaluate the impacts of management measures and the activities of the 

LBCC inside and outside the Lyme Bay Reserve. 

¶ Landings data from species which are associated with the reef habitat at some point in their 

life history.  Landings data from ICES rectangles 30E6 and 30E7; 

¶ Catch per Unit Effort (CPUE) of commercial species and fisheries supported by reef 

ecosystem; 

¶ Composition of the fishing fleet; and 

¶ Fisher employment. 
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Fine scale indicators to evaluate the impacts of management measures and the activities of the 

LBCC on fishermen who either fish in the Lyme Bay Reserve (static gear) or have been displaced from 

the Lyme Bay Reserve (mobile gear). 

¶ Income/profit; 

¶ Past and future investment in the industry; 

¶ Existing and preferred sales strategies; 

¶ Subjective economic wellbeing (related to fishing activity, income satisfaction and 

confidence in future investments); 

¶ Subjective social wellbeing (related to fishing activity, job satisfaction and conflict); 

¶ Subjective health and psychological wellbeing (related to fishing activity, stress and physical 

risk); 

¶ Number of prosecutions (IFCA patrol time); 

¶ Self-reported compliance; 

¶ Acceptance of the MPA; and 

¶ Perceptions and benefits from the LBCC (perceptions of the LBCC and perceptions on 

whether specific activities had delivered benefits). 

 

Indicators of wider influence (outside events) 

¶ Fuel prices; 

¶ Quota; and 

¶ Weather (storm and adverse weather frequency). 

 

Data were sought on all these relevant indicators from the recommended available data sources. 

Data for calculating CPUE were not made available for this project due to commercial sensitivity 

restrictions regarding combined landings and sightings data linked to the individual vessels Port 

Letter and Number (PLN). Changes in effort linked to management measures and the LBCC have 

been analysed from the aggregated landings data and anonymised vessel identifiers.  
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7 A synthesis of fishing activity and landings in Lyme Bay from 2005-2015 

7.1 Methods 

7.1.1 Composition of fishing fleet and employment data: data collection and analyses 

Registered vessel lists for September in each year for 2005-2015 were obtained from the UK 

Government Statistical Data Sets collection. Data from September was used for each year as the 

study commenced in September 2015 and interviews (primary data collection) commenced in 

ŀǳǘǳƳƴ нлмрΦ [ƛǎǘǎ ǿŜǊŜ ǎŜǇŀǊŀǘŜŘ ƛƴǘƻ ΨǊŜƎƛǎǘŜǊŜŘ ŀƴŘ ƭƛŎŜƴǎŜŘ ǾŜǎǎŜƭǎ ǳƴŘŜǊ мл ƳŜǘǊŜǎΣΩ ŀƴŘ 

ΨǊŜƎƛǎǘŜǊŜŘ ŀƴŘ ƭƛŎŜƴǎŜŘ ǾŜǎǎŜƭǎ ƻǾŜǊ мл ƳŜǘǊŜǎΩ. For each vessel length category, vessels relevant to 

the study were selected by home ports within the wider Lyme Bay region: Brixham, Exmouth, 

Teignmouth, Beer, Axmouth, Lyme Regis, West Bay and Weymouth. The Devon and Severn, and 

Southern IFCAs were consulted to verify which vessels actively fished within Lyme Bay and 

approximate crew numbers for each vessel.  

Changes in registered vessels under 10 metres and vessels over 10 metres, within Lyme Bay were 

then plotted for each year from 2005 to 2015. Data were also plotted on the change in registered 

under and over 10 metre vessels for ports within the boundary of Lyme Bay Reserve (Beer, Axmouth, 

Lyme Regis and West Bay) between 2005 and 2015. To assess changes in employment (at sea jobs), 

the approximate number of crew in relation to registered under 10 vessels from ports within the 

Lyme Bay Reserve boundary were calculated. Changes in employment opportunities related to over 

10 metre vessels in the wider Lyme Bay were not assessed as many of these vessels fish outside of 

the 6 mile limit (e.g. the larger mobile (towed) gear vessels based in Brixham).  

Numbers of attendees on Seafish Basic Health and Safety training courses were identified during the 

project workshop as an indicator for new entrants to the fishing industry in the Lyme Bay Reserve 

area, as this course is the basic requirement for new entrants to the industry. Data on numbers 

attending courses run by the Southern Fish Industry Training Association (the Seafish approved 

training provider in the Lyme Bay area) were obtained from Seafish. Data were provided for all 

courses run at locations between Poole and Lyme Regis. Data were extracted on numbers attending 

courses between Weymouth and Lyme Regis as these courses were closest to new entrants to the 

industry with home ports within the Lyme Bay Reserve, as these courses were within 20 miles of 

Lyme Bay Reserve. Since 2012 courses were hosted at Lyme Regis and numbers attending these 

ŎƻǳǊǎŜǎ ǿŜǊŜ ŀƭǎƻ ǇƭƻǘǘŜŘ ǎŜǇŀǊŀǘŜƭȅ ŀǎ ǿŜƭƭ ŀǎ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ Ψŀƭƭ ǇƻǊǘǎΩ Řŀǘŀ ǎŜǘ ŀǎ ǘƘŜǎŜ ŎƻǳǊǎŜǎ 

were run at a location adjacent to the Lyme Bay Reserve. 
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7.1.2 Fishing activity and landings: data collection and analysis 

Data on the volume of species landed by different gear types were obtained from the Marine 

Management Organisation (MMO) for each vessel that has fished in Lyme Bay (ICES statistical 

rectangles 30E6 and 30E7) from 2005 to 2014 (Figure 6).  

As data pre-dated the DecembeǊ нлмо LC/! ōȅŜƭŀǿǎΣ ǘƘŜ ǘŜǊƳ ΨwŜǎŜǊǾŜΩ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ нллу {L 

closed area boundary until the December 2013 IFCA byelaws came into effect, after December 2013 

ǘƘŜ ǘŜǊƳ ΩwŜǎŜǊǾŜΩ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ŎƻƳōƛƴŜŘ ōƻǳƴŘŀǊȅ ƻŦ ǘƘŜ нллу {L ŀƴŘ ǘƘŜ SCI (IFCA byelaws) 

(Figure 6). Demersal mobile gear is not permitted for use within the SI.  Some areas within the SCI 

can be accessed with demersal mobile gear.  

 

Figure 6 Spatial extent of ICES statistical rectangles 30E6 and 30E7. 

 

The catch data included the wet weight and value of landings reported by fishermen and fish 

merchants to the MMO, landed at various ports around Lyme Bay. The data set included the date 

the fishing took place, species caught, ICES rectangle fished, and the gear type used. We understand 

that these data could be underestimating the actual landings and fishing effort as there is no 

statutory requirement for fishermen to declare their catches for 10 metre and under vessels. 

Landings records for 10 metre and under vessels are therefore collated from log sheets and landings 

declarations supplied by fishermen and  sales notes from buyers and sellers (MMO, 2016). We have, 

however, used this data set as it presents the official landings and provides a proxy indicator for 

fishing effort. 
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Information from enforcement agencies and data on sightings were used to match locations of 

where (inside or outside of the Reserve) fishing was being undertaken. This assumed that the catch 

of each vessel came from the location at which the vessel had been sighted. This is not true for all 

vessels especially the large vessels (over 10m) and therefore was only applied to vessels that were 

sighted and those that the Devon and Severn IFCA could confirm would only fish in certain areas. 

This underestimates the value of catches coming from the various areas but because we could not 

obtain disaggregated data due to data protection laws, the combination of expert judgements, the 

sightings data together with the landings data has allowed us to make inferences on whether the 

vessel fished inside or outside of the Reserve.  

To assess changes in fishing effort, changes in the number of static gear and mobile gear vessels 

fishing inside and outside the Reserve were calculated as mean number of vessels fishing in each 

area (inside and outside the Reserve) per year and mean number of trips to each area per year. Due 

to data confidentiality, sightings data was not available at the vessel level. The data covering 2005 to 

2014 were split into years from July to June as the initial 2008 SI closure commenced in July 2008. 

The process was repeated to analyse weight (kg) (mean kg per vessel per month for each year 2005-

2014) and value of total landings (£) (mean £ per vessel per month for each year 2005-2014). Fishing 

activities were separated as static or mobile gear types fishing inside or outside the Reserve. This 

separation reflects activities that were still permitted and those that are no longer allowed. Landings 

data were further interrogated to analyse mean landings per month per vessel for 8 of the key 

commercial species identified in Section  5.2.2 (review of beneficial ecosystem services): Whelk, 

Scallop, Crab, Lobster, Cuttlefish, Lemon Sole, Sole and Plaice. 

In order to test for changes in effort and landings data over time, one-way analysis of variance 

(ANOVA) was used. This was to determine whether there are any significant differences between the 

means of the 12 year groups between 2005 and 2014. Where a significant difference was found, 

Tukey's HSD post hoc analysis was used to compare all pairs of means for the different years. The 

ANOVA procedure requires data to be normally distributed and variance to be homogeneous, 

therefore data were first tested for normality of distributions using the Shapiro-Wilk test and 

ƘƻƳƻƎŜƴŜƛǘȅ ƻŦ ǾŀǊƛŀƴŎŜ ǿŀǎ ǘŜǎǘŜŘ ǳǎƛƴƎ [ŜǾŜƴŜΩǎ test. For activity or landings data sets where 

Levene's test for homogeneity of variance was significant, Welch's ANOVA was used followed by 

Games-Howell post hoc analysisΦ ²ŜƭŎƘΩǎ !bh±! ό²ŜƭŎƘΩǎ F test) was used as this procedure does 

not assume that the variances of the groups being compared are equal (Tomarken and Serlin, 1986).  

The p-value provided by the statistical test can range from 1.00 to 0 and indicates the probability of 

random sampling resulting in the means (of values in fishing activity and landings each month 
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2005/06-2013/14) as far apart as observed in the data set being tested. A small p-value indicates 

that the differences in the data are unlikely to be due to random sampling. If the p value returned is 

below 0.05 the difference is considered significant as the statistical test indicates there is only a 5% 

or lower probability that the differences observed in means could have been returned by random 

sampling and 95% probability that the annual activity and landings data do not have identical means. 

As this test compares the means across all years, it does not indicate which years are different and 

therefore the post hoc tests were used to identify which years differed. 
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7.2 Results 

7.2.1 Changes in composition of the Lyme Bay fishing fleet  

Fishing within the Lyme Bay Reserve is dominated by smaller under 10 m (inshore) vessels that 

mainly fish within the 6 mile limit. Under 10 metre vessels comprise approximately 74% of the total 

number of vessels registered to ports within the Lyme Bay study region and 96% of vessels 

registered to ports within the boundary of the reserve. In the study period (Between 2005 and 2015), 

the number of under 10 metre vessels registered to ports within Lyme Bay Reserve has remained 

stable between 38 to 44 vessels (Figure 7). A similar stable pattern was evident in the number of 

over 10 metre vessels registered to ports within the Reserve boundaries. Over 10 metre vessels 

registered to ports within the reserve boundaries have ranged between 2 in 2008 to 3 in 2015, with 

a peak of 4 registered vessels in 2011 (Figure 7). Since 2012, registered vessel data from MMO 

included scallop licenses related to each vessel. These data show that 2 of the 3 over 10 metre 

vessels in 2012 and all 3 registered vessels in 2013-2015 (with home ports within the Reserve) held 

scallop licenses, and would therefore have to undertake this activity outside of the Reserve 

boundary. 

In the wider Lyme Bay region there has been an overall decline in the number of under 10 metre 

vessels between 2005 and 2015. The highest number of vessels was registered in 2012/13 (213 

vessels), while the lowest in 2015 (191 vessels). The overall number of vessels in this 10 year period 

show a range of plus or minus 22 vessels. Conversely, there has been an increase in the number of 

over 10 metre vessels in the 2005-2015 period (68 vessels in 2005 and 69 vessels in 2015). The 

highest number of vessels were registered in 2007 (73 vessels). The lowest number of vessels were 

registered in 2011 (58 vessels). The overall range of data in this 10 year period representing 

additions or losses of 15 vessels (Figure 7). 

In terms of links to the timescale of significant management measures (the 2008 closed area and the 

introduction of IFCA byelaws December 2013) and activities of the LBCC, no causal links can be made 

as there are wider environmental or social and economic factors influencing the number of 

registered vessels e.g. retirement, decommissioning schemes. Additionally, registered boat lists are 

not truly representative of vessel numbers as a boat may fish in Lyme Bay but be registered 

elsewhere in the region. However, it can be observed that the peak in under 10 metre vessel 

numbers between 2008 and 2009 registered to Lyme Bay Reserve ports and a small increase (2 

vessels) in over 10 metre vessels between 2008 and 2011 correspond to the years the SI closure was 

established. Additionally, it must be noted that in the UK as a whole there is a national trend of 

decline in the number of under and over 10 metre vessels registered (Elliot et al. 2014). Whilst the 
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number of under 10 metre vessels registered to ports in the wider Lyme Bay region has declined in 

the 10 year period, supporting this national trend, the number of under 10 metre boats registered to 

ports within the Reserve boundary has not declined, nor has the number of over 10 metre boats 

registered to ports both inside and outside the Reserve. It is possible that the presence of a large 

port and related shore based service industries at Brixham may continue to support larger vessels in 

the wider Lyme Bay region. Additionally, the management and opportunities presented by the LBCC 

may provide some resilience to the under 10 metre fleet registered to the Reserve ports against a 

national picture of decline. 

 

                                                                                                                                                                                              

a)                                                                        

b)  

Figure 7 Numbers of vessels between 2005-2015 with; a) registered home ports within the boundaries of Lyme Bay 
Reserve; b) registered home ports across all Lyme Bay study region 
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7.2.2 Changes in fishing industry employment related to active vessels 

At the time of the study individual under 10 metre vessels operating from ports within the boundary 

of the Reserve supported employment for between 1 and 3 crew (only 3 vessels, all in West Bay, 

were identified by IFCA representatives as being operated by a crew of up to 3 fishermen, including 

the skipper). The majority of under 10 metre vessels from the major ports in the wider study area, 

Weymouth and Brixham, were also operated by up to 3 crew (indicated by consultation with 

regional IFCAs) per vessel. Larger over 10 metre vessels operating from ports in the study region are 

operated by between 2 and 4 crew (including the skipper).  

Between 2005 and 2015, under 10m vessels from ports within the Reserve boundary supported a 

minimum of 38 and a maximum of 76 at sea jobs. There has been no net increase in the number of 

at sea jobs linked to the under 10 m fleet registered to vessels in Reserve ports between 2005 and 

2015. Given the range in the number of vessels registered during this 10 year period, between 6 and 

8 at sea jobs have been created and lost in this timescale. A decrease in registered under 10 metre 

vessels since a peak of 44 vessels in 2009 to 38 vessels in 2015 was spread between Axmouth (1 

vessel less), Lyme Regis (2 less vessels) and West Bay (3 less vessels). This represented an 

approximate reduction in a minimum of 6 and maximum of 18 at sea jobs (consultation with regional 

IFCAs). 

Over 10 metre vessels registered to ports within the boundaries of the Reserve supported between 

4 and 8 at sea jobs in 2005 and between 6 and 12 at sea jobs in 2015. The reduction of 22 under 10 

metre vessels registered with home ports across the wider Lyme Bay region, from a peak of 213 

vessels in 2008 to 191 vessels in 2015, represents a potential decrease of a minimum of 22 at sea 

jobs (and maximum of 66 jobs). 

These results must be interpreted with caution as the data on registered vessels does not indicate 

actual crew numbers (employment) even though verification on numbers has been sought through 

consultation with regional IFCAs. The information on vessel and crew numbers also does not indicate 

the level of activity. Additionally, it is important to consider that some inshore fishermen are part-

time or near retirement age. Fishermen may also have sought other employment on other vessels 

and therefore jobs are not necessarily lost.   

7.2.3 Changes in numbers of new entrants to the industry 

Numbers of attendees of the Seafish Basic Health and Safety training course for all ports in proximity 

to Lyme Bay Reserve (under 20 miles) remained within a range of between 0-21 between 2005 and 
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2011 (Figure 8). Peaks were seen in 2005 (15 attendees) and 2009 (21 attendees). Since 2012 the 

range of numbers attending the Seafish Basic Health and Safety Training course has been higher 

than previous years, from 2012 to 2015 between 20 and 40 people attended the training courses). 

Peaks were seen in 2012 (40 attendees) and 2015 (33 attendees). Since 2012 the course has been 

held in Lyme Regis as well as Weymouth and Portland. The high numbers of attendees for courses in 

Lyme Regis (within a range of between 20 and 30 attendees between 2012 and 2015) account for 

the higher overall number of attendees between 2012 and 2015.  

 

Figure 8 Number of attendees on the Basic Health and Safety courses delivered by the Southern Fish Industry Training 
Association in ports between Lyme Regis and Weymouth between 2005 and 2015 and just in Lyme Regis 2005-2015. 

It is unknown if the high attendance for courses in Lyme Regis may be due to decreases in courses 

run in other ports in the South Devon and Dorset regions, resulting in attendees travelling from the 

wider region. Therefore, confidence in these results reflecting an increase in new entrants to the 

fishing industry in the local region, surrounding Lyme Bay Reserve (under 20 miles) has been treated 

with caution and considered low. However, the data suggest that there has been an increase in new 

entrants to the industry in the region immediately surrounding Lyme Bay Reserve between 2012 and 

2015. 

7.2.4 Changes in fishing activity  

The number of vessels actively fishing inside and outside the Lyme Bay Reserve and reporting 

landings from ICES statistical rectangles 30E6 and 30E7 per month has increased over the 9 year 

period from 63 in 2005/2006 to 105 vessels in 2013/2014 (mean number of vessels per month) 

(Figure 9 a, b). The number of vessels using static gear, fishing inside the Reserve has shown the 

smallest increase (from 27 vessels in 2005/2006 to 28 vessels in 2013/2014), while the number of 
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vessels using static gear fishing outside of the Reserve has shown the greatest increase from 29 

vessels in 2005/06 to 61 vessels in 2013/2014 (an increase of 32 vessels).  

Numbers of vessels using towed gear fishing outside the Reserve increased from 10 vessels in 

2005/2006 to 17 vessels in 2006/2007. The number of vessels then declined to the lowest point 

between 2009 and 2011 (13 vessels) (Figure 9, a, b). In the 9 year period (2005 to 2014), the number 

of mobile gear vessels actively fishing per month has increased overall from 10 vessels in 2005/2006 

to 16 vessels in 2013-14.  

Data on mean number of trips per month for all vessels indicates that total fishing effort (mean 

monthly trips for all vessels, combined for all fishing practices) across Lyme Bay had increased 

significantly between 2005 (199 trips) and 2014 (722 trips) (WelchΩs F = 39.37, P <0.01). A significant 

increase in the number of trips conducted by those fishing inside and outside of the Reserve with 

static gear, from 124 trips (mean number of trips per month for all vessels) in 2005 to 637 trips in 

2014, accounts for much of this increase (Figure 10a) (inside, WelchΩs F = 30.9, P <0.01, outside, 

WelchΩs F = 41.3, P <0.01). It is important to consider when interpreting this result that mean 

monthly trips in each year were calculated from available landings and relevant sightings data and 

corroboration from regional IFCAs. As there is no statutory requirement for fishermen to declare 

their catches for 10 metre and under vessels and level of voluntary declarations may have increased 

or decreased over the years, the data may not reflect actual landings and spatial effort. Similarly 

sightings data is dependent upon patrol effort, which also changes over time. As such, results should 

be interpreted with caution. As discussed, we have used this data set as it presents the official 

landings and provides a proxy indicator for fishing effort. 

In terms of links to the timescale of significant management measures (the 2008 SI closed area and 

the introduction of IFCA byelaws December 2013) and activities of the LBCC no definitive causal links 

can be made as there are wider environmental or social and economic factors influencing fishing 

effort e.g. weather. Additionally, the interpretation of the data is limited by the available data which 

only relates to the ICES statistical rectangles 30E6 and 30E7 and does not take into account wider 

fishing activity, nor does it truly capture displacement of fishing activity. However, a number of 

observations can be made from the data. Overall there has been a significant increase in effort from 

vessels using static gear inside the Reserve (WelchΩs F = 30.9, P <0.01). Following the initial SI closure 

the number of trips per month within the Reserve for vessels using static gear increased from 36 in 

2005 to 173 in 2009/2010 (Games- Howell pair wise comparison, number of trips, 2005/2006 and 

2009/2010 P = 0.03). This suggests that there was a significant increase in effort in the years 

following the initial closure. The mean number of fishing trips per month for static gear vessels 
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fishing inside the Reserve continued to rise between 2009/2010 and 2010/2011 to a peak of 282 

trips per month. Fishing effort from vessels using static gear then declined slightly between 

2010/2011 and 2012/2013 to 223 mean trips per month to grounds inside the Reserve. The number 

of trips per month within the Reserve for all vessels using static gear increased again in 2013-2014 

(Figure 10a). It can be noted that fishing effort for static gear boats inside the Reserve increases 

during the period the LBCC has been active and IFCA byelaws have been announced for the SCI 

(candidate SAC). 

Overall the data suggests there has been a significant increase in effort from vessels using static gear 

outside the Reserve (WelchΩs F = 41.3, P <0.01). The mean number of fishing trips for all vessels using 

static gear outside the Reserve increased year on year apart from 2011/2012 to 2012/2013 (Figure 

10a). Fishing effort rose from 88 mean trips per month (all static gear vessels) in 2005/2006 to a 

peak of 395 trips in 2013/2014 (Figure 10a). The greatest increase in mean trips per month outside 

the Reserve was between 2005/2006 (88 trips) and 2007/2008 (246 trips) (Figure 10a), reflecting the 

increase in the number of vessels fishing with static gear outside the Reserve during this period 

(Figure 9a), and corresponding to the original SI closure. Although fishing effort of vessels using 

static gear outside the Reserve decreased from 370 trips in 2011/2012 to 340 trips in 2012/2013 

effort increased again in 2013/2014 to a peak of 395 trips. The range of effort in these years was 

high (340-395 trips) in relation to the range in previous years (88-355 trips, 2005 to 2011). These 

years correspond to the period the LBCC were active and IFCA byelaws were introduced. Given the 

significant increase in effort from vessels using static gear both inside and outside the Reserve it is 

likely that there are other factors supporting static gear fisheries in the Lyme Bay region, such as 

availability of species or markets, as well as the influence of selective gear spatial management 

measures. It can also be considered that the spatial measures that comprise the Reserve may have 

been influencing where static gear fishermen choose to fish and may have attracted fishermen from 

other areas. 

 

Before the SI closure, the number of fishing trips per month made by fishermen using mobile (towed) 

gear was slightly higher inside the closed area than those made to outside the closed area (41 trips 

per month (mean) inside compared to 35 outside), suggesting the area was an important fishing 

ground. This however changed from July 2008 when all bottom towed (mobile) fishing activities 

were banned from fishing inside the closed area (Figure 10b). Fishing effort for vessels with mobile 

(bottom towed) gears increased significantly in the remaining open grounds following the 2008 SI 

closure (number of trips per month for all mobile gear vessels in the years after the closure, 

compared to the years before the closure, t = -7.45, P <0.001). This effort outside the Reserve has 
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continued to increase throughout the 10 year time period (from 53 trips in 2005/2006 to 85 trips in 

2013/2014). 

 

Of interest for the mobile fleet is that the number of vessels fishing with mobile gear outside the 

closure did not increase but remained stable and then decreased following the closure (16 vessels in 

2008/2009 and 2009/2010, and then decreased to 13 vessels in 2009/2010 and 2010/2011), despite 

displacement of between 4 and 9 vessels that had been fishing with mobile gear inside the closure in 

the 3 years prior to the 2008 SI closure (Figure 9b). It is possible that the results of the mean number 

of trips per month for mobile vessels inside the Reserve, in the years prior to the SI closure was high 

due to presence of visiting mobile gear vessels from outside the region, prior to the SI closure. The 

lack of direct transfer from inside to outside the Reserve also suggests that vessels may have been 

displaced to fishing grounds outside of these ICES areas. 

 

Mean trips per month by vessels using mobile gears to locations outside the Reserve increased 

significantly over the period of the study from 53 (2005) to 85 trips 2013/2014 (WelchΩs F = 4.5, P < 

0.03). An initial increase occurred from 53 trips in 2005 to 76 trips between 2008/2009 and 

2009/2010, also indicating displacement of effort following the initial closure. Fishing effort from 

vessels using mobile gear (mean number of trips per month for all mobile gear vessels) continued to 

increase each year outside the Reserve, reaching a peak of 101 trips in 2012/2013 (Figure 10b). 

Effort decreased in 2013/2014 to 85 (mean number of trips per month for all mobile gear vessels) 

outside Lyme Bay Reserve. However, this change was not significant (Games-Howell pair wise 

comparison 2012/2013 and 2013/2014, P = 0.9) and was still within the range of values seen 

between 2008/2009 to 2010/2011 (76 to 85 trips). It can be observed that mobile gear effort has 

increased outside of the Reserve throughout changes in management during this time period. A 

slight decline in effort can be observed between 2012/2013 and 2013/2014, after December 2013 

when IFCA byelaws were introduced, preventing towed (mobile) gear in some further areas of Annex 

I reef habitat. There was also a period of intense storminess in the winter of 2014 which may have 

limited time at sea. 
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a)  b)   

Figure 9 Number of vessels per month (mean) actively fishing inside and outside the closure/ Lyme Bay Reserve post 2013) for a) static and b) mobile gear categories. 

a)  b)  

Figure 10 Number of trips per month (mean) conducted by vessels to locations inside and outside the closure closure/ Lyme Bay Reserve post 2013 for a) static and b) mobile gear categories. 
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7.2.5 Changes in landings 

Comparisons of data on weight of landings (mean kg per vessel per month) from 2005 to 2014 show 

that the volume for all species landed by static gear fishermen, from trips within the Reserve, 

significantly increased from 2.6 tonnes in 2005/2006 to 3.5 tonnes per vessel per month in 

2013/нлмп ό²ŜƭŎƘΩǎ F 2.1, P = 0.05), (Figure 11a). The value of landings also significantly increased 

ƻǾŜǊ ǘƘŜ ф ȅŜŀǊ ǇŜǊƛƻŘ ό²ŜƭŎƘΩǎ F 3.6, P = 0.03). Between 2005/2006 and 2009/2010 there was a 

steady rise of between £102 and £386 each year in mean monthly landings value per vessel. The 

largest rise (£500) occurred between 2009/2010 and 2010/2011 (Figure 11a).  Static gear landings 

peaked in 2010/2011 (3.8 tonnes per vessel per month). Landings weight (mean kg per vessel per 

month) sharply declined between 2010/2011 and 2011/2012 to 2.2 tonnes, before recovering to 3.5 

tonnes in 2013/2014 (Figure 11a). However, value of landings show a much smaller decline in 

relation to the decrease in landings weight in 2011/2012, falling to £2918 in 2011/2012 and 

recovering steadily to £3501 in 2013/2014. This suggests that from 2010-2011 a higher value is 

achieved for less weight landed, which could be caused by a decrease in landings weight for lower 

value species, changes in market prices or catch composition and static gear fishermen targeting 

higher value/lower weight species. 

Overall, landings weight from vessels operating static gear outside the Reserve decreased slightly 

from 3.3 tonnes (mean per month) in 2005/2006 to 2.4 tonnes (mean per month) in 2013/2014, 

despite the evidence that static gear fishing effort outside the Reserve had increased. Landings 

values, however, slightly increased, (from a mean of £3456 in 2005/06 to £3470 per vessel per 

month in 2013-14). 

The total weight of landings from all static gear fishing outside the Reserve initially showed a 

significant decrease from 3.3 tonnes (mean per vessel per month) in 2005/2006 to 1.3 tonnes in 

2007/2008 (Games-Howell pair wise comparison 2005/2006 and 2007/2008 P = 0.05). A gradual 

increase to 2.4 tonnes in 2010/2011 (Figure 12a) corresponds to the increase in effort (no. trips and 

vessels) occurring after the 2008 SI closure (Section  7.2.4). Landings from outside the Reserve by 

static gear vessels followed a similar trend to landings from inside the Reserve, decreasing in 

2011/2012 and 2012/2013 (to 1.6 tonnes and 1.4 tonnes respectively), before recovering in 2014 (to 

2.4 tonnes) (Figure 12a). Value of landings from outside the Reserve also showed a smaller decline 

during this period compared to weight of landings, suggesting similar factors have affected the static 

gear fisheries inside and outside the Reserve in these years. 
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The landings achieved per vessel (kg) and the value received (£) are greater for static gear vessels 

operating inside the Reserve compared to vessels outside the Reserve (Figure 11, Figure 12). 

Landings from static gear fisherman operating outside the Reserve are dominated by landings of 

whelk.  

Landings for mobile (towed) gear fishermen sharply declined within the area that was closed by the 

2008 SI closure, from 11 tonnes (mean per vessel per month) in 2005/2006 to 3.7 tonnes in 

2007/2008. This decline preceding the SI closure is supported by the evidence for a decrease in 

effort (section  7.2.4) during this period, possibly linked to the voluntary closures that were agreed 

during this time period (Section  7.2.4; Figure 11). Landings for mobile gear fishermen fishing outside 

the Reserve also declined from 26 tonnes (mean per vessel per month) in 2005/2006 to 3.7 tonnes in 

2007/2008, although the high landings weight in 2005/2006 was due to a small number of very high 

volume landings of mussels which are (at this point) unexplained. Changes in landings of the mobile 

fleet and value achieved are linked to management measures associated with the Reserve as fishing 

vessels and effort have been displaced. Other influences include composition of species landed, 

market prices, quota and weather. 

Changes in value of landings (mean £ per vessel per month), pooled for fishing locations both inside 

and outside the Reserve, shows landings values for mobile (towed) gear fishermen decreased 

significantly, from a peak of approximately £24561 (mean per vessel per month) in 2005/2006 to 

approximately £6056 (mean per vessel per month) ƛƴ нлмоκнлмп ό²ŜƭŎƘΩǎ F = 13.5, P <0.01). 

Meanwhile, landings for static gear vessels increased significantly from £5411 (mean per vessel per 

month) in 2005/2006 to £7267 (mean per vessel per month) in 2013/2014 ό²ŜƭŎƘΩǎ F = 2.6, P = 0.02). 

This indicates there has been a decrease in landings value for mobile (towed) gear fishermen, 

despite increased effort in remaining open grounds in Lyme Bay. The reduced fishing grounds in ICES 

rectangles 30E6 and 30E7 for mobile gear, combined with the fact that the most productive grounds 

for scallops (DSFC 2008) are in the areas that were closed to towed gears by the 2008 SI closure and 

2013 IFCA byelaws will have had an impact on landings. As Mangi et al. (2012) identify, this may 

explain the decline in fishing income for towed gear fishermen from these two rectangles. 

Conversely, annual sea fisheries statistics published by the MMO show that at a national level, the 

value of landings from fishermen using mobile gears rose from 2006 to 2012 and remained higher 

than 2006 in 2013 and 2014 (Elliot et al. 2014). It is possible that mobile gear fishermen who have 

been displaced as a result of management measures within the ICES rectangles 30E6 and 30E7 have 

sought other fishing grounds. 






















































































































































































