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Foreword

The developmentand 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 bwtt@d 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 Blie Marine Foundation (BLUE) became involved in Lyme Bay in 2011 and set about to address
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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 succasF dzf £t @ GNAI € SR GKS dzasS 2F | W¥dA @

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 ecosystéressand

the wellbeing 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 measuregreed through the Consultative Committee have
clearly been successful in improving the wWaling for those fishermen directly involved in the
project. Measures such as installing chiller units in ports for maintaining fresh catches and the
development of#wS & SNBSS { S| F 2 2 Rdurceil fish an8 shellfish alza frénfiuyh havé &
both been very successful and popular with the local fishers involved. Indeed fishermen interviewed
for this study strongly agreed that these two measures have benefittedt tivelihoods.

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 patrticipated in the project has beenthigndeed one local environment group has stated
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continue D 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
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1 ExecutiveSummary

In this study we present agvaluation frameworkhat integratesecosystem services and human
wellbeingindicatorsto measure the impacts of: 1) management measures directly associated with
the Lyme Bayrisheries and Conservation Reseane 2) partnership activities associated more

broadly with the Lyme Bay Consultative Commitbeelyme Bay resouraesers

Lyme Bay has been noted as beingpega of ¥ K A 3K A LISOASA NAOKySaa GKFG A
threateneR & LIGHSdo&, 20D 7 Habitats of conservation importance include reefs, seagrass

beds and subtidal muds. Species of conservation importance in Lyme Bay such as the Rink Sea F
Eunicella verrucss, are indicators of a structurally complexosystem, free from physical

disturbance These habitats and species interact to support the deliverge¥eral ecosystem

processege.g. primary and secondary production, formation of species halzitat)ecosystem

serviceqe.g. fish fofood)within Lyme Bay

The protection of the reef habitat from bottom towed gear, firstly via voluntary management
measures (10kR) then via a206knt Statutory Instrument (SI closure or closed area), faemtral
government (Defrain 2008; and finally viayelawsimplemented by the Southern Inshore Fisheries
and Conservation Authority (IFCA) and Devon and Severn IFCA to gR8kai? ofHabitats

Directive 92/43/EE@nnex Ireef featuresin Lyme Baywithin a 312km Site of Community Interest
(SClyhat aims to consern 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 Sl closure and the SCI form the boundattyeof yme Bay Fisheries and

Consenration Reservetermed in this report agshe Lyme Bay Reserve.

In 2011, a nofgovernmental organisation (NGO), the Blue Marine Foundation, formed-aqiine
working group for the.yme Bay Reseryevhich led to the implementation of morgscific MPA
manggement measures. An initidemorandum of Understandin@MoU) was developed, to be

signed by all parties involved in the Lyme Bay Fisheries and Conservation Reserve, including local
fishermen,conservation agencies, scientistSCAs and MMO representatiazeThe MoU established

the basis for the Working Group (ndive Lyme Bayonsultative Committed BCG)¥or members to
promote and implement best practice in fishery and conservation management. Fishery and
conservation management actions includedcoduwmtary Code of Condu@roposed as a means of
achieving effective management to maintain sustainable fishing practices within the Lyme Bay
ReserveThe code of conduct includealuntary measures including the fitting of IVMS (riade

monitoring) systems ahcaps on the volume of fishing gear deployed by vessels within the Lyme Bay
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ReserveWider partnership activities by theBCGnhcluded development ohew markets and

branding investment in posharvest icing infrastructure, and knowledgbaring and traiing
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 thactivitieslinked to the LBCRave 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 Sl clage in 2008, ecological data halseen collectecannuallyby acadents from
Plymouth University. The results demonstrétat 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., 2013hesespeciesvere found in greater abundance aeef
habitat andpebbly-sand habitat in areas closed bottom-towed fishing compared to those where
suchfishing continuesCollection of soci@economic data has been more lted, confined to the 3
years post Sl closure. Initial results demonstddteat there had been displacement of the mobile
(towed) gear fleet and permittedommercial fishing activities haoliferated within the Sl closure
(Mangi et al., 2011)and recreation participants and providersthiacreased their use of the area

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

This research,a@nmissioned by the Blue Marine Foundation, aims to evaluate the ingddbe
management measures that form the Lyme Bay Reserve angittieership activities of th€ BCC
on Lyme Bay resource usefm evaluation framework has been designed for the puepax this

project in the following parts:

1 A reviewof published researcto identify linksbetweenthe ecology of the case study area
andpotential ecosystem services (e.g. food, recreation) and measures of human wellbeing

1 A multistakeholder workshopatidentify key indicators of impact on importaetosystem
services andaspects ohuman wellbeing

1 A synthesis of existing secondary data on fishing activity and landings in Lyme Bay from
20052014,

9 Primary data collection involving a survey of fisherrneassess the impacts of the
management measures associated with the Lyme Bay Reserve and the activitiekBC@ie
on human wellbeing; and

1 An evaluation, providing eonfidence rating to assess if each indicator and the wider
agreement of evidence carceurately reflect the impact of management measures and the
activities of the LBCC.

The results show thahe habitats and species of Lyme Bay interactupportthe delivery of

several ecosystem procesg@esg. primary and secondary production, formatmirspecies habitat)



and ecosystem servicés.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
SO02a8ai0SY ASNUAOST RFK IINRIYXYSNDH2dzAf R 0SS (KS F20dza
group agreed a set of indicators most suitable for assessing changes in delivery of ecosystem service

benefits of commecial 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.

9 Landings data from species which are associated with the reef habitat at some point in their
life history. Landings data fromCES rectangl&S9OE6 and 30E7.

9 Catch per Unit Effort (CPUE) of commercial species and &stsrpported by reef
ecosysterh.

9 Composition of the fishing fleet

1 Fisher employmenand new entrants to the industry

Fine scale indicators to evate 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 indug.

Existing and preferredages strategies

Subjective economic wellbeinmpéome satisfaction).
Subjective social wellbeing (job satisfaction, conflict).
Subjective health and wellbeing (stress).

Number of prosecutionFCA patrol time)

Selfreported mmpliance

Supportfor the MPA

Supportfor the LBCC and perceptions on whether specific activities had delivered benefits.
Indicators of outside events (wider influences), including;

9 Fuel prices changes

1 Quota changes

1 Weather events (frequency of stormscadverse weather)

=A =4 =4 4 -8 4 -4 -8 -4 -8 9

To evaluate whether the broaddeasand fine scale indicatoexcurately reflect the impact of

management measures and the activities of tHBC(Ca confidence rating is applied which combines

! 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 bea 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 30E?7.



an assessment of the quality of the indicabarsed on the data source and knowmitations of the
data, with the level of agreement itthe evidence e.g. statistical analysis/ergent perspectives in

gualitativedata.

Analysis of the broadscale indicators demonstsdtet, in the UK as a whaléhere is a national

trend of decline in the number dfoth under and over 10 metre vessels registered. The number of
under 10 metre vessels registered to parghe wider Lyme Bay regidras declined in the 10 year
period,from 201 vessels in 2005 to 19éssels in 2014upporting this national trend. The number

of under 10 metre boats registered to ports within the Resdyswandaryhas notdeclined nor has

the number of over 10 metre boats registered to ports both inside and outside the Reserve.S here i
however,low confidence thathisindicator reflecsimpactthat can be attributed directly to

management or partnership activities.

Between 2005 and 2014 there has been a significant increase in fishing effort fordssls using
mobile gear(outside andvessels usingtaticgear typeqinside and outside). This indicator is
supported by on the ground observations from Ibfishermen. Landings of whdluccinum
undatumdominate the catch for static gear fishermen operating both inside and outhiEl®eserve
thoughweight of landingsippears to be declining. Highhelk Buccinum undatuntandings may
reflectchanges in static fishing effatiue to the Reserve management measuitas, arealso
influenced bythe presence ofmarketdemandandrelated vaiie. Declining weight of landings may

also reflectthe 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 ims of increases in mean monthly landings (weight and
value mean per vessel per montifor crabCancer pagaruand scallop®ecten maximuéSCUBA

dive caught)Cancer pagaruand Pecten maximuare both species that are associated with the
protectedreef habitat (Annex 1 bedrock reef andlosy reef)suggesting that management measures
may be beneficial for the associated fishefhusthere is higler confidence that these indicators
accurately reflect the impact of management measurgsoduced since 208 Values ofCancer
pagarusand Pecten maximugiver caught)anded from vessels using static gear inside the Lyme

Bay Reserve are alsgusificantly highebetween2011- 2014 when compared to the yeapseceding

and mmediatelyfollowing the 2008 S| cdure.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 fishefhere is greater confidence in this relationship Factenrmaximus

than for Cancer pagaruas natonal fisheries statistics sholndings(weight and value) of crab to

portsin England by UK vessels have increased between 2009 and 2015, suggesting changes in Lyme



Bay may be within this national trer{&lliott, 2014) Landinggweight and valuedf scallops into
England by UK vesselave however, decreased between 2009 and 2Q1H4e period when the
greatest increase in landing®m within Lyme BayReservgdmean per vessel per montbgcurred
(Elliott, 2014)

Mobile gear fishermen who were displaced from the original Sl closure have experienced negative
effects of the management measures to create the ReseThere 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@teS statistical

rectangles daot 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 dfairadl over time (2002015) and
differences among static fishermen (those involved in the LBCC or not) and between static and
mobile gear fishermen. For static gear fishermen involveithé 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 ajessatic
fishermenidentified the Sl closure and LBCC activities as the two most beneficial events, with gear
conflicts prior to 2008 and poor weather in 202815 as the two most negative events. This group

were strongly supportive of the 8losureand the LBCC, and rankéx® perceived benefits of

partnership activities very highly, in particular the additional iéftastructure and théReserve
Safoodbrand. Data on existing and preferred sale strategies showed thhetijeen 1838% of

the catch of static fishermeis 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
Reserve Seafoddt a premium directly to London, and; iii) that fishermer arterested in

expanding local andReserve SeafodBales 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 decreasedremained 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
fishemen were initially negatively impacted by the SI closure in 2008 but, having fully converted to
static gears, novexperience the benefits of theeRerve. Poor weather in 2042D15 and low quotas

were the two most important negative events. This group stiérmen were only mderately

supportive of Sl closurend showed very low support for the LB@{though there was large



variation within the group. Fishermen explained these results by the loss of trust during the
implementation of the2008SIclosureandcontinued 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 sfttion 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
alsomoderate 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 andicahthn the static gear fishermen.

This group of fishermen showed very low levels of support for the bottsthdosureind the LBCC
largely due to a perception that the consultation process to establist2@®8 S| closure/as flawed

and the outcome urdir for the mobile sector, particularly in the context of ever declining quota.
Given low levels of support from some static and mobile fishermen, perceivedarpliance was

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

The annual income dtatic gear fishermen from fishing is on average £15,00@.annual income

of mobile gear fishermen from fishing is on average £22,500 for half the group and @1-660

the other half of the group revealing large income disparities within the seCwer the last ten
years most fishermen across all sectors hiawvested in their fishingpusiness, and over a third of
those wesamplal plan to invest further in the near futurevith high confidence that future
investments will be sufficiently profitabl@his 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 timgi &S+ F YRk2NJ AYONBIFasS WNRa|Q

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

1 Monitoring and nanagement othe whelk fishernyjincluding continued consultation on best
management practicet protect income related benefits.

1 Monitoring and nanagement of fishing effort for species which are associated with the
(protected)reef habitat €.g. scallop and crab) wittonsultation onsustainable limits to
ensure security of future supply.

1 Managememnandsupport for fishermen who wish to take advantage of thigh vdue (non
guota) species that are associated with the reef habitat

1 Monitoring and nanagement of scallop landings within the Reserve. Combined with
NEaSI NOK 29SS NKS Sémefavé.t 2T
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during times of significant regulatory change, particularly in the context of widespread
conservation and marine planning in the UK.

Strengthen existingtructures 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 kéeincome inequality in the Lyme Bay
fishery, including expanding local markets and #Reserve Seafo@tirand, and tackling the
buying up and leasing of quota by corporations rather than ovopsrators.

Consider expanding the breadth of engagementhef LBCC across both static and mobile
sectors to include fishermen outside of the main focal porteyohe RegiBeer, Axmouth
and West Bay.

11
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2 Introduction

2.1 Marine ecosysters and human wellbeing

Marine ecosystems provide a number of essentiatfions, such as primary production and climate
regulation, which underpin life oearth (Millennium Ecosystem Assessment, 200%ke Millennium
Ecosystem Assessment identified four categories of ecosystem servitéewh&om these

ecosystem functions: Provisioning services that supply material resources; regulating services that
control ecological systems; cultural services that provide-material aesthetic, spiritual and
recreational benefits; and supporting s#res that provide the basic ecological functions and
structures that underpin all other services, such as primary production, biodiversity, oxygen
production, soil formation and nutrient cycliriiylillennium EcosysterAssessment, 2005The
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 ecosystesarvices in the form of material or nanaterial benefits

for human welbeing(Figurel) (Balmford et al., 2008 hese ecosystem services form the

constiuent parts essential to maintain human wellbeing (e.g. faod nutritional security. As such,
these services benefit humankind. The developmerntafceptuaimodels Figurel) to translate the
complexity of ecosystem functiomsto beneficial ecosystem services has made it possible to
explicitly link society and human wellbeinghvecological system@almford et al., 2008 his

explicit linkage betweethe two parts is often referred t@s the sociaécological system

(Armsworth et al., 2007, Curtin and Prellezo, 2010)
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Regulation of pollution
Tourism

Recreation/sport
Spiritual/cultural well-being
Aesthetic benefits

Nature watching

Aquaria

Reserach and education

Food
Raw materials
Energy

~ Physical wellbeing
Psychological/
social wellbeing
Knowledge
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Figurel Links between ecosystems and human vieling (adaptedrom Balmford et al. (2005) and TEEB08)
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indicators than conventional soci&conomic frameworks, and so can capture important but

intangible issues like trust, equality and lifestyle valeeg®t> T A & K S NA

4SS FTAAKAY3

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

services in economic terngBritton and Coulthard, 2013, Pollnac and Poggie, 2@a8jhermore,

wellbeing indicators can be compared across different groups (e.g. g@ujshers according to

metrics such as age, vessel size, gear and level of engagement in de@giog), so capturing

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

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

Aa

FFFSOGSR

o8 |

LIS NEongtdhay phtiive thatingding 6 Be atleduate ¢ K S (i K ¢

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

appropriate indicators can be suited to particular contexts.

2.2 Marine Protected Areas

Marine Protected AreasMPA9 are an impatant tool for the maintenance of the functional integrity

and health oimarine ecosystems througtihe conservation of sigficant species, habitatend

ecosystemgSobel and Dahlgren, 2004)PAs are widelgonsidered & be the most significant

conservation management strategy for halting the loss of global marine biodivéraltghenco et

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

have masureable conservation benefifEdgar et al., 2014MPAshelp maintan and enhancélows
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of ecosystem servicethat support human wellbeingof example by supportingsustainabldood
provisionand opportunities forecreation(Arkema et al., 2015, McCook et al., 2010, Rees et al.,
2015, Roberts et al., 2001) 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 increasieel number of MPAs designated, at a
globallevel, biodiversity continues to decline for some marine habitats and indicator species
(Butchart et al., 2010, Pimm et al., 2054d is predicted to continue to decérdue to the

persistent pressures on marine ecosystems exerted by patterns of consumption, pollutisiyénva
species and climate chan@@utchart et al., 2010, Tittensor et al., 201fhere is growing evidence
that areas that have effective management in place can have positive effects for biodiyedsjar

et al., 2014, Sciberras et al., 2015, Sheehan et al., 2BE3) management is typically challenging
and complexThe establishment of an MPA can potentialbuch uponnumerous 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 desigriedeed research shas 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 isspesifically notions of equity
resulting from the impact of the MPA desagion, are addressed in thplanning and management

procesqRees et al., 2013)
2.3 Evaluation frameworks

Evaluation is the assessment of the effectiverass efficiencyof a policy omanagement measure
during and after implementation. It seeks to measure outcomes and impacts in order to assess
whether the anticipated benefits have been realigetM Treasury2011) Evaluation frameworks
provide a structure to the evaluation processch evaluation frameworkeedsto be tailored to the
type of policyor management measureeing considered and the types of questions it is hoped to
answer(HM Treasury, 2011Applying an ealuation framework to assess impastthe systematic
process of assessing the causal effects of a project policy or progré@entter et al., 2011,
Rosenbaum, 2010Mn evaluationframeworkprovides evidence on if and how an intervention
affects(or hasanimpact upon)variables of interest, allowing statistical or observational analysis of
Y O K | tyaBuBderlies an intervention. Evaluation within the continually evolving UK marine and
coastal policy context is vital to identilgarningand good practieto support improved marine

managemen{Carneiro, 2013)
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2.41Indicators

Indicators provide measures of ecosystem processeecosystem servicbenefits, allowing for

study of the linkages between ecological, social and economic systems and changes in relationships
over time (BohnkeHenrichs et al., 2013, Hattam et al., 20IR)e séectionand analysis of
indicatorscancontribute to the development od more detailed understanding of threociat
ecologicakystem as a whol@otentiallyleading to more informed management plans and a
transparent decision making proce@sattam et al., 2015)r'he identification and analysis canges

in indicators following an interventigsuch asan MPAdesignationcan alsaaid evaluation of

impact upon ecosystem service delivery and related wellbdtogential indicators may be linked to

environmental and socio economic indicatoEsgure2).

Ecosystem (Lyme Bay MPA) Human well-being
. Well-bein
Natural =) Ecosystem Activity: Econ omic,g
Supporting processes Commercial fishing | | income, profit,
i Fezaturest/ Species: Fish, Social: conflict,
nvironmen She”fiSh and empowerment
ecosystem: Health: stress,
Coastal NW molluscs anxiety,
Atlantic | relaxation,
Habitat: Rock and Indicators: No. of vessels, No. physical risk,
ston.y reef, coarse of fishers employed, Landings fatigue
sediment, mixed per unit effort kg / t per
sediments, sand day/hour
and muddy sand,
macrophyte Indicators Economic: Profit as catch
dominated price minus costs, change in demand or
sediment. price paid for catch (as a result of
Indicators: changes in quality of catch). Social:
species number of instances of conflict,
. . . biomass/ attendance to meetings and
Indicators: Extent and quality of habitat A . .
T2 - population effectiveness of input to management
(m?/km?), presence of spawning /nursery ) )
) (t per Health: time at sea, distance travelled,
grounds, level of production, level of larvae . . ™
L T age/size days working in dangerous conditions,
: class), GP visits, stress levels.

Figure2 Application of potatial indicators to evaluate change over time in relation to commercial fishing activity in an
MPA. This example was presented to workshop participants apithject stakeholder workshop
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3 Lyme Bay

Lyme Bay is located in soutfest EnglandUK(Figure3). The Bay comprisesf amosaic of

substrates from sandnud and gravel twock and mixed ground.hE entire bay has beetefinedas
anarea of KA 3K aLISOASAa NAOKYS&aR(ELFSHOERMIIRSE NI NB
Traditionallywithin Lyme Bay, fishermeowing bottom-fishing gear (otter trawls, beam trawls,
scdlop dredgingavoid 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 arouritetreefs and wrecksf Lyne Bay(Rees et al., 2010c)

Along with the diversity of wreck siteqecies such ahe pink sea faftunicella verrucosahich is
nationallyuncommon(Hiscock, 20073and the sunset cup corbkeptopsammia pruvotvhich is
nationally rare(Jackson et al., 2008jtract 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 boai®-10 metreslong) supplement their icome by chartering boats to
anglers(Rees et al., 2015Recreational macker&comber scombrdsshing trips are increasingly

popular.There arecurrentlyseveral differenftMPA designation typeis Lyme BayFigure3).

Lyme Regis

Axmouth

.H Exmouth g .

6 mile fishing limit

2013 SCI1 (cSAC) IFCA byelaw closures

2008 Sl closed area

NATURA 2000 Sites (EMS) and Designated MCZs
- ChesilBeach and The Fleet (cSAC)

:I Lyme Bay and Torbay (cSAC)

0 2 4 8 Nautical Miles Z Chesil Beach and Stennis Ledges (MCZ)
T T |
Torbay (MCZ)

Figure3: Lyme Bay MPAs, excluding transitional waters (candidate SACs, designated Marine Conservation Zones (MCZs),
IFCA byelaws and the 2008 SI closure).
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3.1Voluntary Closures

In 2001, two voluntary closeareas for the reefat Saw Tooth Ledges and Lanes Ground
encompassing 10.3 Kwere agreed byocal stakeholdersA feasibility study on a third closed area,
Beer HomeGround, was initiated by the Beer Home Ground Managen@ntpcomprising of a
stakeholders fromDevon Sa Fisheries Committee, East Devon Dis@atncil, Devon Wilife Trust
and local fishermeiiRees et al., 2010bYhis thirdvoluntary closure could not be agreed due to the

economicimportance of the site to local mobile gear fisherm@avis, 2001)
3.2The Statutory Instrument (St)osed area

The statutory instrumen(SIE W[ &@YS . & 58SaA3yliSR ! NBI O6CA&AKAYy3
Bay entered into force on the 11 July 200%totect 206km? of reef substrate and the associated
biodiversity from the impacts of trawling and dredging with heavy demersaihfj geafDefra, 2008)
(Figure 4. Enforcement of the Stas principally the responsibility of the Devon Sea Fisheries
Committeeand Southern Sea Fisheries Commitie®king with Defra, The Marine and Fisheries
Agency (MFA also renamed as M&FA), doltbwingthe UK Marine and Costal Access Act 2009, the
Marine Management Organisation (MMOBRIIBwing theabolishmentof the Sea Fisheries
Committeesn 2011 ,underthe UK Marine and Costal Access Act 2@08orcement of the $§ now

the responsibility of therishore Fisheries and Conservation Authorities (IFGi®)e that time the
IFCAs have supported the enforcement of the Sl and established a joint compliance and
enforcement tasking coordination group for the area. The group coordinates tactical deplogment
IFCA patrol vessels, Royal Navy and Boarder force activity in thdaanededon a riskbased

intelligenceled approach.
3.3The Habitats Directiv82/43/EEC

In 2010, a slightly larger aredireef(312km2) was put forward as a candidate Special Area of
Gonservation (cSAC), to meet (in part) UK commitments under the European Habitats Directive
92/43/EECGNatural England, 2013KFigured). cSACs are sites that have been submitted to the
European Commission, but not yet formally adopbsdthe member stateThe Lyme Baportion of

the site contributes to a wider European Marine Site, the Lyme Bay and Torbay cSAC, which also
includessub tidal reef; bedrock, stony and biogenic and sea cdeadures immediately offshore of
Brixham and TorbaffFigure3). In 2011 Europe adopted the cSAC as a Site of Community Interest
(SCI) (providing until 2@ifor the UK government to formally designate the site aSAC{Natural
England, 2015Protection within the SG$ feature based, focusing on the features supporting

habitats and species of conservation importance (Natural England ZD4le1). 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
O2yaSNBI A2y 20 2S Onstrétifatithe ngegiily of kS sitdiidniiaibtainetld G2 WS
restored as appropriate, and ensure that the site contributes to achieving the Favourable

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

1 The extent and distribution of gqliying natural habitats;

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

f ¢KS &adzZlRNIAYy3I LINRPOS&aasSa 2y ¢ K@NAakal Engladd, |j dzi £ A 3

2014)

In 2014 byelaws wereenactedby the Southern Inshore Fisheries and Conservafi@and Devon
and Severn IFCA, protecting6km? ofthe reef featuresin Lyme Bayfrom bottom towed fishing
gears (prohibition order) (Southern IFCA, Devon and Severn IFGATIH IFCA bylaws are not yet
LINPLISNI 8 RSEONAROSRTI (GKSe& FINB | 02yaSljdsSy0S 2F Wi
2YYSNOALFE FAAKSNASAE Ay 9a{ W YR F2ft26 | KIFOoA
sensitive features. As such they represent an evidence led approach to the achieve the requirements

of Article 6 of the Habitats Directive
3.4Marine Conservatin Zones

Aregionof reef and intertidal coarse sedimerib the southeast of Lyme BaylPAwas also

designated as a Marine Conservation Zone (MCZ) in, 208 hesil Beach and Stennis Ledges MCZ

(38 km?), undethe UK Marine and Coastal Access Act A80gure3) (Natural England, 2013a)

Existing restrictions under Southern IFCA include seasonal closures and restrictions on gear for
oyster fisheriesStennis Ledge reef features are protected by a voluntary agreement on dredging
(Natural England, 2013a)he 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, fisHimg or taking of anyea fisheries resources.

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

most sensitive features designated under the Torbay Ei@%ea grass and subtidal m(kdgure 3).

The focus bthis report is thegroup ofMPAdesignationsn the northern part of Lyme Bay which
comprisesof the boundaries created by the Sl and ®€l (whiclareas closed under the IFCA bylaws
to protect sensitive reef features within theCJl (Figure4). The area is commonly known as the Lyme

Bay Fisheries and Conservation Res@ryene Bay Reserve)
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Lyme Regis
Beer Axmouth g__,..---"""__'—"‘--—-______v__ West Bay
*___t__—_______.-»"_' ""-ﬁ,___
i_\'
2013 SCI (cSAC) IFCA byelaw closures
)59 52 4 Nautical Miles
Lol 2008 Sl closed area

Figured Map of the designations protecting reef habitérming the Lyme Bay Reserve.

3.5Management and Resedr@ctivities in the Lyme Bay Reserve 22085

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

responsible for the management of MCZs and European Marine Sites (B2 .are the lead

regulators for fisheries ithin their Districts. They have duties under the Marine and Coastal Act
6aodmpnlyd (2 WFINNIKSNI GKS O2yasSNBIFiGA2Yy 202S00A0Sa
Species (Amendment) Regulations 2012 which requires the competent authority (in thisCés)

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

S0 as to secure compliance with the requirements of the Directives. The MMO and IFCAs coordinate

enforcement roles.

l'a LI NI 2F 2KOKEUNBAA &S RKB NRISE themagahethényod fisheries A (G KA y
within European Marine Sites is based on the level of risk that a fishing activity presents to protected
features, either habitat or speciety conserve important habitats and speciadine with the £

Habitats and Birds Directivélarine Management Organisation, 2014%)hen the cSAC was

formally recognised as an SCI, byelaws to restrict bottom towath§igear over Annex 1 reef

habitat were announcedly the IFCAn December 2013.

In addition to the organisations with statutory responsibilities wider groups have been involved in
the LymeBay Reserverom the outset, the Sl closure was highly contergtiand impacted heavily
on sectors of the local fishing communityg particular as it followed voluntary closurekreef areas

to scallop dredging and demersal trawljragreed between environmental groups and local

fishermensince 200X Hattam et al., 2014, Mangi et al., 2011, Rees et al., 2010a)
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Following the2008SIclosure, the UK Government invested in research that annually monitored the
ecological and soci@conomic impact of th&yme Bay Resenéttrill et al, 2012, Mangi et al, 2012)
The presentation of notiased, evidencéased research results were used to instigate discussions
with local stakeholders and ease local tensions inyemrs following the closurgMangi et al., 2011,
Rees et al., 2013, Rees et al., 2010c, Sheehan et al., 2013, Attrill et al]2@DAN, a non
governmental organisation (NGO), the Blue Marine Foundation, formed-aqtiee working group

for the Lyme Bay Reseryaow called the Lyme Bay Consultative Committee), which led to the
implementation of more gecific MPA management measuréa initialMemorandum of
UnderstandingMoU)was developed, to be signed by all parties involved in timeelBay Fisheries

and Conservation Reserve Projaacluding local fishermen, IFCAs and MMO representatives

MoU established the basis for the Working Group (now the Lyme Bay Consultative Committee) for
members to promote and implement best practiceighery and conservation management. Fishery
and conservation management actions includesiintary Code of ConduéAnnex Iproposed as

a means of achieving effective management to maintain sustainable fishing practices within the
Lyme Bay Reservébe code of condudnvolvedvoluntary measures including the fittirog

Integrated Vessel Monitoring Systems (iVM8aktime monitoring) systems and caps on the

volume of fishing gear deployed by vessels within the LynyeR@aerve (

2 Integratedvessel monitoring system (iVMS) incorporates Iridium satellite and GPS/GPRS/GSM mobile
technologyand elog capability for vessel owners or fleet manageraccess accurate location and catch data.
http://succorfish.com/fisheries/
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Annex ). Wider partnership activities by theBC@ncluded development of new markets and

branding investment in posharvest icing infrastructure, and knowledgbaring and training
activities.A scientific research project, concted 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, thgmetnership activities have enabled
participation of fishers in desions that affectliem and mayave enhanced voluntary compliance
to Lyme Bay Reserveanagement measures and built trust among Lyme Bay stakeholdees.
ecological monitoring studies, results of which have been shared with the local fishing community,
demonstrate that thee have been positive responses for species richness, total abundance and
assemblage composition for seven out of thirteen indicator f@t#ill et al, 2012, Sheehan et al.,
2013) Thesdndicatorspeciesverefound in greater abundance aieef habitat andoebbly-sand
habitat in areas closed toottom towedfishing compared to those whetbese fishing practices
continue(Attrill et al, 2012, Sheehan et al., 201Bhe Sllosure inLyme Bay Reserve halso had
profound effects within the social and economic systenthasremoval of bottom towed fishingear

in the Lyme Bay Reserve hassulted in aredistribution ofbenefits from ecosystem services that can
be accessed ihyme Bay. Permittedommercial fishing activities hayeoliferated within the closed
area(Mangi et al., 2011)and recreation participants and providers have increabeir use of the
MPA(Rees et al., 2010c, Rees et al., 20H8wever, 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 evalte the impact of thenanagement measuren place forthe Lyme
Bay Reservand theimpact of voluntary management measures grattnership activities of the

Lyme Bay Consultative Committer ecosystenservicesand human wellbeing
The objectives of therpject are to:

91 Clarify the drivers of successful partnership and management and, thereby, enable
LINEY2GA2Y 2F (GKS WwW[eYS .l & Y2RSfQ F2NJ at !

1 Enable an assessment of the vahmded by management measures and partnership

activities on ecosystem pdces and indicators of human waieing;

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

being via conservatign
1 Identify marginalised groups; and

1 Test a transferable framework for evaluating impact in the MPA context

An evaluation framework has been designed fog purposes of this project ihe following parts:

1 A reviewof published research and grey literatureittentify the links in the ecology of the
case study area to potential ecosystem services (e.g.,foecreation) and measures of

human wellbeing

1 A multistakeholder workshop to identify key indicators of impact on important ecosystem

services and aspects of human wellbeing.

1 A synthesis ogxisting secondary data dfishing activity and landings in LgnBayfrom
20052015

9 Primary data collection involving a survey of fishermen to asskesimpacts ofthe
management measures associated with thane Bay Resve and the activities of the Lyme

Bay ©nsultativeCanmittee on human wellbeing; and

9 Indicatorevaluation
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5 Areview to identifythe links in the ecology of thease study are#o
potential ecosystem services (e.g. food, recreation) and measures of
human welbeing.

5.1 Methods

The environmental features, habitats and species present within the wideeBay region were

derived fromhabitat map data available for the region on tBaropean Marine Observation and

Data NetworK EMODnet) database. EMODnet is an online resource, funded by the European
Commission, providing best available data and modedlitguts 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 201)agal habitat data were mapped and the presence of habitats recorded.

Spatial habitat data were mapped using theropean Nature Information SystgBNIS habitat
classificationwhichis a European systethat 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@syre, sediment typeMaps 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 illstrative 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 servicegidsitag fronkey
papers;Potts et al. (2014and Fletcher et al. (2012). Wider relevant literature from both peer and
grey sources was identified to support the discussion of the restdtprovide further clarity of the
relationship betweerother conservation features inyme Baynd broadscale dbitats, a correlation
table wasconstructed that cross referendéhabitats in Lymday at EUNIS level 3 with features of

conservation interest listed for conservationtire Bay(Tablel).
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Tablel Subtidal habitats and species listed for conservation in Lyme Bay and the correlation with broadscale habitats at EGNIS level

Habitats of conservation importance in Lyme Bay

Species of conservation importance

Habitats in Lyme Bay (EUNI§ European Union| MCZ Broadscal§¢ MCZ Habitats off OSPAR BAP Priority MCZ Species | OSPAR UK BAP
level 3) Habitats habitats conservation Threatened and | Habitats of Threatened
Directive importance declining conservation | and
(Annex 1) importance declining
High Energy Infralittoral Roc High energy
(A3.1) Reefs 1170 | infralittoral rock Pink sea fan
Bedrock reef Eunicella
Moderate Energy Infralittoral and Stony reef verracosa
Rock (A3.2)
Low Energy Infralittoral Rock Submerged or Pink sea fan Sunset cup cora
(A3.3) partially Eunicella Leptopsammia
submerged sea verracos pruvoti
: — caves 8830
High Energy Circalittoral Rog (associated with Fragile sponge and SpongeAdreus
(A4.1) A3 and A4 anthozoan fascicularis
Moderate Energy Torbay section) communities (nationally
Circalittoral Rock (A4.2) scarce)
Sublittoral Coarse Sediment Native oyster
(A5.1) Ostrea edulis
Sublittoral Sand (A5.2)
Sublittoral mud (A5.3) Seapensnd
Subtidal mud burrowing
megafauna
communities
Sublittoral mixed sediments Native
(A5.4) Native oyster Native oyster oyster
bedsOstrea edulis Ostrea edulis Ostrea
edulis
Sublittoral macrophyte Long snouted Long snouted
dominated sediment (A5.5) Maerl beds, seahorse seahorse
Seagrass beds . .
Zosterabeds Hippocampus Hippocampus
guttulatus guttulatus
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5.2 Results and Discussion

At EUNIS level 3 there aten broadscale habitats in Lyniay Figureb, Table2 and Table3). The
EUNIS Habitat classification system is a comprehensiv&papean 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 maring(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 sappagrass

Zostera marindeds proadsa@le habitat A5.5sublittoral macrophyte dominated sediment).
Additionally! yYSE L KFoAGl G W&dzo YSNHSR 2 NdvebBeeNIi Al £ f &
identified within the Torbaysection of the Lyme Bay and Torbay cSE@se broadscale habitats

presert in Lyme Bayereidentified in the literature as potentially supporting several beneficial

ecosystem processes and beneficial ecosystem serfiiedde? and Table3).

Lyme Regis w i‘} €
West Bay

Bagr Axmouth  x-

* -

Teignmouth

_/ i“/-

, N ]
< {f‘n 2/ 4 8 Nautical Miles

. |

/_ 2013 SC! (cSAC) IFCA byelaw closures |_] Sublittoral sand (A5.2)
[ 2008 SI closed area I:I Sublittoral mud (A5.3)
[:’ Sublittoral mixed sediments (A5.4)
:I Infralittoral and Circalittoral rock (A3, A4) - Sublittoral macrophyte dominated sediment (A5.5)

Sublittoral coarse sediment (A5.1)

Figure5 Map of broad scale habitat types (EUNIS level 3) within the wider Lyme Bay region (infralittoral and circalittoral

NE Ol KI @S 0SSy 02Y6AySR: (KSaS Habitatkaidisidarived Band@hssGryeyiand vy S E

broadscale predictive mapping, habitat boundaries must be interpreted as illustrative.

28

a dz

M |



Table2 Matrix of ecosystem processes provided by broad scale habitats in Lyme Bay, including level of delivery and
confidence in associated litgture, adapted from Potts et al. (2014) and Fletcher et al. 2012b).

Broad Scale | Beneficial Ecosystem Processes

Habitats in

Lyme Bay
(EUNIS level
3)

Secondary production
Larval/Gamete supply
Food web dynamics*

=
=]
=
(8]
>
©
°)
S
o
>
2
o]
E
=
0

Species diversification
Genetic diversification
Formation of physical

\Water purification
Biological control
Biogeochemical
barriers

Cycling*
Erosion control

Formation of species

High Energy
Infralittoral
Rock (A3.1)

@lClimate regulation

Moderate
Energy
Infralittoral
Rock (A3.2)

Low Energy
Infralittoral
Rock (A3.3)

High Energy
Circalittoral
Rock (A4.1)

\Waste assimilation

Moderate
Energy
Circalittoral
Rock (A4.2)

Sublittoral
Coarse
Sediment
(A5.1)

Sublittoral
Sand (A5.2)

Sublittoral
mud (A5.3)

Sublittoral
mixed
sediments
(A5.4)

Sublittoral
macrophyte
dominated
sediment
(A5.5)

|:| Low contribution

émntribution not specified (Fletcher et al. 2012)

|:| Not assessed

Peer reviewed literature
Grey/overseas literature
Expert opinion

|:| Not assessed

* Process or service reviewed in Fletcher et al. (2012) only
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Table3 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) atchEfeet al. 2012b).

Beneficial Ecosystem Services

Broad Scale
Habitats in
Lyme Bay
(EUNIS level 3

Fisheries and wild food
Nature watching

High Energy
Infralittoral
Rock (A3.1)

Moderate
Energy
Infralittoral
Rock (A3.2)

Low Energy
Infralittoral
Rock (A3.3)

High Energy
Circalittoral
Rock (A4.1)

Moderate
Energy
Circalittoral
Rock (A4.2)

Sublittoral
Coarse
Sediment
(A5.1)

Aquaculture

Recreation/sport*

Fertiliser/feed
Medicines
Natural hazard protectio
Regulation of pollution

Envirommental resilience*

Research and educatiof

Tourism

Spiritual/cultural wellbein

Aesthetic benefits

I

I

Sublittoral
Sand (A.2)

Sublittoral
mud (A5.3)

Sublittoral
mixed
sediments
(A5.4)

Sublittoral
macrophyte
dominated
sediment
(A5.5)

. Significant contribution
. Moderate contribution
D Low contribution

gmmribution not specified (Fletcher et al. 2012)

D Not assessed

Peer reviewed literature
Grey | overseas literature
Expert opinion
|:|Not assessed

* Process or service reviewed in Fletcher et al. (2012) only
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5.2.1 Beneficial Ecological Processes
Primary Rroductivity

Primary production, the process of pelagic and benthic fixation of carbon through photosynthesis, is
supported by all the broads@habitats in Lyme Bd¥able2). In the infralittoral zonebetween the

mean low water mark to the depth wherenty 1% of light reaches the seahdd.g. the maximum

depth of kelp biotopels(JNCC, 201eef habitats(broadscale habitats A3.1 and A8Tablel))

contribute the most toproduction,relative to the sirrounding habitats. Important primary

producers associated witthallowreefsare algae species such as ké&minaria spp(Smale et al.,

2013, Smale, 20159n the circalittorakzone, betweerthe depth where ony 1% of light reaches the
seabed tahe maximum depth at whickhe seabed is influenced by waveiNCC, 2010primary
production is driven by phytoplankton in the surrounding water masses facilitating the transfer of
energy to higher trophic level organisrfidnes, 2000High 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 coluig@hutler et al., 2012, Stier 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 BayShutler et al., 2015, Southward et al., 1995, Gowen et al., 1998, Pingree, 30@iglal
sediment (associated with broadscale habitats A5.1, A5.2, A5.3, A5.4 and A5.5) provides a sink for
primary production. Research has indicatbdt 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 AF&blel) also makes a significant
contribution to primary productiorfTable2). Seagrasgostera marindeds (associated with
broadscale habitats A5.3) cover 0.80%#n02 %) of the total Torbay rMCZ area and are known to be
important for primary production with recorded annual production rates of between 69 gy€'m
(Borum and Wiumandersen, 19880d 814 g C fyr*(Borum et al., 1984)

Seondary production

Secondary production is the generation of biomass though the consumption of organic mdteeial.
water column and water masses within Lyme Bay suppooplankton populatios, whilst mixed
substratum inbetween the reef features suppatbenthic infauna communities. Secondary
production is supported by all the broadsediabitats in Lym8ay Table2) with the reef habitats
(broadscad habitats A3.1 and A3.(Tablel)) and the sublittoral macrophyte dominated sediment
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(broadscale habitat A5.@ablel)) contributing the most to this ecological procegtative to the
surroundinghabitats able2). Fromstudies elsewhere in Europe it has been demonstrated that
biomass from epibenthic colonisation i&ef habitatswere significantly greater than biomasgthin

soft substratum habita{Moura et al., 2011, Ricciardi and Bourget, 199ibtidally a large

proportion of the biomass imobile and sessilepifaung with species of starfish, brittlestar, crab,
sponge and tunicat&nown to be particularly abundant in such areas (Jones et al., 2R@6id
turnover ofZostera marindlades(associated with broadscale habitat A5.5 and3A®bablel)) and

of the epiphytic algae on the leaf §acesmeans that large amounts of seagrass primary production
is transferred to consumeisecondary productionfCebrian et al., 997), aitical for supporting the

food chain.
Formation of species &bitat

Formation of species habitat can be described ascthribution of habitat formed by one species

but providing suitable niches for other spegigxluding the poduction and mitenance of

complex structure providing suitable habitat including shelter from predatlidroadscale

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

habitat (Table2). Native oyster bed®strea edulifiave an important role in providing habitat for

other speciegBeck et al., 2011Yhe broadscale habitats K G OKI NI OGSNAaS WNBSTQ
contribution relative to the surroundingabitats Tablel). Forexample kelp habitatsassociated

with infralittoral reef provide a threedimensional habitat structure for a diverse array of marine

organisms, many of which are commercially importg8inale et al., 2013, Smale, 2015, Smale et al.,

2011) Kelp conmunities also provide shelter for juvenile stages of commercially targeted fishes,
crustaceans and bivalve mollugggonzalezGurriaran and Freire, 19943anopyforming kelps

influence their environmentand othe NEH I YA &aY&a4X (KSNBoe& TFdzyQlAz2yAy3a |
(Smale et al., 2013, Smale et al., 20KBIp holdfasts, the attachment between kelp and reef

features, provide food resources for flatfish, sea bass andigapecie¢Snelgrove, 1999, Jones,

2000) By altering light level@Connell, 2003)water flow(Rosman et al., 200,7physical disturbance

and sedimentationates(Eckman et al., 1989, Wernberg and Thomsen, 20@¥)s modify the local
environment for other organisms. Moreover, through direct provision of food and structural habitat,

kelp forests support higher levedd$ biodiversity and biomass thaimple, unstructured habitats

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

Broad scale habitats associated with réeditures(Tablel) providesurfaces for epibiota such as
corals and sponges to attach, providing complexity and shelter resources for commercially targeted
fish and shellfisiiLindholm et al., 2004, Lindholm et al., 200dad&haw et al., 2003Bessile
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epifauna,that colonis reef features capture and recycle water column nutrients through filter
feeding and produce planktonic larvéi@eaumont et al., 2007jurther supporting higher trophic

levels,which includedish and shellfish speci¢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 suaasl masohanice conchilegé/an Hoey et

al., 2008) and habitat complexity is increased where benthic fauna are diverse and abundant due to
the presence of tubeand burrows(Paramour, 2006. Jntensive bottom fishing using towed nets
and dredges has been shown to alter species compaosition in soft substratum seabed habitats,
removing high biomass species conttibng to topographic complexitKaiser et al., 2000)
Experimental trawling has shovranice conchilega particularare impacted by bottom towed
fishing geargRabaut et al., 2008Ross wornSabellarisspinulosapbserved in patches by survey
divers withinthe Reserveprovides greater complexity and habitegsources for juvenile fish and
crustaceangPearce, 2014, Jackson, 2008)the wider Lyme Bay regigmesence oMaerl
Phymatolithincalcareum(associated with broadscale habitat ASTablel)) is recorded in OSPAR
Threatened and Declining species data sets and has been observed in survéin dinesd
abundancdrom records in 207), offshoreof Exmouth(Wood, 2007)Maerl has been shown to
provide significant habitat for juvenile scallogisd may provide habitat complexity, increasing

survivability of juvenile fistKamenos et al., 2004b, Howaehal., 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 servicesigoported bya range obroadscat habitats in Lyme Bay
(Table 2. Reef habitat§broadscale habitats A3.1 and A%®.ZTablel)) supporting keld.aminaria
spp.communities provide a significanbntribution, while sublittoral macrophyte dominated
sediment (broadscale habitat A5.5 and.2®ablel)) provide a moderate contributioto this

ecological processelative to thewider surroundingbroadscalehabitats.

Kelp communitiesLaminaria sppassociated with reef habitat§ &blel) are hugely important as
fuels for marine food webs through ¢hcapture and export of carbdiKrumhansl and Scheibling,
2012, Dayton, 1985peagrasse@@ssociated with broad scale habitat A5.5 and Abablel)) have
the ability to baffle water currentand stabilize sedimentsesultingin organic mater and nutrients

becomingstored within the acreting sediments, sequestering carbon, nitrogen and phosphgrous
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while the remaining organic material is recycled or expo(fedarte, 2011, Nellemann, 2009,

Kennedy, 2009)
Erosion Control

Erosion controis supported byseverabroadscat habitats in Lym8ay Table2) with the reef
habitats(broadscale habitats A3.1 and 28Tablel)) andsublittoral macrophyte dominated
sediment (broadscale habitat A5.5 and A al{lel)) contributing the most to this ecological
process relative to the surrounding habitaBhysical features in the shallow inshore zone, such as
infralittoral reefs (A3.1, A3.2) and vegetation such as seagrass, present in broadscale habitat A5
(Tablel), reduce sheer stress, slow water currents and reduce wave l&ithts reducing erosion

in coastal region§Jacobs, 2013, Potts et al, 2014)
5.2.2 Beneficial Ecosystem Services

The broadscale habitats of Lyme Baypport a range of beneficial ecosystem services including
recreationopportunities, research and education, nature watching, medicines, natural hazard
protection, regulation of pollution, environmental resilience, research and education, tourism,
spiritual and cultural wellbeing and aesthetienefits Table3). 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 recreatiomdustry (Table3).
Fisheries and wild food

At a regionascale habitats across Lyme Bay, associated with fisheries and wild food benefits,
identified by Fletcher et al. (20422012b) and Potts et al. (201are important to the adult and
juvenile stages of species supporting commercial and recreationalt@st{Hotts et al, 2014,

Fletcher, 2012a, Fletcher, 2012BJI broadscale habitats have a moderate or significant contribution
towards this beneficial ecosysteservice Table3). EacHishery in Lyme Bay is considered here in

more detail.

Static trap fisheriesare supported byrown crabCancer pagaryspider crabMaja squinadq

European lobsteHomarus gammarysvhelkBuccinum undaturand aittlefish Sepia officinalisThe
commercial shllfish species supporting activities in Lyme Bay have similar, broad habitat and prey
preferences. The diversity ofibitats found in Lyme Baydblel,Tabled), interspersed with coarse
substratum and rixed substrata benefits thesgrustacearspeciesvhile Bundatumprefer sand and
mud habitatg(Galparsoro et al., 2009, Lawton, 1989, Hayward, 1998, Hancock, 1967, Freire et al.,
2009, Gonzale@urriaran and Freire,994)
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Table4 Matrix of links ketween habitats within Lyme Bandcommercially targeted specieBark shading represents high
AYLRNIFYyOS: tA3KGE aKFIRAy3a NBLINBaSyida t Sagi®mNpedryeuigwddi I yOST we
and grey literature).

Key commercial species of the Lyme Bay fishery (MPC 2014)

g

Buccinum undatum
Cancer pagarus
Homarus gammarus
Sepia officinalis
Maja squinado
Dicentrarchus labrax
Gadus morhua
Solea solea
Pleuronectes platess
Raja clavata
Pecten maximus

Habitat interactions

High Energy,
Moderate Energy
and Low Energy
Infralittoral Rock
(A3.1,3.233
High Energy,
Moderate Energy,
Circalittoral Rock
(A4.1,4.2))

Sublittoral Coarse
Sediment (A5.1)

Sublittoral Sand
(A5.2)
Sublittoral Mud
(A5.3)

Sublittoral Mixed
Sediments (A5.4)

Sublittoral
Macrophyte
Dominated
Sediment (A5.5)

Broadscale habitat&£UNISevel 3) present inLyme Bay

Prey resources supporting commercial species (food web interactions)

Phytoplankton

Zooplankton

benthic fauna
(polychaeta)

benthic fauna
(crustacea)
benthic fauna
(mollusc)
benthic fauna
(fish)

Food web interactiongbottom up)

Seasonal presence of species within Lyme Bay

Winter

Spring

Season

Summer

Autumn
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Edible CralfCancer pagarusutilise the range of broadsale habitats found in Lyme Bayaple4).

This species makes usecpévices in reefs and space under boulders to shelter, whilst also utilising
mixed coarse ground and muddy sand habitats where individuals dig into the sedihad4)
(Hayward 1998, Pawson1995) Larger adults utilise offshore muddy sand habitats as well as mixed
coarse ground and rdg, 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 g(elestward, 1998, Pawson, 1995)
Browncrabtend to moveinto shallowerwater at nightto feed, scavengingn carrionand predating

on molluscssuchaswhelks,musselsand cocklegNeal,2008,Lawton,1989)(Table4).

Spider CralfMaja squinado)are alessimportant commerciakpecieghat utilisereef habitats,
coarsesard andmixedgravelbut utilise seaweedsand spongedor shelterrather than crevicesor
bouldersfavouredby Canceipagarus(GonzalezGurriaranand Freire,1994,Freireet al., 2009)
(Tabled). Juvenileglisplayhabitat preferencefor kelpcommunities(associatedvith broadscale
habitatsA3.1and A3.2)(Gonzalezurriaranand Freire, 1994, Freireet al.,2009) Spidercrabfeed

on arangeof prey,includingseaweedsmolluscsandechinodermgGonzalezGurriaranand Freire,
1994, Freireet al., 2009) Trackingof Maja spp. in North WesternSpainrevealedindividualsspenta
greaterproportion of time in coarsesandsubstratesbut isotopeanalyseshowedthat over 60%of
diet originatedfrom rockysubstrateqFreireet al., 2009) In the southwest UKand Ireland
M.squinadomoveinshorein springand summerand moveoffshorein winter (Fahyand Carroll,2009)

(Tabled).

Common lobste(Homarus gammaruputilise similarhabitatsand food resourcesasMaja squinado
and Cancer pagaryslisplayingoreferencefor the boundarybetweensedimentaryandrock habitats
with mediumto highwaveconditions(Galparsorcet al.,2009) Juveniledurrow into fine sediments
and mud (associatedvith broadscalenabitats5.1,5.2,5.3 (Table4)), while adultswill form tunnels
underbouldersto avoidpredationin sedimentaryhabitats(Galparsorat al. 2009. Bothjuveniles
andadultsutilise crevicesandholesto shelterin rock habitats(Linnaneet al., 2000) H.gammarus
feed on annelids echinodermsand molluscswhile juveniles.Asadults, H.gammarusfeed on smaller

lobsters,crabsandlargermolluscyHayward,1998,Vander Meeren,2005)

Common WhelKBuccinum undatuinaturallyoccuron all broadscalehabitats presentin LymeBay
(Tabled). B. undatumare scavengerand carnivorougpredatorsfeedingon polychaetesbivalves
andcarrion,feedingacrosghe rangeof habitatspresentin LymeBay(Hancock1967,Scoldinget al.,
2007) B. undatummayalsobury in soft substratewith their siphonprotruding (Hancock1967,
Scoldinget al., 2007)
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Common cuttlefish(Sepia officinalisare 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, whee the water temperatures remain above 9 (®loor et al., 2013a, Bloor et al., 2013b)

Both adults and suladults are then assumed to undertake an inshore migration to shallow water
areas during the sprin@Bloor et al., 2013a, Bloor et al., 20138gxually mature adults are currently
thought to arrive earlier, followed by sexually immature sadults, with both age&classes making
offshore migrations again in the autuniBloor et al., 2013a, Bloor et al., 20138) officinalisagged

with continuous acoustic transmitters and released in comparable inshore waters in the south west
UK to Lyme Bay displayed differisgatial movemenpatterns, with some individuals displaying

short term site fidelity while others moved over greater distances (>3%Bto)r et al.,

2013b) Within Lyme Bas officinaliswill inhabit sandy or muddy substratéBable4), whereby,

both adults and young buthemselvesn the sand during the dafVilson, 2008)S officinalisare
ambush predators, feeding on a wide variety of prey including crustaceans, nspladgchaetes,

small demersal fish as well as other cuttlefjgilson, 2008 Table4). They are preyed upon by
elasmobranch species, demersal fishes and other cephalgéitison, 2008)The eggs are attached

to a range of substrates, including seaweed and sfi@llilson, 2008) The reef features within Lyme
Bay, in particular the colonising algae and epifauna, thereby provide structures fattaggment

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

of reef features provides significant food resouréésnes, 2000, Smale, 2015)

Netting, trawling and handline fisherieghn Lyme Bay are supported bgle Solea solegplaice
Pleuronectes platessakate and raygp(imarilythornback rayRaja clavaty basDicentrachus
labraxand codGadus morhudspecies contributing greatest landings weight and value to fisheries
within Lyme Bay, as indicated by; Marine Planning Consultants(P&bdce, 2014 Habitats of
importance to the fish and elasmobranch species of commercial importance to fishetigse Bay
can be separated into species groups with similar habitat preferences. The diversity of habitats
provided in Lyme Bay by rocky reefs atoiny reefs interspersed with coarseedimentsand mixed
sedimentsprovide benefits across these specigsups: (iFlatfish speciegii) other demersal fish

(roundfish) (iii) Elasmobranch

() Flatfish speciegplaicePleuronectes platessmdsoleSolea soleare the principal flatfish species
targeted by fisheries and share similar habitat prefererd@edled). Soft substratum with bottom

living prey animals, such as, shellfish, cockles, razor shells, polycheates, crustaceans and sand eels is
required by both speciedReeve, 2007, Ryi2007, Hinz et al., 2006)able4). Plaice use sight to

hunt and utilise clearer habitat with less disturbanagth a preference fosandy patches in rocky
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areas, such as the soft substratum in between reef featurszet al. 2006). S soleahave a
broader prey preference than plaickke P. platessa S soleaavoid gravelly sediment but use tactile
and chemo sensory senses to hunt and so occur in muddier sediments or regions with greater

disturbance dinzet al.2006) (Table4).

(i) Demersal fish speciegrincipallycod Gadus morhuandbassDicentrarchus labraare also
targeted by static net fisherig®earce, 2014D.labraxoccur in a range of habitats from rock to soft
sediments, including sandhingle and mud, mgrating into south western UK coastal regions in
spring and often displaying site fidelity for long perig@awson et al., 2008, Pawson et al., 2007)
(Tabled). A carnivorous specieb, labraxrequire smaller fish, crustaceans, squid and polychaete

prey to be presen{Miller, 1997)

G. morhuarangeto a depth of 600mdivenile (up to 5/ears) G. morhuaprefer 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 juve@ilenorhua G. morhuafeed on crustaceans and
other fish as adults and during juvenile stages will eaptankton, particularly copepis (Frose,
2015)(Tabled). As adults and juveniléd morhuaare present close to the shore in autumn and

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

(iii) Elasmobranchii specieprincipallythornback rayRaja clavataand smalteyed rayRaja
microocellataare caught by net fisherieRaja clavatacontribute greatest landingand migrate to
inshore coastal waters in springhallow regions are used as nursery areas (including low usage in
Lyme BayjEllis and Taylor, 2012 oth ray species prefer sand or mud althoiRgja clavatawill

occur over rock and gravéfidden, 1974, Rae, 1982, Ellis, 19%&ja microocellatarefer softer

sand substratungTable4), in which to bury (Kaiser et al. 200Rgja clavataand Raja microcellata
feed on a range of species, including crustaceans, shaimdpmaller fish including sand eels
(Holden, 1974, Rae, 1982, Ellis, 1996, Kaiser et al., gnalig4).

Scallop divingandscallop dredgindisheries are supported by scallop spedieih dredging
occurringoutside theSI and away from the reef areas within the)S@imarily king scallopecten
maximus Queen scallopAequipecten operculatisire a less important commercial species although

fisheries exist in other UK regioftdowarth et al., 2011)

Adult scallops generally prefer clean, full salinity sea watery are found on a variety of bottom
substrates including rock, stones and mixed sand and gravel substfahighest abundance has
been noted where rocky outcrops or boulders occur on a substrate of mixed silty sand with gravel or

shell(Franklin, 1980)Pecten maximuare often found in shallow depressions in the sea bed and
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commonly bury into the substraturdy. opercularisare commonly more mobilend found above the
substratum(Marshall, 2009)JuveniléA. opercularishave shown attachment to maerl beds
(associated with broadscale habitat 5usjder mesocosm conditions and in field surveys, suggesting
these habitas cortribute to nursery areagkamenos et al., 2004b, Kamenos et al., 2004a, Kamenos
et al., 2004¢, Howarth et al., 201Greaterhabitat complexity, througtigherpresence of macro
algae was also related increasedabundance of juvenilé. operculariswithin a Scottish marine
reserve(Howarth et al., 2011 omplexity provided bgreasof sessile epifauna such asss coral
PentaporafascialiiR S R Y I y Qdigitafuin\piBkS&aHarE. verrucosand presence afussel
beds also provide shelter and resources benefitting juvenile scalttmpsarth 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,A58 Table3)) have a role in supporting these
beneficial ecosystem servicdatertidal sediment plays an important role in coastal protection, and

it is thought that intertidal boulders also afford a degree of protection thitothye formation of a
physical barrier which dissipates wave energy and therefore reduces erdsicobs, 2013)

Seagrass leave@@ssociated with broadscale habitats A5.5 and Abablel) baffle water currents

and attenuate waves, reducing erosion and promoting sediment accreiidhe same time roots

and rhizomes of the seagrass beds bind sedinfitatdsen et al., 2001As such sagrass may not

only stabilise sediments but in some cases have been shown to provide shoreline stabilisation and
protection from erosior(Madsen et al., 2001, Cabaco et al., 2008xtive Oyster©strea edulisan

remove suspendedolids from surrounding waters and improwater clarity(Becket al., 2011)
Nature watching/tourism/recreation

Local club diving and independent angling pagticularlypopular activities irLyme Bay, and with
numerous boat andbeach access points throughoutése activities make use of the natural marine
resources that stem from wider biological diversity in the regibigh levels of subtidal biomass on
reefs, including corals, sponges, anemones and large predators such as lobsters and large fish
(associated with broadscale habitats A3AB,2 A4.1 and A4.ZT@ble2)) are of interest to divers

(Jones et al. 2000n the west,Torbayis sheltered from the prevailing weather frontghich allows

year round access to both shore and reef sites including Morris Rouge, Orestone, Goodsargten
and Brixham Breakwatein 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 infhsici
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offer services to divers ihading gear andraining) and acharter boat industry whose skippers take

sea anglers/divers (who are not using ithewn boats) to suitable sitgfRkees et al2010c)
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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 th@entified 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 worksldop he

Charmouth on the 13th of October 2016 (workshop agerdmex [). To defineappropriate

indicators that are linked to wellbeirig the Lyme Bay contetie select stakeholder group also
identified and prioritised indicators faconomic wellbeingsocial wellbeing antiealth 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/interventiors 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 identifiain 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 managen(@irnelne: Annex ).

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 recreat®n)
included inAnnex IVThe stakeholder group agreed a set of indicators most suitable for assessing
changes in delivery of ecosystem service benefits of commercial fislamgesclude both broad

scale and fine scale indicatofBhese comprise

Broad scale indicatorto evaluate the impacts of management measures and the activities of the

LBCC inside and outside the Lyme Bay Reserve.

9 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

1 Catch per Unit Effort (CPUE) of commercial species and &slsupported by reef
ecosystem

1 Composition of the fishing flepaind

1 Fisher employment
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Fine scale indicatorto evaluate the impacts of managentemeasures 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 fture investment in the industry;

Existing and preferredates strategies

Subjective economic wellbeinge(ated to fishing activityincome satisfactiomnd
confidence in future investmenys

Subjective social wellbeinge{ated to fishing activity, job satisfaction andnflict);
Subjective health andsychol@icalwellbeing (elated to fishing activitystressand physical
risk);

Number of prosecutionFCA patrol time)

Selfreported compliance

Acceptanceof the MPA and

Perceptions and benefits from the LBCC (perceptidrike LBCC and perceptions on
whether specific activities had delivered benefits

= = =4 =4 =4

=

= =4 =4 =

Indicators of wider influencéoutside events)
91 Fuel prices
1 Quotg and
1 Weather (stormand adverse weathdrequency)

Data were sought on all these relevant indicators from the recommended availablealates.
Data for calculating CPUERe not made available for this project due tommerciakensitivity
restrictionsregardingcombinedlandingsand sightings datéinked to theindividualvesset Port
Letter and Number (PLNJhanges in effoitinked tomanagement measures and th&CQave

been analysed from theggregatedandings datand anonymised vessel identifiers.
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7 A synthesis of fishing activity and landings in Lyme Bay from 2R0%5
7.1Methods

7.1.1 Composition of fishing fleet and employment datatedeollection and analyses

Registered vessel lists for September in each f@d#0052015 were obtained from the UK

Government gtistical Data Sets collectioBata fromSeptember was usefdr each year as the

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

I dzidzYy wnmpd [AadGa 6SNB &aSLINFY¥GSR AyiG2z WNBIA&GS
WNBIAAGSNBR YR f A O 8oadadh vedstldeaghicategypvddsdismelevant ® i NB &
the study wereselected 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
SouthernlFCAs 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 metreessels 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 pahmhe

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) ge@ssels 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 thasic 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 theseseswvere within 20 miles of

Lyme Bay Reserve. Since 2012 courses were hosted at Lyme Regis and numbers attending these
O2dzNES& 6SNB lfaz2z LX200SR aSLINrGSte a gStft I a

were run at a locatioadjacent tothe Lyme Bay Reserve.
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7.1.2 Fishing activity and landings: data collectemd 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 BaydiiStsbk
rectangles 30E6 and 30E7) from 2005 to 2(Figureb).

As data predated the Decembd H Mo LC/ ! 0 SESCINHSZEDN NSEINBENSY (1 @w b K¢
closed area boundary until the December 2013 IFCA byelaws camefett after December 2013

0KS U(SSININIASMY NBLINBaSyida GKS 02 Yo 3G byelawzy RIF NBE 2 F
(Figureb). Demersal mobile gear is not permitted for use within the &Ime areas within the SCI

can be acessed with demersal mobile gear.
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Figure6 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 a&arious ports around Lyme Bay. The data set included the date

the fishing took place, species caught, ICES rectangle fished, and the gear typ&'eisedierstand

that these data could be underestimating the actual landings and fishing eSdhere is o

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 isugred seller§MMO, 2016) We have,
however, used this data set agitesensthe official landings angrovides a proxy indicatdor

fishing effort.
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Information from enforcement agencies and data on sightiwgge used to matchocations of

where (inside or outside of thReservg fishing wadeing undertakenThis assumed thahe catch

of each vessel came from the location at elhthe vessel had been sighted. This is not trueafb
vessels especially the large vessele( 10m)and therefore was only applied to vessels that were
sighted and those that the Devon and Severn IE@Ad confirmwould only fish in certain areas.

This underestimates the value of catches coming from the various areas but because we could not
obtaindisaggregated datdue to data protection laws, theombination of expdrjudgements, the
sightings dataogether with the landings @ta has allowed us tmake inferences on whether the

vessel fished inside or outside of tReserve

To assess changes in fishing effort, changes in the number of static gear and mobile gear vessels
fishing inside and outside theeRerve were calculated as mean number of vissBshing in edt

area (inside and outside theeBerve) per year and mean numhrtrips to each area per yedbue

to data confidentiality, sightings data was not available at the vessel [Eveldata covering 2005 to
2014 were split into years fronuly to June as the initial 2008 S| 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 yea2@D)5-ishing
activities were separated as static or mobile gear types fishing inside or outsiRedbeve. This
separationreflects activities that were still permitted and those that are no longer allowed. Landings
data were further interrogated to analysaean lamlings per month per vessel foro8 the key
commercial species identified in Sectibr2.2(review of beneficial ecosystem servicagjhelk,

ScallopCrab, Lobster, Cuttlefishemon Sole, Sobnd Plaie.

In orderto test for change effort and landingslataover time one-way analysis of variance

(ANOVAas used. This was determine whether there are any significant differences between the

means ofthe 12 year groups between 2005 and 2014. Wheségnificant difference was found,

Tukey's HSPposthocanalysisvas used to comparall pairs of means for the different yearshe

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

therefore data were first testeéor normality of distributions using the Shapiviilk test and
K2Y23SySAde 2F @I NRA I y @S Fddctwity ar adings Batadsitgheyed [ SOSy S ¢
Levene's test for homogeneity of variance was significant, Welch's ANOVA was used followed by
GamnesHowellposthocanalysi® 2 St OKQ& ! Btésth Was dséd&s$ tidspdé&edure does

not assume that the variances of the groups being compared are €Gaabrken and Serlin, 1986)

Thep-value provided by the statical test can range from 1.00 to O 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 apartsaobserved in the data set being tested. A sipaihlue indicates

that the differences in the data are unlikely to be due to random samglirtige p value returned is

below 0.05 the difference is considered significant as the statistical test inditetesis 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 acrosyedrs, 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 thgme Bayishing fleet

Fishing within the Lyme Bay Reserve is dominated by snoaltksr 10 m (inshore) vessels that
mainly fish within the 6 mile limitUnder 10 metrevessels comprise approximatéiy%of the total
number of vessels registered to ports within the Lyme Bay study regidr®96% of vessels
registered to ports within thdoundary of the reserven the study period (Between 2005 and 2015),
the number ofunder 10 metrevesselsegistered to ports within Lyme Bay Resehas remained
stable between 38 to 44 vesseladure7). A similar stable patten was evident in the number of
over 10 metre vessels registered to ports within fReserve boundariesOver 10 metre vessels
registered to ports within the reserve boundarieave ranged between 2 in 2008 to 3 in 2015, with
a peak of 4 registered vess@hs2011(Figure?). Since 2012, registered vessel data from MMO
included scallop licenses related to each vessals@tiata shav that 2 of the 3 over 10 metre
vessels in 2012 and alr8gisteredvessels in 2012015 (with homeports within the Reserve) held
scallop licenses, and would therefore have to undegtttkis activity outside of thed®erve

boundary

In the wider Lyme Bay region there has been an overall decline in the number of under 10 metre
vessels between 2005 and 20 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 increaseimbaeof

over 10 metre vessels in the 20@915 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 rangkataf in this 10 year period representing

additions or losses of 15 vesséfgure?).

In terms of links to the timescale of significant management measures (the 2008 closed area and the
introduction of IFCA byelavwBecember 201Band activities of the LBC@ causal links can be made

as there are wider environmental or social and economic fagtdhsencingthe number of

registered vessels.g. retiremenf decommissioning scheme&dditionally, 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 thatgeak in under 10 metre vessel

numbers between 2008 and 2009 registered to Lyme Bay Reserve ports and mamatie (2

vessels) in over 10 metre vessels between 2008 and 2011 correspond to théhge@t<losuravas
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 meetessels registere(Elliot et al. 2014)\Whilstthe

47



number of under 10 metre vessels registeredtwts in the wider Lyme Bay regitias declined in

the 10 year period, supporting this national trend, the number of under 10 metre boats registered to

ports within theReserve boundaryras not declinednor has the number of over 10 metre boats

registered to pots both inside and outside theeRerve. It is possible that th@resence of a large

port and related shore based service industries at Brixhamaoatinue to support larger vesséts

the widerLyme Bayegion Additionally, the management and opportunities presented by the LBCC

may provide some resilience to the under 10 metre fleet regest to the Rserve ports against a

national picture of dedhe.
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Figure7 Numbersof vessels between 2068015 with; a) registered home ports within the boundaries of Lyme Bay

Reserve; b) registered home portgass all Lyme Bay study region
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7.2.2 Changes in fishing industry empfoentrelated to active vessels

At the time of the study individual under 10 metre vessels operating frorts pathin the boundary

of the Reserve supported employment for between 1 and 3 crew (only 3 vessels, all in West Bay,
wereidentified by IFCA repsentatives adeing operated by arew of up to 3 fishermerincluding

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 consultatton wi

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).

Between2005 and 2015, under 10wessels from ports within thedRerveboundary 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 10fleet registered to vessels Reserve portdbetween 2005 and

2015. Gven the range in the number of vessels registeredrdythis 10 year period, between 6 and

8 at sea jobs have been created and lost in this timesgatiecrease 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 Reg@? 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 vesels registered to postwithin the boundaries of thedRervesupported between

4 and 8 at sea jobs in 2005 and betweean@l 12 at sea jobs in 2015. Titeeluction 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, regvesa potential decrease of a minimum of 22 at sea

jobs (and maximum of 66 jobs).

These results must be interpreted with caution bhe tlata on registered vessels does not indicate
actual crew numbers (em@yment) even though verification on numbers haehsought through
consultation with regional IFCABe information on vessel and crew numbers also does not indicate
the level of activityAdditionally, it is important to consideéhat some inshore fishermen are part

time ornear retirement age.iBhemen may also have sought other employment on other vessels

and therefore jobs are not necessarily lost.
7.2.3 Changes in numbspf new entrants to the industry
Numbers of attendees of the Seafish Basic Health and Safety training course for all ports ityproxim

to Lyme Bay Reserve (under 20 miles) remained within a range of betw2eh&ween 2005 and

49



2011 (Figure8). Peaks were seen in 2005 (15 attendees) and 2009 (21 attendees). Since 2012 the
range of numbers attending the SestfiBasic 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 théasinsen

heldin Lyme Regias well as Weymouth and PortlandheThigh 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.
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Figure8 Number of &tendees 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 R&§is52005

It is unknavn 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 reflectingharease 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 industryri the region immediately surrounding Lyme Bay Reserve between 2012 and
2015.

7.2.4 Changes ifishing activity

The number of vessels actively fishingide and outside theyme Bayreserve and reporting
landings from ICES statistical rectangles 30E6 and 3Hignthhasincreasedver the 9 year
periodfrom 63 in 2005/2006 to 105 vessels in 2013/2014 (mean number of vessels per month)
(Figure9 a, b. The number of vessels using static géahing inside thdeservehas 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 statgear fishing outside of theeBerve has shown the greatest increase from 29

vessels in 2005/06 to 61 vessels in 2013/2014 (an increas wdssels).

Numbers ofvesselsising towed gear fishing outside tiReserveincreased 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 vesseligre9, a, b. In the 9 year period (2005 to 2014), the number
of mobile gear vessettively fishing per monthas increased overall from 10 vessels in 2005/2006

to 16 vessels in 20184.

Data on meamumber oftrips per month for all vesseisdicatesthat total fishing effort (mean
monthly tripsfor all vesse$, combined for all fishing practices) across Lyme Bay had increased
significantly between 2003.09trips) and 2014 (722 trips) (Wel@t =39.37, P<0.01). A significant
increase in thenumber of trips conducted by those fishing inside and outside oRbgerveawith

static gear, from 124 trips (mearumber of trips per month for all vessels) in 2005 to 637 trips in
2014, accounts for much of this increadeéidurel0a) (inside, Welc® F= 30.9 P<0.01, outside
Welch@F=41.3 P<0.01).It is important to consider when interpreting this result that mean
monthly trips in each yeawere calculated from available landings and relevant sightings data and
corroboration from regional IFCAAs 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 yearthe data may not reflect actual landjs and spatial efforSimilarly
sightings data is dependent upon patrol effort, which also changes overAisguch, results should
be interpreted with cautionAs discussed, we have used this data set piegent the official

landings angrovides goroxy indicator folfishing effort

In terms of links to the timescale of significant management measures (the 2008 Sl closed area and
the introduction of IFCA byelaviBecember 201Band activities of th& BC@o definitive causal links

can be made as the are wider environmental or social and economic factoflsiencing 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 ddesenaoto 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 statigear ingle the Rserve(Welch@ F= 30.9,P<0.0)). Following the initial SI closure

the number of trips per month within thBeservefor vessels using static gear increased from 36 in
2005 to 173 in 2009/201@5ames Howellpair wise comparison, number of tripa)05/2006 and
2009/2010P= 0.03). This suggests that there was a significant increase in effort in the years

following theinitial closure. The mean number of fishing trips per month for static gear vessels
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fishing inside the Resero®ntinued to rise betreen 2009/2010 and 2010/2011 to a peak of 282
trips per month. Fishing effort from vessels using static gear then declined slightly lmetwee
2010/2011 and 2012/2013 to 228ean trips per montho grounds inside the ReservEhe number
of trips per month wihin the Reservefor all vessels using static gear increased again in-2013
(FigurelQa). It can be noted thafishingeffort for static gear boats inside theeBerve increases
during the period the.BC®as been active and-? byelaws have been announced for the SCI
(candidate SAC)

Overallthe data suggestthere has been a significant increase in effort from vessels using static gear
outsidethe Reserve Welcl3F= 41.3 P<0.0]). The mean number of fishing trips for albgelsusing

static gear outside thed®erve increased year on year apart from 2011/2012 to 2012/2Bitfife

10a). Fishing effort rose from 88 mean trips peonth (all static gear vessels)2005/2006 to a

peak d 395 trips in 2013/2014Fjgurel0a). The greatest increase in m@trips per month outside

the Reserve was between 2005/2006 (88 trips) and 2007/2008 (246 tigliel0a), reflecting the
increase in the number of vessels fighinith static gear outside theeRerve during this period
(Figure9a), and corresponding tthe original Sl closure. Although fishing effort of vessielag

static gear outside thed®erve 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 (340395 trips) in relation to the range in previeyears (8855 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 usingistgearboth inside and outside thedgerveit is

likely thatthere 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
measureslt can also be considered that the spatial measures toatprise the Rserve may have

been influencing where static gear fishermen choose to fish and may have attracted fishermen from

other areas.

Before theSlclosure, the number of fishing trigger monthmade by fishermen using mobile (towed)
gear was slighyl higherinside theclosed aredahan those made to outside the closed angd. trips

per month (mean) inside compared to 35 outsida)ggesting the area was an important fishing
ground.This however changed from July 2008 wiadirbottom towed (mobilefishing activities

were banned from fishing inside the closacta Figurellb). Fishing effort for vesselsith mobile
(bottom towed) gears increased significantlytive remaining open grounds following the 2008 SI
closure (number of trips per montior all mobile gear vesseis the years after the closure,

compared tathe years before the closuré,=-7.45,P<0.001).This effort outside the &erve has
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continued to increase throughout the 10 year time per{@@m 53trips in 2005/2006to 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 remainsthbleand 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 tahe 2008 Sl closurd-{guredb). It is possibl¢hat the results of the mean number

of trips per monthfor mobile vessels inside theeBerve in the years prior to the Sl closure waigh

due to presencef visiting mobile geavesseldrom outsidethe region, prior to the Sl closure. The

lack of direct transfer from inside to outside tReservealsosuggests that vessefsay havebeen

displaced to fishing groundsutside of these ICES areas.

Mean trips per month by vessels using mobile gears to locatunside theReserveincreased
significantly over the period of the studyom 53(2005)to 85 trips 2013/2014Welch@F=4.5, P<
0.03). An initial increase occurred from 53 trips in 200 &trips between 2008/2009 and
2009/2010, also indicatindisplacement of effort followinghe initial closure Fishing effort from
vessels using mobile gear (mean number of trips per mémthll mobile gear vessélsontinued to
increase each year outside tiReservereaching a peak of 101 trips in 202043 FigurelOb).

Effort decreased in 2013/2014 to 85 (mean number of trips per méantlall mobile gear vesséls
outside Lyme Bay Reserve. However, this changeuiasignificant (Gameblowdl pair wise
comparison 20122013 and 2013/2014P=0.9) andwas still within the rangef valuesseen
between 2008/2009 to 2010/2011 (76 to 85 tripK)can be observed that mobile gear efftras
increased outside of thedRerve throughout changes in management during this tiréga. A
slight decline in effort can be observed between 2012/2013 and 2013/2014, after December 2013
when IFCA byelawsere introduced, preventing towed (mobile) gear in some further area&roiex
| reef habitat. There was also a period of intense stoess in the winter of 2014 which may have

limited time at sea.
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Figure9 Number of vessels per month (mean) actively fishing inside and outside the closure/ Lyme Bay Reserve post 2013) fand)3tatmbile geacategories.
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Figurel0 Number of trips per month (mean) conducted by vessels to locations inside and outside the closure/ Lyme Bay Reserve post 2013 for a) static and b) mobile gear categories.
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7.2.5 Changes itandings

Comparisonsf data onweight of landings (mean kg per vessel per month) from 2005 to 2014 show
that the volume for all species landed by static gestitdrmen, from trips within the &serve,
significantly increased from 2.6 tonnes in 2086 to 3.5 nnes per vessel per month in

2013H nmn O FXIfPS BLUBH Figurella). The value of landings also significantly increased
2PSN) GKS ¢ & SFNEPEIS.0BR BeRveed 2088000 &0 2009/2010 there was a

steady rise ofbetween £102 and £386 each year in meaonthlylandings value per vessel. The
largest rise (E500) occurred between 2009/2010 and 2010/26idu(ella). Static gear landings
peaked in 2010/2011 (3.8 tonnes per vegs& month). Landings weiglitnean kg per vessel per
month) sharply declined between 2010/2011 and 2011/2012 to 2.2 tonnes, before recovering to 3.5
tonnes in2013/2014 Figurella). However, value of landings show a much smaketide in

relation to the decrease in landings weight in 2011/2012, falling to £2918 in 2011/2012 and
recoveringsteadily to £3501 in 2013/201Zhis suggests that from 202D11 a higher value is
achieved for less weight landedhich could be caused bydecreasdn landings weighfor lower

value specieg;hanges imarket prices or catch composition and static gear fishermen target

higher value/lower weight species.

Overall, landings weight from vessels agiting static gear outside theeRerve decrased slightly
from 3.3 tonnes(mean per monthjn 2005/2006 to 2.4 tonne@nean per monthjn 2013/2014,
despite the evidence that statiegr fishing effort outside thed®erve had increased. Landings
values, however, slightly increased, (from a mean3sf46 in 2005/06 to £3470 per vesgar
monthin 201314).

The total weight of landings from a&llatic gear fishing outside theeRerveinitially showed a

significant decrease fror®.3tonnes(mean per vessel per montir) 2005/2006 to 1.3 tonnes in
2007/2008 (Gamesiowell pair wise comparison 2005/2006 and 2007/28380.05). A gradual

increase to 2.4 tonnes in 2010/201Aigurel 2a) corresponds to the increase in effort (no. trips and
vessels) occurring after the 2008 SI cles{8ectiory.2.4). Landings from outside theeRerve by

static gear vessels followed a similarrtdeto landings from inside theeRerve, decreasinig

2011/2012 and 2012/2013 (to 1.6 tonnes and thAnes respectively), beferrecovering in 2014 (to

2.4 tonnes) figurel2a). Vale of landings from outside theeRerve also showed a smaller decline
during this period compared to weight of landings, suggesting similar factors have affected the static

gea fisheries inside and outside theserve in these years.
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The landings achieved per vessel (kg) and the value received (£) are greater for statesgelsr
operating inside the &erve compared tvesses outside the Bserve Figurell, Figurel?2).

Landings from static gear fisherman operating outside the Reserve are dominated by landings of
whelk.

Landings for mobile (towed) gear fishermen sharply declimitkin the area that was closed by the
2008SIclosure from 11tonnes (mean per vessel per monih)2005/2006 to 3.7 tonnes in
2007/2008. This decline preceding the Sl closure is supported by the evidence for a decrease in
effort (section7.2.4) during this period, possibly linked to the voluntary closures that were agreed
during this time period (Sectioh2.4 Figurell). Landings for mobile geéishermen fishing outside
the Resewe also declied from 26tonnes(mean per vessel per montir) 2005/2006 to 3.7 tonnes in
2007/2008 although the high landings weight in 26R806 was due to a small number of very high
volume landings of mussels whiahe (at this point) unexplained. Chges in landingjof the mobile
fleet and value achieved are linked to managemmeasures associated with theserve adishing
vessels and effotavebeen displaced. Other influences include composition of species landed,

market prices, quota and weathe

Changes in value of landings (mean £ per vessel per month), pooled for fishingietetib inside
and outside the Bserve, shows landings values for mobile (towed) gear fishermen decreased
significantlyfrom a peak ohpproximatelyE24561(meanper vesselper month)in 2005/2006 to
approximately£6056(meanper vesseper month)A yY H n Mo K H /Fm 13.58208).0K Qa
Meanwhile,landingsfor static geawvesselsncreasedsignificantlyfrom £5411(meanper vesseper
month)in 2005/2006 to £7267mean per vesseper month)in 2013/20146 2 S f F>R.Q B=0.02).
This indicates there has beendacrease in landings value for mobile (towed) gear fishermen,
despite increased effort in remaining open grounds in Lag The reduced fishing grounds IGES
rectangles 30E6 and 30E7 for molgjkar, 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 Sl closure and
2013 IFCA byelawsill have had an impact on landisighs Mangi et al. (2012) identjfthis may
explainthe decline in fishing income for towed gear fishermen from these two rectangles.
Conversely, mnual sea fisheries statistics published by the MMO show that at a national level, the
value of landing&rom fishermen using mobile geamsse from 2006 to 2012 and remained higher
than 2006 in 2013 and 2014 (Elliot et al. 201¥is possible that mobile gear fishermen who have
been displaced@s a result of management measures witttie ICES rectangles 30&6d 30Ehave

sought other fishing grounds
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