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Abstract

The 1increased t hr e atironmeat hashiecedwie rudedodsanagament n e
strategies that encourage resource sustainability lke spatial closure and stock replenishment.
The success of these strategies are evaluated by assessing the ecosystem health and stock
densities, using benthic says. This paper aims to investigate king scallopc{ih maximus
population and its associated habitats within Niarbyl Bay (western coast) and Laxey Bay
(eastern coast) in the Isle of Man; in order to provide information to the Manx government to
help wth future management decisions. In June 2016, these reserves were surveyed using video
sledge and baited remote underwater video in order to obtain high resoluton footage of the
seafloor. This data was used to generate biotope mapddt@p and bottorup approach) with
superimposedP.maximusdenstties. This survey found that Laxey Bay encompassed three
substrates (sandy, maerl and seagrass), with maerl beds supporting the greatest (2i&rsity

2.9) and &P.maximugopulation. P.maximusiensities (0.0212) remained constant over the

years, despite reseeding and protection, suggesting that scallops have reached the reserves
carrying capacity. The 2009 reseeding was deemed unsuccessful, as stocks did not adhere to
the economically viable criteria. t wasr e c o mme nd e d t hat Laxey Bay
encompassingnaerl and seagraseemained closed due to conservation requiremeNiztbyl

Bay had a diverse range of habitats including brittlestar beds and a nursery ground. The
P.maximud Niarbyl Bay wererecorded in a variety of habitats, however the overal density
fluctuated yearly. Juveniles (<60mm) were recorded in rocky terrain @otlie inshore region

of Niarbyl Bay which was not known for juvenile settlement. Reseeding was also deemed
unsuccessii as a stock replenishment agent but it was suspected to lveoafitment success.

It was recommended that Niarbyl Bay remained closed, especially in the southern region as

encompasses a nursery ground.
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1 Intro duction

The worl dds mari ne areusderuncreasirsgy prassute dbeitooteinv er s it

anthropogenic activities (ie. mining, polution, commercial fishingYThrush et al, 1995;
Cogan et al, 2009;Brown et al, 2011) This pressure has forced national and international
governments to develop programmes and management strategiecosysterbased
managementihat promote resource sustainability and biodiversity conservéki@ipern and
Warner, 2002; Lambertet al, 2011; White, 2011 However, the success of these programmes
is dependent on thavailability of scientific information on habttats, species dynamics and
community compositon(Halpern and Warner, 2002; Lamhert al, 2011; White, 2011)
Therefore, the fishing industries are inweg in stock replenishmenbiodiversity conservation
researchand management strategies like spatial closures, whictpatef the globalnitiative
called theConserat i on on Bi ol iotgtive @dukerdstewaet retsai, 2095) s

Sustainable fisheries require tlimplementation of ecosysterbased management (EBM)
strategiesand supplementary based management stratdgfidld. strategieswere developedas

a more holistic management approach for prioritising protection towards a target species and
their associated habitat through theplementation of spatial closurede. marine reserves,
closed area, andMPA), thus potecting the entire ecosystefrom chronic anthropogenic
activities (Hiddink, et al, 2006; Sheeharet al, 2013; Howarth et al, 2015a) which in turn
conserves biodiversity, ecosystem function, and encesiragmmercial resource restoration

on alocalsed level(Howarth, et al., 2011)Supplementarymanagement strategiesciude
reseeding and translocation of stock which are implemented to replenish depleted stocks or
establish new fishing grousd(Borg, 2002) Areas dedicated for stock replenishment are
usually intended to be harvested once spat and juveniles have matured and growh to lega
minimum landing sizegBorg, 2002) These supplementary strategee usually folowed by

seasonal or temporary spatial closu(Bsrg, 2002)

The success or failure of the closed areas to conserve the marine ecosystem or stock
replenishment idighly dependent on ¢hadequacyof the initial objectives and monitoring
strategies implementeflordan et al, 2005; Fleming and Jones, 201R) order to evaluate the
success of a closed area, it is essential to acquire knowledge thést marine ecosysteand

native stock density. This information can be obtained thrdbghuse of benthic surveying

such asmarine habitat mapping, as ecosystem processes are defined by the benthic habitat
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composition (Galparsoro et al, 2015) Therefore, obtaining good scientific knowledge on the
seabed habitat distribution, structufenctions, and communitydiversity gives an indication of

the environmental status and theffectiveness of the fighies management strategies
(Galparsorg et al, 2015) In addition, this benthic information can be used to identify areas
that require further protection due to their ecological importance, vulneralwitityconomic

value (Galparsoro et al, 2015) Thus, it is imperative to use habitat mapping techniques to map
the seafloor of the closed area in order to determine the spatial distribution of commercially
targeed and important species, identify ecosystemitheandascertainwhether the objectives

are being fuffilled (Murray, et al, 2009b)

This information is required and utlised by government officials as a conservatiorasda

scientific reports provide supporting evidence on theceffds ve ne s s of t he mart
objectives in order to justify theosuresimplementation and increaggublic suppor{Sheehan

et al, 2013) One scientific échnique used to acquire information on the seafioor pralvide

the requiredevidenceis underwater video footagehich can be usetb generate habitat map

Habitat mapsprovides high resolution benthos data at a low taxonomic @eztlan et al,

2005) This method isrelatively inexpensive in regds to time and scientific expertise
compared to other methods which require taxonomy or equipment specidistdan et al,

2005)

Habitat maps are visualisation tools that are an important part oktieod making process

in EBM and are used as a conservation promotion (@ajan et al, 2009) Habitat maps are

also a key tool in identifying the benthdsealth within marine reservess they characterise the
ecosystem features (shape, size and distribution) based on physical conditionst habita
structure/type and community compostig@ogan et al, 2009; White, 2011) Benthic habitat
mapping (also known as b platibgotie aeistrindign pandnegtgént i s a
of habitats to create a map with complete cover of the seabed showing distinct boundaries
separating a@Bjowncetal 2011 aAlbidtdpa map nod only identifies areds o
specific interest and concern hiutan also be incorporated with speciesadatidentify spatial
distibution and habitat preferencashich provide crucial infamation on the lkelihood of
successful species recruitment and survival within a specific (doedan et al, 2005; Cogan

et al, 2009) Thus, habitat mapping &nessential tool in supporting management and policy

decisions for closed area objectives and deqidosdan et al, 2005; Coganet al, 2009)
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The aim of this report is to investigate the spatial distributamd habitat association thvikey
specieswithin two Isle of Man (Manx) closed areas usitgptope maps. The integrated
approacltenables further analysis into the benthic biodiversity dewbity ofthe commercidly
important speciegspecialy Pecten maximuging scallop).

1.1 Marine Conservation

Spatial closures are consideréal be a vital tool forconservation and fisheriesianagementas

it preserves stock resources, ecosystem services and wvulnerable habitats into the future
(Howarth et al. 2011; Brand, etal., 1991). Spatialuces carbeimplemented as permanent,
temporary or seasonal marine closed areas (marine reserve), which prohibit the use of mobile
fishing gears within the area; thus providing a wide range of benefits to the commercial fishing
industry, when designe@dnd managedcorrectly. For spal management to be successiul

must include strict managment, and consultation with local and fishing communities
incorporation ofmulti-habitats, realistic objectives, arh understandingof recovery time
associated wi the specific life-history strategies of different habitats and speiesdan et

al., 2005; B | ey al, R008; kGgllrandeHanley, 2010; Howartht al, 2015a) Life

history strategies are a key partnadine reserve achieving their objectives as species that are
sessie tend to beneft more from area closures compared to mobile species whieh ooigra

of the conservation zon@BeukersStewart et al, 2005) It has also been shown thggecies

that have a@low growing long ived and late mafration life history, strategiestend to require

5-20 years taecover(some cases no recoverfgpm anthropogenic disturbancsompared to

fast growing, short ivedspecieswith ahigh recruitmentratewhich tend to recovequickly (0

2 years)(Halpern and Warner, 2002; Hinet al, 2010; Hinz et al, 2011; Szosteket al, 2016)

Longestablished marine reserves that adhere to management strategies have been shown to
have the greatestbeneft to the commercial ndustry. Strict protection of marine reserves can
increase target species biomass, abundance and average size, as wel as increase local
biodiversity, enhance recruitment (improved juvenile survival) and increase habitat complexity
(Roberts et al, 2001; Blyth et al, 2004; Biytl/Skyrme et al, 2006; Howarth et al, 2011)

thus increasing the chance of stock rebuidifiRpberts et al, 2001) However, a negative

impact ofmarine reserves the displacement of fishing efforand increased fishing pressure

in other areas, which encourages wider and increaseausityteof environmental degradation
(Hiddink, et al, 2006; Howarth et al, 2015a)
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1.2 Commercial Species

Spatial closures have shown to beneft the commercial fisheries especially in the shelfish
industry where He target species are highly valualaled have strong associatiottsvulnerable
biogenic habita such as maerl beds, seagrass meadowsrasgelbeds(Seitz et al, 2013)

The species of major concern to the Manx government is the commercially important shellfish
speciesscalgps which hare shown stock recoveries witktrict and reguldy enforcedspatial

closures(BeukersStewart et al, 2005)

Well managed marine reserves that are established to enhance scalop production and are closed
for an adequate timeepod have been successfak the closure prevents any destructive
anthropogenic actvities; thuseducing turbidity, improving water quality angbreserving

essential seafloor habitats which arefactors crucialfor scallop survival (BeukersStewart et

al., 2005) Thus, salop stocks withinthesemarine reserves have been recorded to have an
increasd density, greater mean age and wider size class (Begd&kersStewart, et al., 2005;

Howarth, et al.,, 2011)ndicating increased recrutment success. This beneft was observed in
Georges Baéhdé6s Marine Reserve (USA) wher-tnes al | op
during the space of 4 yeaiBeukersStewart et al, 2005) Therefore, spatial closures are vital

for sustainable fishing abkey preservenursery habitat complexity, enhances spat settement,

thus, ensuring fishery sustability.

1.3 Scallops

There are seven scallop species within the North Atlantic Avitpercularis(queen scalop)
and P. maximugking scallop) being harvested within the Isle of Man territoriaatersusing
mobile fishing gear(dredgesYShumway and Parsons, 201These fiter feeding bivalves have
many metamorphosis stages, and are typically clesiser by their jet propulsion predator
responses during their fresvimming adult stagéHowarth et al, 2011) Adult scallops are
relatively sedentary, moving less then 30m in 18 months, making their distribution highly
predictable and consequently ideal for reseeding into closed gBaskersStewart et al,
2005) The reproductive stage of the scallops occurs during thenggawvents where gametes
are synchronously releaséidamenos et al, 2004c; BeukerStewart et al, 2005; Howarth et
al., 2011) thus scallops are highlywulnerable to the alele effecfpopulation density are

extremely low, individuals are reproductively isolated and recruitmen) faisl require high
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population density for fertlisation and recruitment to be succef@dfmvarth, et al.,, 2011)The

larval settlement stage requires hard substrates with stllyct@omplex epifauna ke maerl

beds, macroalgae (Rhodophyta and Phaeophyta), bryozolbisjotus annelida and hydroids
which spag attachto (Kamenos et al, 2004c; Szosteket al, 2016) Therefore scallop
recruitment success is highly dependent on population density, habitat type and environmental
conditions (Howarth et al, 2011) making scalops an ideal species for management strategies

that use temporal anghatial area closures.

In order to maintain the sustainability of this scallop fishery the biology, behavioural traits,
abundance and distribution needs to be understBadaximuss known as the giant or king
scallop as it grows to an average of 150nmemgth) which is larger than any other scalop
species(Shumway and Parsons, 201The largestergth of P.maximusecorded wa10mm

in 1978by Minchin (Shumway and Parsons, 201P) maximusgs a commercidly important
shelfish species distributed throughout the North Irish Sea, where it is harvested using
destructive dredging fishing geéBeukersStewart et al, 2005) Thesescallos burrowinto

the substrate and ka a morphology that faciitates with this behaviol?.maximudas a
inequivalve morphogy with the upper valvebeing flat and the lower valvebeing deeply
curved. This alowshes cal l opsd® wupper valve to be Ilevel
recess into the seabé8humway and Parsons, 201Recessing is a camouflage behavioural
response, which involves scallops dispersing sediment onto their shells inoordeease the
difficulty of predator detection. Recessing also reduces the settlement of epifauna onto the shell;
epifauna on scallopso shells hinder s the sw
completion (Shumway and Parsons, 2011P. maximushas three disturbance responses:
closing of valves, ajumping reaction and more vigorous swigmiFhe swimming response

is observed more readily in juveniles for any disturbance; whereas recessing adults tend to
respond to disturbance by closing their valves. As swimming wilingness and performance
decreases with age, adults tend to only enacjuthp or swim response when encountering a

starfish threa{Shumway and Parsons, 2011)

1.3.1 Reseedingscallop stocks
The supplementary management tail reseedingand transplantation/translocatiorwas
inspired by Japanese fishermemo adopted a proactive role towards conservaéiod resource

enhancement(Slater, 2006)This method of juvenile(<60mm) cultivation has been highly
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beneficial to theJapanese scallop industas annual landirsyhave increagd to over 500,000t
(1995) compared tgore-cultivating landings of 9,000t (1960¢plater, 2006) The success of

this management approach and the high exploitation and decline of scallop stocks in Europe
has encouraged European cadest to implement scallop culivat i o n progr ams
(Minchin, 2002; Slater, 2006)

These management toaldificially enhance locab i v a (scalo@ slensitiesincrease genetic
diversity, generate new fishing grounds, and enhance stock q(Bdisg, 2002) Reseeding is
aprocess of transferring large number ofvid or cultured larvae or juveniledanto the depleted
area(Barbeau et al, 1998; Borg, 2002; Minchin, 2002; Magnesen and Redmond, 2Th&)
stocks replenished by theeseeded spadre intended tdoe harvested aftethe population
densities recoverand the reseeded scallop have matui@arbeau et al, 1998; Borg, 2002)
This management strategy is alby folowed by spatial closure which protects the scalop
associated habitat aralows for stock recoveryuntil the broodstocksreaches thaminimum

landing size (MLS)thus eventually increasing commercial and recreational (fsdg, 2002)

The success of @eseeding operation is defined ibyneeting thepredetermined objectives of
enhancing scallop broestock density(Barbeay et al, 1998) The reseeding objective is to
mass producejuveniles of siable breeding species which areleased in an area to
dramatically increase the yield for several fisherieswever, Eropean countries (Ireland, Isle
of man, France, Spa Norway and Englanyl that have implemented reseeding strategies have
not observed the same benefts as the Japanese in@Bety, 2002; Minchin, 2002; Slater,
2006)

These supplementary technigubave severa economic and social benefitas reseeding is
cheaper compared to fish farms because a minimal amount of infrastructure is required at the
reseeding site and no artificial feeding is requirdkis management tool also has the benefit of
re-establising fishing in depleted stocks after a short period of spat recovery time (2 years of
closure from sowing to reach market size); had dower environmental impaatompared to

fish farms (Borg, 2002; Minchin, 2002) The negative impact®f reseedingare few reliable

scallop hatcheries (spat often obtained from the widhw survival rate(effected by spat
quality, and increased predaflpmo ownership of stock, and imported stocks may alter the
gene pooland the areas carrying capacihich may adversehaffect the ecosysters) food

chain and interspecific competitioiBorg, 2002; Minchin, 2002; Slater, 2006jandlng time
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(out of the watg and continuous exploitation alsivastically effects the reseeding eff€Borg,
2002)

Low survival rate ofspatis influenced by high mortéyf which is effected by the following
factors: high leval of predation, habitat structural complexity for spat settlemestock
guality/genetics,environmental physical variables (temperature, currents and sadimt)Xime

spat is exposed to the airriig transportation (handling timgBorg, 2002)

1.3.2 Habitat Association

Scallop distributions are driven by habitat and substcii@racterists as it influences spat
settlement, nursery functioripod availability and may evealter reaction timeof the predabr
behavioural responséShumway and Parsons, 201The marine seabed in a temperate
environment comprising ofrange of habitats that are grouped into substrate tysebn{ent

based andiogenic reefs). The sediment based habitats are those that predominantly consist of
mud, sand, gravel and hard substrate (ie. rocks, boulders and q&dite)et al, 2013) The
substrate islassified according to the grain size measurement defined on the Wentworth Scale.

The community assemblage is unique to different substrate sediment(Sgieset al, 2013)

Biogenic reefs are structurally complex habitats that are created by lving organisms like
coraline dgae known as maer(Corallinaleg, seagrass meadowsrittlestar beds,molluscs
(oyster and musselsand polychaetes Sabellariaspp) (Seitz et al, 2013) Biogenic reefs are
mostly classified as sensitive halsitats anthropogenic disturbance (ke mobie fishing gears)
can reluce their complexity, increassediment resuspension, and remove vital species such as
bioturbators, sessie epifauna and structbralding megafaungLindholm, et al, 2004; White,
2011; Howarth et al, 2015a) Complex biogenic habttats are associated wdtallop nursery

and feeding groundg§Seitz et al, 2013) and many biogenic habitatsare protected under the
Habitats Orective (ie. naerl bedsYMaddock, 2008)which means it is important to identify

the location of this habitat as it & conservation interest atebally requires protectian

Maerl beds are a benthic habitat that is formed from a variety of dead and Ivingoomistg
calcareous red algae (Rhodophy@orallinaleg (Hal-Spencer and Moore, 2000; Kamenes
al., 2004c; White, 2011; Sejtzt al, 2013) which grows as unattached noduiddaddock,
2008) Maerl beds typically develop in shallow bayslachs at depths extending froneap
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tide level to 40 metregMaddock, 2008) There are threenain maerl bed forming species,
however the species predominantly found in the Irish SeRhgmatolithon alcareum
(Maddock, 2008)Maerl habitats a important as they suppdiigh leve$ of biodiversity (over
600 speciedving amongst, on or underneatthe habitgt (Barbera et al, 2003; Gell and
Hanley, 2010; Gell and Hanley, 2013Jaerl is highly sensie to anthropogenic disturbance
like scallop dredging due to the fragile branching nature of the maerl sfideiddock, 2008)
Mearl habitad are important forPecten maximueecrutment and survival as the maerhit
chemical stimuls that encourage spat settlemead habitat complexity allowsuyenile to
escape predatiorfKamenos et al, 2004c; Howarth et al, 2015a) Thus maerl beds are
important nursenyhabitats (Kamenos et al, 2004c; Gell and Hanley, 201Gell and Hanley,
2013) These habitats commercial relevance and vulnerability to ahtopogenic disturbance
indicates this biogenic reefis an important area for conservatiofit present, maerl habitats are
legally protected under international consernvatitegislation andhe maerl species is listed
under theOSPARthreatened species liBarbera et al, 2003; Kamengset al, 2004; Gel and
Hanley, 2010; Gell and Hanley, 2013).

Habitat composition is not only important for juvenile recrutment andenuifsnction but can

also influence behavival responses in scallops. The predator swimming response is associated
with an increase in swimming frequency with individuals on hard substratereas,
individuals on sandy or sarmdud substrate show littleo tho swimming response and recess

into the substrat¢Shumway and Parsons, 201Therefore,the asumption is that juveniles

that actively swim in response to predation wil prefer hard substrate habitats compared to adults
that recess into the substrates so therefore prefer softer substrate habitats. It has been observed
that alults wil inhabit a vaiety of soft sediment, including coarse and fine sands, mixed

sediment, mud areas and gravel substréBeskersStewart and BeukeiStewart, 2009)

1.3.3 Threats to scallop stocks

Al scallops arehighly vulnerable to anthropogenic, biological and environmental factors,
which increasemortality atjuvenile and adult level The anthropogenicactvities include
mining, timber harvest, factor waste, urbamlytion and commercial fishingAlaska, 2004)
The biologcal and environmentalfactors include invasive species, storms, diseaaad
pathogens (scallop larvae are susceptible toVibrio pedenicida and Vibrio splendiduy,

predation pressure as wel as interspecies amdsp#cies competition(Alaska, 2004;
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Kes ar c od etalygald)sTiese factorgicrease turbity, eutrophication levejsharmful
toxin and nutrients awentrations,thus inducingstress and reating population survivability
(Al aska, 2004 ;, eKab 2@ld) Howkver jWémile sscalbpsare extremely
susceptibleto theseinduced stresswhich increasesspat mortality when these eventsccur
(Barbeauy et al, 1998) Two major threats tguvenile (<60mm) scallops survival during a
reseeding processepredatn pressurgmainly crabs and starfishBarbeauy et al, 1998) and

fishing pressureespecially mobile fishing gednat alters benthic ecosysten@org, 2002)

1.3.3.1 Predation

The main predators dhe scalgp P.maximusare Cancer pagurusliocarcinus puber,and
Inachus spp(crab); Pagurus spp(hermit cral); Asterias rubensMarthasterias glacialis
Parania pulvillus and Crosster pupposus(starfish; Eledone cirrhosa (octopug;
Anthopleura balli(sea anemong)Calionymus lyra, Triglidaeand other i$h speciegVeale et

al.,, 2000a; Shumway and Parsons, 208tarfish and crabs have the largest predator impact
on reseede®.maximugMagnesen rad Redmond, 2012)The natural daily predation rate of
P.maximuss from zero to three scallopper day which increases during inttial reseeding and

is variable depending on season and tempergtdiechin, 2002; Magnesen and Redmond,
2012) Predation is a major imiting factor on scallop survival and dispersal during reseeding
(Barbeau and Scheibling, 1994Reseeding management strategy causes a densgaggn

of scallops which results in changes in the predators through short and long term behavioural
responsegBarbeay et al, 1998) The short term response ds increasein prey consumption
rates of individual predatonshilst the longterm response is increasguledatordensity in an
area(Barbeau et al, 1998) Therefore predationpressureis a major factor reducingscallops

survivability especiallyimmediately after reseedingBarbeau et al, 1998)

The starfishscallop inteaction occurs predominatey during dense aggregationsf newly
reseeded scalop@arbeau and Scheibling, 1994i9tarfish have beerecorded feeding on
scallops that arlew in qualty, are stil recoveringrom handling and transport, damagex
smaler tlan 37mm fuvenile) (Barbeau and Scheibling, 1994a; Magnesen and Redmond,
2012) Starfish are nowisual hunters that moveslowly and search fo prey using
chemoreception andhance encounters therefore higher encounter ratessult in greater
mortality rates(Barbeau and Scheibling, 1994bhe scallopsdefensive behavioural response

to a starfish threatis to swim or jumpto escape predatiprwhich is less welleveloped in
cultured scallops compared to wild scalof®arbeau and Scheibling, 1994a; Magnesen and
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Redmond, 2012) This swimming behavioural response increases in intensity with age, thus
smaller scalops are more wulnerab{Magnesen and Redmond, 201Zhe major starfish
predators areAsterias rubensand Marthasteria glacialis which hunt in shallow waters
inducing a high mortality rateto juvenile P.maximusas larger scallops are to energetically

costly to predate upoBarbeau and Scheibling, 1994a)

In crab-scallop interactiof) encounter rateappearto be amajor factor determining predation
rates however this predators effectiveness is sizgeddent(Barbeau and Scheibling, 1994a;
Grefsrud et al, 2003) Crabs are fast movingoredators thatdetect prey through visual,
chemical and tactie stimuli (Barbeau and Scheibling, 1994tgcallop defence behavioural
response to crabs are to closerthalves which lowerssurvivability as capturedgcallops are
consumed(Barbeau and Scheibling, 1994Thus crabs are a primary cause of scallop mortality
as theyfeed onundamaged adult scalepThe mainspecies known to consume adult scallops
areCancer pagurusgedible crab (Grefsrud et al, 2003) howeverLiocarcinusspp(swimming
crab) and Pagurus spphermit crab)have been recorded preying on small adiilsnking et

al., 2004) C.Pagurushasthemost efficient predation oA. maximuslue to their larggoowerful
claws with blunt, broad molars whichreaspecialised in breaking hashelled bivalves(easily
break and crush vales <50mmowever larger crabs do consume adult scallops >30mm
(Grefsrud et al, 2003)

1.3.3.2 Fisheries

One variable that influences scallop survival rate is the use of mobile fishingSgadmps are
harvested uwsg nobie fishing gears (dredging and trawlingyhich target species that live
within and on the seafioor (i.é?. maximu}y resulting in physical altestion tothe seafloor
(Howatth, et al, 2015a) Mobile fishing gear camalso be advantageous to the immediate
environment as it provides additional fofmal scavenger&nd reduces interspecific competition
(Hinz, et al, 2009) However, overalthis gear has a negative effect on thenthos as it alters
the community assemblage and niche function by reducing habitat complexity, biodiversity
(loss of 40%), biomass (reduced by 72%), abundance and produgtiatllSpencer and
Moore, 2000; Kamsr, et al, 2000; Howarth et al, 2015a) The intensity of the fishing pressure
can even reduce scallop stockuweconomicdy viable levels within a year(Brand et al,
1991). It has also been shown trasingle towing eventcauses major alterations to the benthos
community compositon and habitat complexitfHal-Spencer and Moore, 20Q0and

prolonged chronic disturbance results in permanent community regime (Saftde et al,
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2000b) Chronic disturbancealters disturbance sensitive habgasuch asve maerl bedss it
reduces the habt acbniplexity and kils off Iving maerl causing a loss in nursery function
(Hal-Spencer and Mae, 2000; Lambertet al, 2011) Thus, thedss ofimportant nursery,
feeding and breedindgnabitat can impact recruiment succesel scallop survivawithin the
immediate areglLambert et al, 2011) However, this is not the case for all halsitsds
disturbance tolerantecosystemsdisplay high level of species survival and faseaovery
(Thrush et al, 1995). Resiient habitats are typically dominated by encrusting biogenic
(encrusting algae) and sandy substrédexander et al, 2009)

Overal, mobile fishing gear hadetrimental effectdo benthic communities, and may inevitably
prevent fisheries sustainability.h@refore it is essential thatobile fishing gearis prohibited
near or within newly reseded areas,as damaged scallops have an increased risk and
vulnerability to predation. Thus spatial closures around reseeded areasuanohd less resilie nt
habitats are neededo safeguard these important ecosystems (nursery andrigje@durray,

et al, 2009a; Howarthet al, 2015a)and encourage reseeding success, which wil lead to future

sustainability within the scallop industry.

1.4 Rational
1.4.1 Isle of Man

The Isle of Man(Manx) is situatel in the centre of the Irish Sea between England, Ireland,
Scotland and Wales. In 2009, the Manx government established two replenishmeninzones
Niarbyl Bay (western coast) and Laxey Bay (eastern coast). Theseeseezled with juvenile

king scallops inorder tore-build depleted scallop stockSlater, 2006)In order to encourage

stock replenishment within overexploited aremsyine reservesvere created to close off an
areato mobile fishing gears tprotect the existihg and reseeding scallop papoitas wel as

to protect their habitats. These marine reserves not only protect scallop stocks but also provide
protection to over 2300 other Manx fau(@el, et al, 2013)

1.4.2 Rational

In 2016, DEFA (Department of Environment, Fishing and Agulture), and the School of
Ocean Science at Bangor University conddcta habitat survey, with focuon the

commercially important king scallopP (maximuy their associated habiatnd conservation
important habitat The survey was undertaken as th@rent health and distribution of marine
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habitats and species withihe Manx marine reserveswas uncertain which hampes fisheries

management decisian Thus, in order to make informed management decisiche, Manx

governmentrequred a comprehensive assessment tlmmbentlic habitat andscallop stocks

within both mame reserves (Laxeay and Niarbyl By). This information wil provide

supporting evidence faldefining whether the objectives of increased scallop denstties was met

and decide whether theservesshould be reopenei mobile fishing activates

This thesisaims to investigate the beisthenvionment with a focus on sensttive habitatsnd

scallop population density within two closed areas in the Manx territonsdter, in order to

provide information to the Manx government to help with futereironmental manageme nt

decisios on their marine rserves.

1.4.3 Objectives

Objective 1:

Objective 2:

Objective 3:
Objective 4.

Objective 5:

Objective 6:

Objective 7:

I’klk\‘.\'(:()[, N
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Generate a biotope map of the benthathin the marine reserves Laxey and
Niarbyl Bays.

Identify the distribution ofvaluable habitats and specieswithin the marine
reserves,i.e. those vulnerable tochrorc fishing disturbance important for
commercial speciesecrutment (nursery aas) andlegaly protected under
legislation like the Habitat Bictive and Widlife Act, 2004.

Identify mobile scavengers within the marine reserves.

Identify community bialiversity within the marine reservand within different
substrate types

Estimae the scallop (Pecten maximQgopulation density, sizeérequency and
distribution within Laxey and Niarbyl Bays marine reservesfor 2016,
encompassing a temporal comparismmscalop density.

Estimae the density anddistribution of P. maximugredatorswithin Laxey and
Niarbyl Bays marine reseng

Assessthe substrate/ habitapreference of commerdig important shellfish

species.
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1.4.4 Hypothesis

H1:

H 2:

H 3:

H 4:

H 5:

H 6:

5 ;’

sanGor £
UNIVERSITY hk

Biogenic reefs wil have a greater biodiversity comparedaidy or mud substrates
(unvegetated habitatsyithin the reserves

The scallop population within LaxeBay, wil have ahigher density in 2016 compared
to historical densitieq2014)during the time of protection

The scallop population withifNiarbyl Bay, will have ahigher density in 2016compared
to historical densiteq2011 and 201Pduring the time of protection

The sizefrequency of thescallop population wilbe similar to historical sample as zero
fishing pressureoccurs within theeserve.

High density of scalps wil occur in regions witholv density of predators

Greater density of scalops wile recoréd in areas with &igher percentage cover of

habitat structural complexity compared to habitat with no structural complexity.
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2 Methods
2.1.1 Isle of Man

The Isle of Man economy is predominantly based on the commercial fishing industrythevith
shellfish industry being the most financially important (scallopspwn crab, lobster and
whelk), providing an annual income @fl3 milion (Hanley et al, 2013) The scallop industry

is the most valuable fishery ms2014 it provided59% of thef i s h gearly éancode (DEFA,
2016) however harvesting scallopsrcbeextremely destructive to behbs, as dredging gear
penetratesthe substratgBrand et al, 1991) Therefore, to prevenalterations to important
habitat strategies with good scientific backing and effectve management need to be
implemented in ordeto conserve future stockst Haslong been recognised that stocks are
imited, the Manx government has implemented six inshore and four offshore marine closed
areas(DEFA, 2015) Management strategies lkeutwating, restocking combined with
rotational closure, and watanaged closed areas have shown to result in scallop stock
recovery and increase recruimerBrand et al, 1991) The Manx government has
implemented supplementar{reseeding) and spatial closure management techniques within

Laxey Bay and NiarbylBay to replenish depleted scallop stocks.

2.2 Description of study area

This study focuses on two closed areas (mareégerves) around the Isle of Man terrestrial
waters,one on the eastern coast (Laxey Bagdthe otheron the western coast (Niarbyl Bay)
(Figure 1). These areas are protectedthg SeaFisheries Byelaw, which prohibits mobigear
fishing within the sed aredDEFA, unpublished)

Following the success of Port Erin marine reservbe DEFA outlined a proposal for two

reseeding area closuras 20072008 DERA business planand the closure of Laxey and

Niarbyl Bays was proposed in March 2008hese bays werselectedand agreedor closure

after extensive constation with theManx Fish Producers Organisation (MFPQjarbyl Bay

was the most practical choice as MFPO was not wiling to consider closures in Ramsey Bay at
the time. The closure of Laxeand Niarbyl Bays protects the benthic community within these
restricted areas, here trawling/mobile fishing gear is not permited.The main goal of the
closure was Ato ensure that ad to alpcenn bchllep s upp
fishi ng (Bbar,o020l6)dathough conservation benefts may also occur. The benthic
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habitat and scallop stock within the area were assessed after 6 year & dgdBangor

University with the collaboration of DEFA

The eastern marine resenieaxey Baywas closed in 2009 to protetite potential seeding

grounds for P. maximusLaxey Bay is approximately 4kfnwith a depth ©15m. The closure

boundary restrictorfrom headland @ar r i ck Roayrt 54A 14. 4006 N,
(Clay Head 54A 11. 800 TNeare\0ad rese@dBcauitnéof2009 ( Fi g
with one hundred thousand juvenile scalops2(fearold) from Mulroy Bay Scallop Farm

Ireland, in order to replenishative stockgKennington, 2009)Two locatiors with a suspected

maerl substrate waselected for the reseedingnewas locatedn the centre of the bay arie

second wa# the south of thdvay @pproximatelyl10m depthKennington, 2009)LaxeyBay 6 s
preliminary study indicated that the substrate was predominantly finer substrate with low algal

coverage(Kennington, 2009)

The western marine reservdliarbyl Bay was closed in 200® protect another potential

seeding group foP. maximuslt had an area approximatelgkn? and adepth ranging from Om

to 25m. The boarders of this closed aaesdefined by two markerEEl by Poi nt (54A
0O04A 44.5606 W and Fleshwick (Bigug2b)(DEBAM 06. 5
unpublished.) In 2009, he area was reseeded WE/©00wid caughtscallops fromlocal fishing
groundsaround the west of the Isle of Méikennington, 2009)The wild caught scallops were

arange of sizes (69mm to 158mm) however the dominant cohort was 3year old scallops
(100mm120mm) (Kennington, 2009).The location of there-laid scallops was the south

westen sector of the bay, as theenthic habitat comprised gravel substrate at a depth of
approximately 15m which was indicated during a preliminavanVeen grab survey
(Kennirgton, 2009).The preliminary survey indicated that NiarbylBay had high local
P.maximusdensity andlocation of the bay means that it &posed to westerly gales
(Kennington, 2009)This intial reseeding was followed up with a secomdnsfer in late

October, where approximately 110,000 wid scallops wertlkide(Kennington, 2009).
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2.3 SurveyDesign andDataCollection Method

The marine reserve seab&ds surveyed using a video sledge whicla lisw impact and no-
invasive sampling techniquethat obtairs high resolution images dhe benthosover a large
spatial scaleover a short time periodThe video sledge comprises a live video feed, a mounted
camerawith flash (CanonEOS 400 1080dp and 60 frames per secoma)high resolution
GoPro Hero 3(1080HD) and twvo underwater lights on the front(Figure 3a) The mobile
scaenger spcies within the marine reservegre surveyed using a baited remote underwater
video system BRUV) (Figure 3b). The BRUV was a demeshed lobstgot with bait, GoPro

Hero 3 and underwater ligrattached to the frame

Laxey and Niarbyl Bays were sirveyedfrom the 13" June 2016 to 25Jure 2016. The benthos
was surveyedusing the noninvasive video sledge techniqudeployed off the back athe
government enforcement vessePV Barrule. Due to boat movability and draft restrictions the

video sledg wmuld notbe deployed at depth shallower than 5m or@asa Were static fishing

pots werepresent.

Figure 3: The equipment used in the benthic survey of the two marine reserves. Image A (left
sledge with live video feed (front of the sledge) (right) and the stillimage camera and light (cen
sledge, position horizoritg to the seafloor). Image B (right) is baited remote underwater video (E

system with the bait on the left and camera with a light on the right.
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2.4 Video Sledge

The benthicecosystemwas survegd using a video sledge that was towed alpmgdefined
transects that incorporate all deptl@gesacross the closed are@he stil video camera
attached to the sledge frame was set to take a photograph every ten sHoersiart pointof

eachtransect waset asvhen the sledge tobed the seafloor anthe live video feedvas clear
enough to ee detail in the benthpsvhich occurred at speed of0.3knots The end point of
eachtranset was when the sledge lited off the seafloor or ltmat speed increasetb

>1.5knots.

The Laxey Bay survey comprisedsix transectswhich covered all section®f the bay(Figure
4a) The video sledge was towedlong each transect for 1 hour, producisy 10 minute
segments.Laxey Bay covers a smaler area, thus long tows were usembtin fine scale
information on the benthic compositomfter recovery of ihe video sledgea 1 hour video
(GoProHero 3) and 360 stil images(Canon EOS 400Dcamera were collected and stored on

two hard drives foeach transect

Niarbyl Bay was surveyed slightly differently due the largerarea and inshore fishing pots.
Therefore, to covethelarger area in the same time fran® shorttransectwere set across the

bay all measuringapproximately 200m apariFigure 4b).The video sledge watowed along

the seafloor for 10 minutes at each transect, however to save timédbesiedge was not
removed from the water after each transect, instead the video sledge was towed in the water
column until the next transect predefined start location was reached.ti@transect equate

to six 1 hour video towdAfter recovery of thevideo sledge 4 hour videoand 360 stil images

were recoveredhowever only a maximum of 50 minutes could be usednin anetow as

recording occurred during deployment and recovery.

During eachvideo tow, the GPS coordinateatitude, longitude), ithe anddate vererecorded

every 30 seconds usingacker software aboard the shidowever, depth was only recorded
every 5 minutes. Th&PS cordinates, time and dateere also recoet manually every 5
minutes as a backup ¢ase the software crashéthesevideos and stil imagery data with the

tracking dataverethen used to generate biotope maps and provide population estimates.
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Due to the complexity of the method ds&simplified version ofthe method procedure was
displayed in aflow chart, locateat the end of the method sectifigure 7.

AW ALEDW ATHOW FATOW SN SLLOW FITW 4130w

SHU4ON Niarb !l Ba y

s 100"N

Figure4: A mapof thevideo sledge transeasedn thebenthic surveyBlack lines indicate thieows
and the light turquoise indicated tingarine reserveMapA (left) is LaxeyBay,andmap B (ight) is
Niarbyl Bay.

2.4.1 Video Sledge: @Ata Processing

2.4.1.1 Stil Imagery Processing

The stil images werdaken every 10 seconds and the GPSominates were recorded
automatically every 30 seconds. The images were theparated into 30 secondsctions,
comprising of 3 images p&oordinate. An inspection of each image was conducted before
analyss using acriteria table(Table: 1) which assessed the image basedisinility and quality
(Hannah and Blume, 2012If the image scored zero in any the twocategoes within the

criteria tablethe image was rejectedhis resulted in a single image per caagite with a high

criteria score being using for further investigatiofhe images werdémported into Imagel
wherethe stack function was used to enhance the same level of brightness and colour contrast

to all the images.
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The habitat types were deterntindy overlaying a 12 point grid in ImageJ. The overlaid grid

was set to have intersecting lines 800,000 Jiggart. This created 12 markers on the still

image. At each marker the surface substrate was identified according to its visual appearance,
as wd as based on measured grain smhich was usedo classify the sedimenfrom the

Wentworth scale (Table2). However, sediment smallerath 0.25mm could not be measured
using | magelJ, thus the classificamediwunnsandi s and o
and coarse sand. The habitats were identfied as biogenic or macroalgae substrate, which
included maerl bed, seagrass meadows, and brittlestar beds (biogenic reef), as wel as
Laminaria spp., Rhodophyta (red algae) and other macroalgae sebstfapercentage cover

of the substrate type was estimated based on the 12 markers for each image.

All sessie and mobile epifauna present in the images were identified to lowest taxonomic level.
If species identification was not possible, or potentialigccurate, the species were given an
identification code based on their phylum. This coding process was essential for algae,
bryozoans and hydroid species especially with highly similar species that required microscopic
analysis. The algae, bryozoans dmydroid species were marked as either present or absent,

whereas sessile and mobile species were recorded as individual counts.

Tablel: Criteria table used to either rejected or accepted photogséimanalysis. The criteriaable

wasbased on the visibility and quality of the images field of \(ldannah and Blume, 2012)

Category Score Criteria
0 View is totaly obscured by suspended substrate (turbidity
image is unfocused or lens is foggy
— . 5 —
Visibility 1 \_/leyv is pnglaIIy (_<_4Q_A)) obscured by turbidity or low
lighting (limited visibility)
2 Clear view in light area
0 Camerais at an angle, looking up into the water column o
>70% of the image is covered with close up rock or kelp.
Quality 1 Camera is at the correct angle, close flora is blocking <70
2 Camera is at the correct angle, and unobstructed view
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Table2: Wentworth scal@able used to define the measusedimentsvithin each photograph. As grain

size determingesediment tge (Wentworth, 1922)

Measurement (mm) Wentworth size class Labelled
>256 Boulder Rock
64 - 256 Cobble Pebble/cobble
8-64 Pebble Pebble/cobble
8-4 Fine Gravel Gravel
2-4 Very fine gravel Gravel
171 2 Very Coarse sand Sand
0.5-1 Coarse sand Sand
0.257 0.5 Medium sand Sand
<0.25 Fine sand and muds Sand

2.4.1.2 Video Processing

The video datavas $ed to estimate scallop density drabitat verificationas well as tadentify

any less commattarge mobile and sessie species. The Goddlen footage was viewed using
VLC media player and images of scallops and rare species were extracted eskigCth
screershot function. Allvideo images were identified to a minimum of genus level and this
information wasintegrated with thestil image species abundance database. Al scalop
photogrhs were processed using Imageihassalowed each scallop be measuredThese
measurements were used to estimate the scallofresgeency within each of the closed areas.
However, due to camera movement and the scalop positoning within the frame, the

measurement have a mnimum error of £4mm.

2.4.2 Habitat Mappng

The biotope maps were generated in ArcGIS using two different approaches, the ugpttom
approach and the tegown approachas this gives more detail on the benthic community
composition (May, 2015) The bottorrup approach is a biotope mapping timoel that utlises

the congregation of different community assemblages and environmental factors to determine
different habitat types within the closed area. Thedopn approach is a biotope map that is
based on stricty defined habitat classificatiott tare internationally recognisedlihe full
datdbases were then further pooled into similar habitat dmohinant species assemblage, to
reduce the sample sizlar the statistical analysisoftware. After statistical analysis the pooled

database was deainucted back to GPS point level for the Biotope maps to be created.
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2.4.2.1 Top-Down Approach

The topdown approachwas based orthe Joint Nature Conservation Commitee (JNCC)
Marine Habitat Classification for Britain and Ireland (MHCEQonnor et al, 2004) The

JNCC MHCBI provides amanagement tool for conserving marine benthic habitat as it
categorised all habitats based on a comprehensive classification system with a hierarchical
format (Connor et al, 2003; May, 2015)The JNCC classificatioruses aaommonreference to

alow for spatial and temporatomparisons as habitat class vimsed on predefined criteria
(Galparsorg et al, 2015) This common referencavas essential for conservation programs and
monitoring schemegGalparsoro et al, 2015) The hierarchical formatiorarebased on levels
associated with depth zone, substrate composition, key species and overall species composition.
Eachstil image was classified usingNCC MHCBI which was based on the percentage cover

of each identified habitatHowever, some habittcould only be identified tevel 2 lke the

rocky habitatswhich require environmental conditions to be known before proceeding to the

speciescomposttion level (Table3). Thus, each GPS point had a resultant habitat category.

The 30secondsnterval points with the JNCC classifications were imported into ArcGIS 10.3,

to create the biotope map using an algorthm called inverse distance weighted function (IDW).
IDW extrapolated the habitat types between the points, providing the basis of the habitat
boundaries. For IDW to work the JNCC halstatvere given a number from 1 to 1¢Table: 4).

The algorithm then determined the likely habitat code around each point to create a biotope
raster in ArcMap. This coding however did result in habitat codes occugigwere no
actually present. TherefgréDW was used to define habitat boundaries arourath paint, then

polygons werecreatedfor each habitats | assed by the pointds JNCC

The pooled database was dise PRIMER v.6, a multivariate analysigClarke and Gorley,

2006) PerrrANOVA in PRIMER v.6 was undégiken in order to determine the significant
differences between the community compositions of the diffed®&NE€C classified habitats. A
SIMPER analysis was also undertaken to identify species that contributed most to habitat

dissimilarity in species compiign, as well as species similarity within the habitat.
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Table3: TheJNCC Marine Habitat Classification fdritain and Irish Seasused to determine the
habitatswithin the narine reserves. Hbitatwere classified based on J&Qierarchicalsystem, that

has a desription with it corresponding codes for each levi@onnor, et al., 2004)

Level Description JNCC Classification Code
Level 1 Environment (marine) Sublttoral sedment SS
Sublittoral macrophyte
Level 2 Broad habitat type dominate communities SS.SMp
on sediment
Level 3 Habitat Complex Maerl beds SS.SMp.Mrl

Phymatolithon
calcareunmaerl beds in

Level 4 Biotope Complex infralittoral clean gravel SS.SMp.Mrl.Pcal
or coarse sand
Phymatolithon
ca_lcareunmaerl bed_s
Level5& 6 Subbiotope with red seaweeds in SS.SMp.Mrl.Pcal.R

shallow infralittoral
clean gravel or coarse
sand

Table4: The JINCC MHCBIthat wereoccured within the marine reserves; with t&CC code,

descriptiors and codenumber for all habitat displaykin ArcGISmaps(Connor, etal., 2004)

JNCC Habitat Description Code
SS.Smp.SSgr.Zmar Zostera beds in full salinty infralittoral sediments 1
SS.SSa.lFiSa Infralittoral fine sand 2
SS.SSa.CFiSa Circalttoral fine sand 3
SS.SMx.IMx Infralittoral mixed sediments 5
SS.SMX.CMx Circalittoral mixed sediments 4
SS.SCS.ICS Infralittoral coarsfgravel sediment 6
SS.SCS.CCS Circalttoral coarskgravel sediment 7
SS.SMp.Mrl Phymatothon calcareunmaerl beds in infralittoral clean gravel 3
or coarse sand
CR.MCR Atlantic and Mediterranean moderate energy citoedit rock 9
CR.MCR.EcCr Echinoderms and crustose communities on circalittoral rock 10
CR.SMp.KWsSS | Laminaria saccharinand red seaweeds on infralittoral sedimer| 11
SS.SBR Sublittoral biogenic reefs 12
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http://jncc.defra.gov.uk/marine/biotopes/biotope.aspx?biotope=JNCCMNCR00001554
http://jncc.defra.gov.uk/marine/biotopes/biotope.aspx?biotope=JNCCMNCR00001554
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http://jncc.defra.gov.uk/marine/biotopes/biotope.aspx?biotope=JNCCMNCR00000734
http://jncc.defra.gov.uk/marine/biotopes/biotope.aspx?biotope=JNCCMNCR00000734
http://jncc.defra.gov.uk/marine/biotopes/biotope.aspx?biotope=JNCCMNCR00001497
http://jncc.defra.gov.uk/marine/biotopes/biotope.aspx?biotope=JNCCMNCR00001497
http://jncc.defra.gov.uk/marine/biotopes/biotope.aspx?biotope=JNCCMNCR00001497
http://jncc.defra.gov.uk/marine/biotopes/biotope.aspx?biotope=JNCCMNCR00001497
http://jncc.defra.gov.uk/marine/biotopes/biotope.aspx?biotope=JNCCMNCR00001497
http://jncc.defra.gov.uk/marine/biotopes/biotope.aspx?biotope=JNCCMNCR00001497

2.4.2.2 BottomUp Approach

The pooleddatabase was used in thettomup analysis in PRIMER v.€Clarke and Gorley,
2006) This multivariate analysis was used to determine the significant changes in the benthic
community compositionwhich identified clustelgroups whichwere usd to generate a bottem

up biotope map.

The grouped benthic datat in PRIMER was transformed using a square root transformation,
in order to reduce influence of rare or dominant taxa. A-Brastis similarity coefficient matrix

was then generated. BLUSTER analysis was performed onetlpooleddataset to identify
significant graipings in order to distinguishand classify the benthos. A SIMPROF (similarity
test for an apriori design) was incorporated into the cluster analysiscréate clustered
groupings factors, one was based on the environmewaiablesand a second factor was based

on the species assemblage. The grouped dataset was deconstructed into theof@iP&teo
points with the defined cluster groups factors attachidese defined points wenesed to
generate a biotopenap in ArcGIS. The method used to generate the biotope was the same

procedure as the tegjown mapping process.

The grouped benthicesemblance matriin PRIMER wasused togenerate a MDS plaofNort

metric Multrdimensional scmlg) which provided visual representatives of community
composition. The SIMPER function was undertaken with the factors obtained from the cluster
analysis. This was undertaken in order to determine which species contribute most to similarity
within the clster groupings and dissimilarity between the cluster groupings. The cluster
groupings were statistically analysed using the PermANOVA analyBi® relationship
between the environmental variables (average depth (m) and percentage cover of substrate) and
community compositon s analysed using BEST analysis with BENV function. A

draftsmanods plot was also conducted on the e

2.4.3 Species diversity

The full database was aggregated into the 10 minutes tow time, in order to get a diveesty i

for the marine reserves. The diversity indices were obtained using the DIVERSE function in
PRIMER v.6. Tle species richness and Shank@iener index were displayed graphically on
ArcGIS. The species database was also used to calculate the dimalisieg for each JINCC

habitat type and overal closed area. This was undertaken using the DIVERSE function in
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PRIMER, which generated outputs for:ot al species (S), tot al
evenness ( J), an8hannoAWiener (H'(loge)) (Clarke and Gorley, 20065hannoAVie ner

index is a measure of biodiversitthe greater the value the more diverse the commyKihan,

2006) These diversity indexes were analysed for any significant difference between habitats
and overall closed areas using ANOVA iSPSSstatistic software packag@he diversity
indexes per 10 minutes was superimposed on to the biotope maps generated byldiventop

approach.

2.5 Baited Remote Underwater Video (BRUV)

The BRUV wasdesigned taecordthe relatre occurrencefrequencyof mobile scavengerghat
were attractedto an odour plumecaused byhe olly fishbat The BRUV compri ses
shaped lobster pdtame with no mesh; a mounte@oPro Hero 3 cameravhich wasfitted to
one engdandaplastic baiholder on the otheend (Figure3b). The GoPro was set to wide frame
(1080dp and 60 frames per secomiin underwater light with a diffuser attached to the lens
(reducing the lights deterrent effeanhd thus allowing the entire video frame to kmvenly lit)
was placed besidthe video camera. The lobstgrots wee attached tca 30m rope with two
buoys.One of the buoysvasattachedslightly further down the ropeto reduce he potential of
the rope falling in front of the camerdhe BRUV was positionedhorizontally on the seafloor
capturing information on the species attracted to the oily fish bait. Thedraiisted ofl.5 to

2 herring that were stil frozen and freshigut; this wasto prevent the loss of oils that attract

the mobile scavengers.

BRUVs were deployed randomly across all depth ramgebat each site between the hours
08:00'20:00. The time, date, latitude, longitude and depth was recorded for each BRigV.
BRUVs were left on the seabed for a minimum of 60 minutes based on the swations
from Wilis and Babcock(2000)and Watson et al. (2005) studiedfter 60minutes the BRUV
was hauled back onto the boat and video datscollected from the SD cards. TI®D cards
were wiped and the BRUVs were redeployed. BRUVs were deplpead the FPV Barrule
and a local fishing vesseFY Manx Cat). On thd-PV Barrule the BRUVs were deployed at
the same time as the video sledge tows were condudtdartunately no replicates within the
various habitat type and depths was undertaken dtind@oconstraints; therefore the BRUV

only give an indication of the variety of species within the immediate area.
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Figure5: Amap of the Baited Remote Underwater Video system (BRUV) deployedin the benthic survey.
The black lins indicate théBRUV locationgnd the light turquoise indicated the area closiviap A
(left) is Laxey By and map B (ight) is NiarbylBay.

2.5.1 Data Processing

BRUV datawasanalysed using Windows Media player or VLC player. These videos pdovide
information on species, abundance, arrival time to bait and behavioural responses of
individuak. The habitat type according to the MHCBI was identified for each BRUV deployed.
BRUV data vasseparated into 5 minute intervals, witth splecies observed in the vidédame
being identified to a minimum of genus level. Tladundance of each species was recorded
using the methodologydescribed byCappg et al. (2004) The abundance was recorded by
counting the nurér of individuas for each species seen in a single frame at a single point in
time. The maximum number of individualaxN) for each species was recorded for each five
minutes. The exact time at which MaxN occuesd the time at which the first individiuaf
each species arrivdéime of arrival TA) at the baitwas recordedor each BRUV

2.5.2 StatisticsAnalysis

The species and abundance data was used to identify the mobile scavengers in eawtoof the
marine reservesThe MaxN data was added into theRIMER V.6 analysis and used in
investigating the differences between the diversigices (Diversity Function on PRIMER)
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between habitat typemnd closed area¥he patters of diversity within the marine reserves are
displayed in ArcGIS.

2.6 Scallop Dengy

After the marine reseng establishment, the juvenilscallos werereseedd into the bays in
2009. TheP. maximuguveniles reseedednhto Laxey Bay were 2 yearold (mean of 51.2mm)
and NiarbylBay were 3year old (mearllO7mn). In order to moitor the stock levels and the
long term survival angrowth rateof the tagged scalopsn annualdredging survey has been
undertakenwithin the marine reserveSherefore the governmentistorical database contains
information on the scallopstock density within the predefined grids(Figure: 6a; 6b). The
scallops recordetly the video sledgewas usedo estimate population densites witheach
historical grid (Figure: 6a; 6l The density of scallopsvas converted into scallop per? to
alow for comparisonwith historical data.

The scallop density was calculated using the equation:

Density =No. Scallopsper tow/ Area Swept by video tow.
Area svept by the video sledge wasalculated using the below calculation. The distance of

transect was measured in ArcGaBer all sampling was undertaken.

Area Swept = width of camerfeame (m) X distance ofansect(m)
The historical density within eachmarine reservavas statisticallyanalysedusing ANOVA in
SPSS.

The sizefrequency analysis required the measuren@fihes ¢ a | Widthptstide nearest mm.
Al scallops recorded in the benthic ey were measured except foarfiml scalops. The
measurements were undertakienimageJwhich had an accuracy +4mm. The historical and
2016 scalop measurementvere usedd generate siz&éequency plotswhich were used to
llustrate thetemporal change isize distribution within the marine reservédie reseeding
population was identified in each year by estimating the potential average size bikesban
(1957) growth rate and second estimatavas produced by calculating the growth rate of the

populations based on the historical age with size data.

27|Page

sanGor £
UNIVERSITY hk



AATI0W APATOW AE30TW AME0UW  APASIW 4MS0NW 430w P40 W
1 N L 1 N 1 1

Niarbyl Bay

4724°30" W 47240 W 472330 W 4230"W 472230"W

__Lsrersaon

54°13'0"N

F34°12'30"N 6

Figure 6: A mapof thehistorical grid used to estimate scallop density mérThe black lines indicate
thegrid defined by the Isle of Man government department (DBERA)the light turquoise indicated
the cloed area Map A(left) is LaxeyBay andmap B (righj is NiarbylBay.

2.7 Predation Pressar

The predator pressure dhmaximusvas assessed by measuritiggir predator density. The
predator species were identified from both the video sledgegloaad BRUV data within

Laxey and NiarbylBays marine reseng The density within each historical grid was estimated
using the video sledge data to allow for comparisons between the scallop density and their
predator densityThe density of scallop predators was estimated withich @storical grid to

give avisual indication of predation pressure to scallops. The density estimation for predators
was carried out in the same way as the methodology for estimating scallop deRs#id&RUV

footage and video sledge footage was useddicate the predator species within the reserves.

2.8 Habitat association

The aggegated tow data was usedaaly® the relationship between the commercial species

densiyand habitat c o mp | e khe abynilace datarfoc ldng scallgpd. ( ¢ o v e |
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maximu$ and edible crabs €. paguru$ was converted into density per towhe habitat
complexity percentageoverper tow wasestimated based oithe grouping of habitat that were
classed as complexHabitats that were classified as complex are roohaerl beds, seagrass
meadow, gravel, pebbles, and macroalgae habitats. Theongriex habita were sandy,

muddy and turf algae habitats.

The relationship betweelabitats complexity and the specid3.maxiumsand C.paguruswas
analysedstatistically @ing a quantile regression indatistics which assegsthe polygonal
relationship rather than a simple linear relatonsiididdink and Kaiser, 2005)The
relationship with deptivasalsoassociated using guantile regression. The quantile regression

is a statistical tool that describes the relationship between the abundance and the limiting
environmental factorwhen other limiting factors occur simutaneouqf@ade et al, 1999;
Hiddink and Kaiser, 2005)The 50" quantile is equivalent to the linear regression. B0
guantie was used t@stimate the population limitatiprthe species abundanaeas limited by

this environmental facto(Hiddink and Kaiser, 2005)
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Figure 7: Method flow chart explaining the procedwrad andysisused in the benthic survey. Blue indicatesgraeess for thelata that was not aggregatétp-down
biotope map)Green indicates therocess for thelata that was aggregated by tow. Red indicttegprocessor the datathatwas aggregated by ssipate similarity within

each towBottomup biotope maps)
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3 Results

3.1 Biotope Maps

The kenthic survey was undertaken between 5m to 25m befiart datum(Figure:7) a total

of six tows with 5 ten minute segmentser@taken for each marine rese, howeverdue to
camerafailure and the sledge getting stuck on a ghost fishing pot, one of the 1 hour video tows
only acquired 20min of data total of 236 species were identifiedrom the stil images and

video footagesand 19 mobie scavengers were identifiednt the BRUV footage in Laxey

and Niarbyl Bays The benthic habitat withinhé marine reserves was determined using the
JNCC classification, as well as by using defining benthic community assemblage based on the
results from a habitat analysis. The-@an biotope map was based on the INCC MHCBI and

the bottoraup biotope map wabased on the PRIME&uster groupings.

In Laxey Bay, the general distribution trenglasrecorded for the dominant class taxa within
the marine reserve (Figure 8Polychaetahad the greatest abundance and distribution
througlout the bay (Figure 8). The most dominafolychaetawas Arenicola marinawhich
was distributed throughout with sandy substraliéalacostraca had a wide distribution
throughout the bay; with the hermit craa@urus spp and swimming crabd.(ocarcinus spp
being the most predominant speci@steroideahada small distribution and was only present
in the centre of thday at depth of 15m (Figure: 7 & 8)and the species most commonly

observed wag\sterias ubens.

In Niarbyl Bay, the generatistribution trend of the dominant class taxa was recoraéthin
the marine reserve (Figure alacostracahad a wide distribution throughqutvith a large
variability of gecies, the most common species observece imachus dorsetensisCancer
pagurus Liocarcinus sppand Necora puberAsteroideawere widely distributed below the
depth 10mthroughout the ba, but the most common species observed Wasthasterias
glacialis. Gastropodsand Porifera had a greater abdance on the southern side to¢ bay
(Figure 9).Phaeophyceaand Rhodophytahad a greater abundance amdariety of species
were observed in the most northern and southern part of the bay.

The species assemblage, abundance and distribution wasntlifleetween the two marine
reserveqFigure 8 & 9) Comparing Niarbyl Bay to Laxey Bay, indicated that NiarBgy had

a greater abundance Gfastropodsand Porifera as well asa greater variety of algae phyla,
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Phaeophyceaand RhodophytdFigure: 8; 9landwider distributionwith greater abundance of
bivalves (Figure 8 & 9), however all thbivalves occurred within the 10 22m depth range
(Figure 7).

A2FI0NY 2w 4922307 W 270N AGTOW NHEOTW 4U60TW JHSE0TW 4MS0W R0 S0TW 4943307
. h L h L h L 1

Niarbyl Bay

547 140°N

~ PSEEII30N

FS4713'0"N

FS4712'30"N

F34912°0"N

Figure 8: The bathymetryith depth contour$or bothmarine reservesthebathymetrybackground
changes from dark blue (shallow water) to light orange (deep watkethick black lines indicate the

closed aredorders Map A(left) is LaxeyBays andmap B (ight) is Niarbyl Bay(Digimap, 2013)
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Figure 9: The abundance of theommorntaxonomy tasses within Laxeay marine reserveThe
abundanceelates to thesize of the circleThe thick blak lines indicate the bordetosed areand the
5m depth contours are thin black dirfstarting 5m depthYhe taxonomy classes are: A) Asteroidea
(starfish); B)Bivalvia; C) Bryozoans and hydroids; B3astropodaE)Polychaeta; F) Malacostraca
(crabsandlobster); G)Phaeophyceae (brown algae); H) Porifera (sponges); I) Rhodophy @ige).
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Niarbyl Bay
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Figure 10: The abundancef commorntaxonomyclasses within NiarbyBay marine reserve. The

abundanceelated tothe size of the circleThe thick blackihes indicate the border afosed areand
the 5m depth contours atkin black line(starting at 10m depth)rhe taxonomy classes are: A)
Asteroidea (starfish); BBivalvia;, C) Bryozoans; D) Gastropoda; E) Hydroid; F) Malacostraceaps
and lobster); GPhaeophyceae (brown algae); H) Porifera (sponges); I) Rhodophyi §Rm@e).
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3.1.1 Top-Down Approach

The JNCC biotope map generated in ArcQlSplays the distribution of the habitat within

Laxey Bay and Niarbyl Bay (Figure 12a; 12b)Laxey Bay 0 s bent hic habit a
predominantly of sandy substrate with patches of twogenic habitats (classified as
SS.SMp.SSgr.Zmar and SS.SMp.Mv)hich are of conservation imgance. SS.SMp.Mrl
incorporates living and dead maerl. This biogenic classificat@slocated in thecentreof the

bay at depth of 10-15m (Figure 12a). SS.SM.SSgr.Zmar incorporates thelgrass species

Zostera marinaThis habitatwaslocated inshore at depth <8m on the southern side of the bay,

which was awayrom the local town and public beaches (Figure 12a)

Niarbyl Bay hal a diverse range of habitat 8% classified under the JNCC MHC@figure:
12b). The area wadominated by rocky habitat (CR.MCR) akdlp forests (SS.SMp.KSwSS)
in the shallow inshoreegstern) parbf the bay. The areas classified as SS.SMp.KSw&® w
predominantly dominated bihodogyta species and.aminaria spp The central part of the
bay was predominantly coarse substrate (SS.SCS), this classification includes stone, pebble,
cobble andjravel substrate types. Wheredbke deeper parts of the bayere classified as etther
gravel sediment otbrittlestar bedSS. SBR).Niarbyl Bay benthos had two brittlestar biogenic
habitas. The first and most common type of brittlestar bed occurred irothey substrate close
inshore southernregion of the bay. Tl habitatwas classed as CR.MCRcCr (dark blue),
which was a small brittlestar bethat comprisesOphiothrix fragilis and Ophiocomina nigra
(Figure 12b). Thesecond brittlestar biogenic habitagas at alepth >15m irnthe southwestern
part of the bay. Thisunique biogenic habitatompised Acocnida brachata legs in sandy
substra¢ andwasclassified as SS.SBR (pinky the INCC MHCBIFigure 12b).

The benthic species community assemblags significantly differentfrom the INCC MHCBI
across both marine reseri@ermANOVA: PseudeF (11, 139= 3.623; p00.001).The SIMPER
analysis indicated that theSpirorbis spirabis and Arenicola marinacontributed the most to
species dissimilaritybetween the classificationafter taking into account thosgpeciesthat
define specific biogenic rees (Acrocnida brachiad; Ophiothrix fragilis; Phymatolithon
calcareumand Zostera maring The SIMPER analysisalso indicated the most common
epifauna species within each JNCC classificatiofable: 5). This indicates that the
commercially important geciesCancer pagurusvas a species that commonly occurred in
gravel sediment shallower #h 13m depti{SS.SCS.CCSThe SIMPERanalysis also indicated
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that Pecten maximusontributed to the similarity between the community composition within
mixed substre (SS.SMx.CMx) andravel substratgSS.SCS.CCS)rable5) at depths greater

than 13m.P.maximusvas also common within the communities associated wdthrl habitat.

The species compositiowas significantly different (ANOSIM: Global R = 0.473; p = 01)
betweenthe marine reservesLaxey Bay had an overall lower biodiversitgnd the greatest
diversity occurred within it$$S.SMp.Mrl habitat2.3-2.9) (Figure 13). Whereas, NiarbyBay
had the highest diversitgveral, with the greatest diversity acdng within the southern region
where the habitat encompassed CR.MCR andVCR.EcCr. The lowest diversity iNiarbyl
Bay occurred in thecentreof the bay at depth >15m (Figuré4).

The habitat classified ithe JNCC MHCBI systa from both marine merves wergroupedfor
the biodiversity comparison which indicated thadiversity indices were significantlgiffere nt
(ANOVA: F (11,1363=47.904; p = 0.000Metween habitat catagorieShe habitat categories as
CR.MCRand SS.SMp.KWS8ad the greatesteandiversity (1.9+0.1 CR.MCR and 2.2 +0.1
SS.SMp.KWS$ (Figure 10). These two habitat categorid®d thegreater species richness
(9.6£0.8 CR.MCR andL2.3+1.2SS.SMp.KWS$compared to other habitat categonghich
was significantly lower (2 6) (Figwe 11) Species richnesswas significantly differe nt
(ANOVA: F (11,1363)= 34.695; p = 0.000)etween INCC habitats
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Table5: Thespecieghat contributedhe mosto theJNCC MHCBI categoriesimilarity for both Laxey

and NiarbyIB a yn@sne reserve The species were identified from 8k PERresults(contributed

>4%).
JNCC MHCBI Species JNCC MHCBI Species
Arenicola marina . .
SS.SMp.SSgr.Zmar Zosteria marina SS.SBR Acronida brachiata
. Arenicola marina . . :
SS.SSa.lFiSa Tubeods SS.SSa.CFiSa | Arenicola marina
Arenicola marina .SI.S;][OrbIS spirabis
SS.SMx.IMx _Il__iggsskorem SS.SMx.CMx Pecten maximus
Rhodophyta spp.
Spirorbis spirabis
Turf
Rhodophyta spp. ThinRhodophyta spp.
SS.SCS.ICS Cancer pagurus SS.SCS.CCS | Phymatolithon
Cerianthus lloydii calcareum
Cerianthus lloydii
Pectin maximus
Phymatolithon . . .
calcareum gglcrghgrslr?; Eﬂf}ma
SS.SMp.Mrl Eydrobla spp SS.SMp.KWsSS Rhodophyta spp.
agurus spp. Coralline encrusting
Pecten maximus
Spirorbis spirabis Ophiothrix fragilis
CR.MCR Coraline encrusting CR.MCR.EcCr Spirorbis spirabis

Thin Rhodophyta spp|

Encrusting brown algag

Coralline encrusting
Small gastropoda
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Figure 11: Meandiversity index (SdmnonWiener)for INCC habitatategoriesfor combined data of
Laxey and NiarbyBay(IOM). The greater the ShannaMener value thenorediversity the habitat
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Figure 12: Mean species richness value for JINR&bitatcategories for combined tmof Laxey Bay
and Niarbyl Bay (IOM)
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Figure 13: Biotope map of the two marine reseruethe Isle of Man territorial waters. The biotope maps wggeerated according to the INCC habiategories
in ArcGIS.Map A (left) ndicates théiotope map foLaxeyBay marinereserve Map B (right)indicates thebiotope map foNiarbyl Bay Marine reserve.
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Figure 14: Diversity indices for the 10 minute tows were superimposed onto the JINCC Biotope maprferreserve ofaxeyBay in thel OM territorial waters
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Map A (left) indicates the spatial distribution of species richnksgp B (right) indicates the spatial distribution of diversity index
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Figure 15: Diversity indices fothe 10 minute tows were superimposed onto the JBIGOGpe magor theNiarbyl Bay marine reserven thelOM territorial waters

Map A(left) indicates the spatial distribution of species richnddap B (right) indicates the spatial distribution of disty index.
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3.1.2 Bottomup Approach

The biotopes magweregenerated for thbottomup approaclbasedon the outputs created by
the PRIMER functioncluster and SIMPROF factor creator. Two cluster groupings were created
during the cluster analysis resulting in cluster factors being identifiedThe first cluster
grouping washased on the environmentaariables (Figure 16) and the second was based on
the community assemblagdEigure 18). The PRIMER function BESTindicated a significant
correlation (BEST: Rho= 0.485; p = 0.01) between species community compositon and the
environmental variable (particularlygravel and sandy sediment, madxtd, Zosterameadow

and depth). There was no autocorrelation with the environmental déte. clustergrouped

factors vere used to generate biotope maps in ArcGIS.

The benthic community assemblage associated with environmental variables of depth and
substrate type was significantly different between the environmental clusters factated

(Env. Factor) (PermANOVA: Psedo-F 17,133= 7.889; p 00.001). The |
Clustersi ndi cated that the most O0priakeyiBayeamtd fi&ot o m
Niarbyl Bay (Figure 17). The biotope map of LaxeyBay displayed a greater range of habitat

types compared to the JNGilassification, with the environmental factors indicating that a
different habit at in inslomnaea (western derifré)(Figaec A A).r s

Niarbyl Bay, there werdewer differences between tharieies of habitas that wereclassified

when comparing thdifferent approachegtop-down and bottorup). As Env. bottom up

approach indicated that NiarbBay was predominantly classed fas. o , ANO, nPo, nQ
170) . Habit at ocduledin tleenndrberfi Qait oftheb a vy ; ALoatdepthsur r e d
greater thn 15m near the outer edge of tharine reserve (Figurel?). The PCA indicatel that

AKand waréppedominantlyassociated with the environmental variables of saBdgtera

meadow and maerl basedbstrate(Figure 15); thus the dfferences between these habitats

were associated with community composition. The PCA plot indicates thbatapr habiats

in Niarbyl Bayc | a s s ed predoninBnily puledr by pebble/cobble substrate and depth
(Figure 15). Habiamad inffi@e®dPCA plot were associated witithe environmental
substrates ofsand gravel sediment, and brittlestar beds (Figure 15). Habitat AiNO0 wa s
associatedvith substrates that compriseciminaria sppand Rhodophytapp (Figure: 15. The

SIMPER analysis for # cluster factor (Env. Factor) indicates which species contributed most

to the similarity within the community of each factor typEalfle 6). The commercially

important shelfish specid’3. maximusvas identified to be a similar species in the commusitie
sampled in the ABEPov . vwobéuaeditroughouthNiasbyBayn(figure: 17&
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Table 6). In Laxey Bay P.maximusoccupied areaslassed asi R0 A J o0 , whiohdall Al o
compised maerl and coarse sedimei@. paguruswas identified as a SIMPEBpecies fotthe
Env. Fact or redih gerysnhal patthesoacounidaxey andNiarbyl Bays (Figure:

17).

Env. Factor
Am
vl

®0

Bl

Figure16: PCA plot illustrateghe distributionof the Env. Factoaccording to th& environmental
variable.
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Table6: The species that contributed thhest to the similarity withinv. Factorcategoriedor Laxey
and NiarbylBaysmarine reserve Thesespecies were identified froRRIMER v.6 SIMPER results
(contributed >4%).

Env. Factor Similarity species Env. Factor Similarity species
Acronida branchiate
U , S Arenicola marina
fiBo | Hydroidspp. ALO | Cerianthus lloydi
Pecten maximus
~ = A S oag s Turf
hFo Tubeos i Mo Corallineencrusing
S~ s Arenicola marina SNy » Clavelina lepadiforns
i Go Zosteria marina A No Rhodophyta spp.
Sponge spp.
Turf
AHO Pagurus spp. ioo Pagurus
Spirarbis spirabis
Bryozoans
Spirarbis spirabis
Cerianthus lloydii Coralline crust
Al o Cancer pagurus APO | Turf
Phymatolithon calcareum Pectin maximus
Phymatolithon calcareum
. Rhodophyta (Red V)
530 El%rrr(])ailéoitgg.n calcareum i Qo Sacch_arina latissima
Turf spp Coralllne'encrusing
' Electra pilosa
Arenicola marina Phymatolithon calcareum
i Ko Tubeos i RO Rhodophyta spp.
Pagurus spp. Ophiura ophiura

The benthic community assemblagevithin Laxey and NiarbylBays marine reseng was
significantly different between thgenerated clustefactor (Spp.Factor) which was based on

the species compositio(PermANOVA: Pseudd- (27, 123 = 6.8189 p OThe Ppaiviise .
comparison indicated dlhspeciesfactors (Spp. Factor) were significantly differeréxcept for

those Spp. &ctors that had low replication of the same community compositioni (Mo , ATo,
ASo, i N) (Apeenda3). ATle biotope map of the Spp. Factors indicated theebenthos

in Laxey Bay waspredominantlyc | as s e d a sFiguielL 18). Whardas thealenthds in

Niarbyl Bay was predomi nant | Bay hadRaogreateh dversity eBpp. Ni ar b
Factor The SIMPER results displagl the species and environmentadrigble that contributed

to the most similarity between the samples for each fadw@bl€: 7). The cluster Spp. &ctor

indicates that Laxey Bay had unique community assemblagec | a s s e din tlesandyF o ,
substrate area at deptbf <6m at chart datum The cluster Spp. &torfor Laxey Bay that

comprised of maerl bedswasfKg and Al 0. The factor Zostérat con
(seagrass meadow) was <classed adfthegB&o, |l ocat e
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Niarbyl Bay had a variety of habitat isfributed throughout the bayn the north part Spp.
Factors fAXo, A A Apsomiemt drigufe P18). Inahe eentnn ofghie bay the most
prominent SppFact or s ar e ARO, fin ihé sowthntlee prdminént Spmdesr e a s |
are fAROQ, NANVQ, (Fjdwam d9.TTM& area classed kbdariMo h
benthos which comprisesimall A.brachiatalegs with the specie€erianthus lloydii(SIMPER:

Table 7). The area classeiil R0 ¢ o mmmavelseadisent avih a community dthodghta

and Spirobis spirobis(SIMPER: Table 7). The ared | assed as nUmalwithas r el a
rocky substratethat hal a community containing several juveille scallops P. maximusndA.

operculariswere observed).
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Figurel7: Theclusterchartforll the species ideified within Laxey and Niarbyl®ys. The clusterrepresentsthe groupingsbased on the bepitiies assemblage
with thecategories based on thignv. Factoravhichwasdetermined by the SIMPROF analysisiod environmental variables (substrate and depth. These Env.
Factors are indicatedt the bottom on the cluster chart.
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Figure 18: ArcGIS botope map oEnv. Factor intwo marine reserves in tH®M territorial waters MapA (left) indicates tie spatial distribution of Env.&ctor

within LaxeyBay marine reserveMap B (right) indicates the ggial distribution of the Env. &ctor within NiarbylBay marine reserve
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Group average
Transform: Square root
Resemblance: S17 Bray Curtis similarity
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Figure 19: The cluster chardf all the species iderfied within Laxey and Niarbyl&s. The cluster represents the groupings based on the benthic species assemblage
with the categories based on the Spp. Factors whaddeterminedy the SIMPROF analysis on the benthic spetieeSpp Facbors defined by the SIMPROF
analysis on thepecies assemblagee indicated at the bottom on the cluster chart.
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Figure20: ArcGIS botope map of th8pp. Factor categories within th@o marine reserves in th@M territorial waters. MapA (left) indicatesthe spatial drdtution
of Spp. Rctor within LaxeyBay marine reserveMap B (right) indicates the spial distribution of the Spp.d&ctor within NiarbylBay marine reserve
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Table7: Thespecies and emdinmental variables that contributed to the highest simildréyween th&pp.Factor category defined by the SIMPROF analigsis

both Laxey and NiarbyBaysmarine reserve The specieand environment were identifigd contributed >4%to similarity wihin the groups

Cluster Group Species Environmental variable Cluster Group Species Environmental variable
Group a Section within sandy habitat (L) Group m Cerianthus lloydii
Group b Section within Maerl (K) Acrocnida lvachiata | Brittlestar bedsA.brachiatg
Group ¢ Section within rocky habitat (AA) Arenicola marina
Group d Section between sandy brittlestar bed (M) and rocky (AA Group n Between two brittlestar beds (M)
Group e Section between sand (L) and mixed sediment (1) Group o Coraline encrusting | Stone benthos
Group f Tube's Shell Turf Brown Depth <20m
Zostera marina Shallow Depth Group p Clave_llna . Gravel sediment
lepadiformis
Group g Arenicola marina Thin Red | Low sandy sediment
Pagurus spp. Eelgrass bedZpsterg Group ¢ Sponge | Rocky benthos
Zostera marina Turf Brown Pebble/cobble
Group h Gravel sediment Bryozoan | Low shell
Pagurus spp. - -
Sandy sediment Thin Brown | Seaweed
Group i Phymatolithon calcareum Maerl beds Spirorbis spp.
Hydrobia Group r Spirorbis spp. Gravel sediment
Y Gravel sedirant P P _ bp
Turf Brown Encrusting brown Stones
Group k P , Red |
P aggrus spp. Maerl beds e_d Depth <20m
Ophiura ophiura Thin Brown
Hydrobia ) Group s Within rocky and brittlestar region
- Sandy sediment . . . — . . .
Phymatolithorcalcareum Group t Brittlestar  Ophiothrix fragilisandOphiocomina nigrg
Group | Tube's Depth <20 Group u Rocky habitat: juvenile scallop community
Lagis koreni P m Group v Spirorbis spp
Hydrobia Gastropoda | Rocky benthos
y . . Low Gravel sediment P Ky
Arenicola marina Bryozoan |
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Table8 Continue: The table illustrated trepeciesand environmental variableékat contributed the most to the similaritgtween th&pp. Factocategories within
both Laxey and NiarbyBays marine reserve. The specieand environment were identified bye PRIMER v.6 SIMPERSsults(contributed >4%).

Cluster Group Species Environmental variable
Encrusting brown
Gibbula cineraria

Red|
Group w Small gastropoda Stone benthos
Thin Brown |
Turf Brown
Unknown V
Spirorbis spp. Dead Maerl
Group X Coralline crust Stong/Cobble/Pebbleenthos
Thin Red Il Rocky benthos
Group y Between brittlestar bed (M) amgglavelsand (R)
Red IV Seaweed
RedV Dead Maerl
\Group z .
coralline crust _
. GravelSediment
Thin Red |
Saccharina latissima Rocky Benthos
Electra pilosa .
Laminariaspp.
Group aa RedV
coralli
. |ne. crust Seaweed
Spirorbis spp.
Phymatolithon calcareun
. - Stone
Ophiura ophiura
Group ab
Red| Dead Maerl
RedV Laminaria spp.
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3.2 BRUV
Seven BRUVOs were deployed within peestehdd mar i n

video footage that adhered to thee c o mme nd e d 6 0mi nutwere usedtdie t en
calculate the diversity indices withiPRIMER v.6. However, al BRUV footage collected
regardless of recording time were usedupeimpose the mobile species presence within each

marine reserve (Figure20). In Laxey Bay the most abundant mobie scavenger present was
Pagurus spp (hermit crd), and the most common hemit crab $ecies wasPagurus
bernhardus as Pagurus prideauxvas only recordedthree times Scyliorhinus caniculavas

observed in every BRUV deployed within LaxBgy. Buccinum undatumas observed within

the bay at a range of sizes. The greathkstrsity of mobie scavengers (1.68ccurred in the

sandy substrate near therthern perimeterof the bay (Figure: 21).

The mobie scavenger population within NairlB4y varied throughout the bay (Figure: 20).
The northernpart ofthe bay had a mobile commugi that comprisedScyliorhinus canicula
Cancer pagurugedible crab) anéagurus spp Whereas the southern part of the bay comprised
Ophiura spp (brittlestar) andoony fish with a fewPagurus spp being observed (Figure: 20).
The diversity within thebay was greater in sandy substraie.64) on the perimeter of the

southernregion (Figure: 22).

Overal LaxeyBay had the greaterabundantof Pagurus spppopulation compared to Niarbyl
Bay. Niarbyl bay had thgreater abundance of bony fish @ghiua spp. The greatest mobile
scavenger diversity occurred in the sandy substrate in both marine se3éme/eother habitat
that had relatively high diversity and species richnessemiaerl (1.62)Zosterameadow (1.28)
and shallow rocky habitat(1.47) (Figue: 21 & 22)
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Figure21: Theabundance o€ommortaxonomyclassegecorded with the two marine reservelse T
abundance (MaxNbserved in a single point in tilneelates tathe size of the circleMapsAto E are
in Laxey Bay and apsF to J are in Niarbyl BayThe thick black lines indicate the border of tased
areasand thethin black lineSmdepth contourgstart 5m for Laxey Bay and 10m for Niarbyl Bajje
taxonomy classes are: & F ) Scyliorhinus canicul#dCommon catsha), B & G) Ophiura spp.
(brittlestar); C & H) Pagurus spp(hermit crab)D & 1) Cancer pagurug¢Edible crab) E & J) Bony

fish (pelagic and demersal fish spedies
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Figure 22: Diversity indices from the BRUV video footage wamsimposed onto thercGISINCCbiotope nap forLaxey Baymarine reserven thelOM territorial
waters.Map A (left) indicates the spatial distribution of species richndtsp B (right) indicates the spatial distribution of diversity index
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Figure23: Diversity indices fromthe BRUV video footage was superimposed oda@tBESINCChiotope map foNiarbyl Baymarinereserve irthelOM territorial
waters.Map A (left) indicates the spatial distribution of species richnkkg B (right) indicates the spatial distribution of diversity index.
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3.3 Commercialy Important Shelifish Species

Al the commercially important shelfish were observed within at least afribe marine
reserves, howevethe most abundant species observed wasstfallop, P. maximusand the
edible crabC. pagurusThe distribution and size pattern Bf maximusvasdescribed below
however due to the cryptic nature of these species the abundance estimates may be much lower

than the existing population within thmeserves.

3.3.1 Scallop Dstribution

In Laxey Bay, the observed population Bf maximugpopulation was relatively small with

only 22 individua$ being recordedThis population congregatedin the centre of the bay at
depthsof approximately 15m within substte comprising ofmaerl and gravel. The biotope
maps indicated that scallops were present in the habitat classed as SS.SMp.Mrl (JNCC
classffication) (Figure: 23dand AKO (cl u@igueer23bSpp. factor)

In Niarbyl Bay, the observedpopulation ofP. maximushad larger and wider dispersion
throughout the baywith 123individuals being recorde(Figure 24). The populationseemed

to aggregateat depth>10m andin habitas with a coarser substrat&kecessingP. maximus

occurred in gravel, pebble, cobldnd maerl substrates, whereas juvenile scallops were present

in rocky habitats.The Narbyl Bay population were present in th@bitat classifiedby the

JNCC MHCBI as SS.SCS.CCS, CR.MCR, SS.SSa.li88.SMp.Mrl, and CR.MCR.EcCr

(Figure 249. These sampopulatios wer e cl assi fi edndiiXndo AuRad,er i Moh
bottomup approach (Spp. Factor) (Figur24b).

During the surveylljuveniles P. maximusvere observed in theouthern shallower areas of
Niarbyl Bay (Figure 26). This area comprised of rog habitat classed in JNCC MHCBI
(CR.MCR, CR.MCR.EcCr and SS.SMp.KSwSS (ro¢kizaminaria spp and Rhodophyta))
(Figure 26). The juveniles were found in an area with the highest biodiversity that has a
community assemblage comprising of Ophiothrix fragilis, Ophiocomina nigra diverse
Rhodophyta, bryozoans, gastropofgirorbis spirabis, andPorifera. It was also noted from

visual observations that juveniles occurred near coraline encrusting (Blgaes 25).
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Figure 24: Pecten maximugking scallopyabundance from each 10 minute tomassuperimposed onto éircGISBiotope map foLaxeyBaymarine reservén the
IOM territorial waters MapA (left) indicates the spatial distribution Bécten maximusuperimposed on the O biotope mapMapB (right) indicates the spatal
distribution of Pecten maximusuperimposed on th&pp. Factobiotope map The scallop image ®cCartney, 2016
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Figure 25: Pecten maximu@ing scallop)abundance from each 10mate tows was superimposed onto AreGIS botope map for NiarbyBay marine reserve in
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the Isle of Man territorial waterdMap A (left) indicates the spatial distribution Becten maximusuperimposed on tRINCC biotope mapgMap B(right) indicates

the spatial distribution oPecten maximusuperimposed on the Spp. Factor biotope map. The scallop imMECartney, 2016
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Figure 26: Photograph of a juvenile scallopBécten maximysaken from the dic
sledge footage recorded during the benthic survey in Niarbyl Bay marine r

IOM.
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Figure 27: JuvenilePecten maximug<60mm) recordedwere superimpos
onto the JNCC Biotope map displaying the distribution of juvenileddalipp:
(observedin each 30 second interval of the benthic survey), as well as i
juvenileas®ciated habitat within Niarbyl 8y marine reservdOM.
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3.3.2 Scallop Density

The scallop density and sifequency were compared to historical dathat wascollected
within each grid usg a dredge fishing techniqugomprised king and queen dredge harke
king dredge selected for largermaximugMLS 110mn) whereas the queens dredge selected
for P.maximusinder MLS. However, it is suspected that sieecivity stil occurs with the
dredging methodology, asit was noted that themaller scallops were not colected the
historical collection.Whereasthe video sledge techniqueecorded a range of sized individuals,
with more observedof smaller sizd scallops(Figure 29 & 32). Overall Laxey Bay scallop
density wasconsiderably smallecompared tdNiarbyl Bay (Figure: 28 & 3).

3.3.2.1 Laxey Bay

In Laxey Bay, the greaterdensity estimates occed in grid block B3 (0065912), with all the
other blocks having no recording (zero scalodcept block A3Figure 30a). In 2014, the
results was similar to this finding except scallops were also recorded in blocknB&e results
suggest that scallops congregated in single area and did not spread throughout ftheebay.
historical P. maxinusdensity for 2014 was naignificantly different (c2 =0.368 p=0544) to

the densityestimated in 2016 (Figure28). Overall there was a greater density estimaiedsin
2016(0.02172) but the error bars are three tiniarger than that calculated in @14 (Figure 28)

Thus, population density remained constantaround 0.022 over the years

In Laxey Bay, P. maximusvas not recorded at sizes greater thdd0mm £4mm in 2016,
whereas in 2014 seven individualere recorded at size d#0-160mm (Figure 29). In 2016, a
greater number afmaller juvenile scallops60mm were observeadvith the greatesiroportion
occuring in the 60-80mm sizeclass (Figure: 2%). Whereasn 2014 the greatest number of
scallops within thel20-140mm size class (Figure: &9

In 2009 Laxey Bay was reseeded with 100,000 tyear oldking scallops,measuring 51.2mm.
Based on the growth rate estimateOd#394(calculated from the mean size for each age grpup
the seeded population asw estimatedto measured98.76nm (2014) and106.70nm (2016).
However, based onMason (1957) measuremesnt the seeded populatonmeasured
approximately 18mm (2014) and 118mr(2016) Therefore the expected reseeding population
measures 107mm to 118mm (indicated in ireéfigure: 28a &28. This suggestghat oy 2

out of 150individuals recorded in 2014 were from theseeding populatior{(Figure: 28a)
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Whereas,in 2016 it is siggested that onhl out of 16 individuad recorded were from the
reseeding populatioriFigure 28b)

3.3.2.2 Niarbyl Bay

In Niarbyl Bay, the greatestdensity estimate occurred in grid block B5 (0.1213110.0556
nt2) (Figure 30b). Block B6 contained juvenile (measuring27mm to 69mm) and had the
second largest density estimate (0.1022 #n0.0524n¥) (Figure:30b The overall density
estimate was 0.05tn(Figure 30b). Overall the historical densitgstimatesrecorded in 2011
and 2a2 were significantly di#frent (c2 = 8.673; p=0.013) from the 2016 density estimates
The highestoverall density occurred in 201@.188m? +0.040n¥), and the lowest density
occurredin 2011(0.025n¥ +0.004¥) (Figure 31).

The P. maximussize ranged fron27mm to 186mm(x4mm (Figure 32). In 2012, 74% of
scallops were recorded in tH20mm- 140mmsize clasgFigure 32b). In 2011, the highest
frequency (46%) occurred in size class 100inh20mm (Figure: 324). In 2016, the highest
frequency (33.7%) occurred within120mm- 140mm, however the sizieequenciesrange had
increased compared to temporal dégure: 32). 2016 surveyhad a greater proportion of
juveniles recorded in the smaller sied&asses(20mm to 80mm) empared to previous years
(Figure:32).

In 2009, NiarbylBay was first reseedd with 5000 scallops measuringa meanof 107mm (3
years).Based on the growth ratstimate of 0.05&alculated from the nean size for each age
group, obtained from 201 and 202 data), the seeded populaton was predicted to measure
114mm in 2011; 124mm in 2012 and 151mm in 204&econd prediction of the reseeded
populaton measurement was undertaken uditgson (1957)growth rde estimate which
predictedthat the reseeded population would potentially mea%@&mm in 2011; 134mm in

2012 and 162mm in 2016. Therefore the predicted reseeding population was indicated in red
(Figure 32). This resultindicates that the seeding population decredseith time (Figure: 32).
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Figure 28: P.maximu$m?) densityrecordedvithin LaxeyBaymarine reserve, IOMfor2016 and 2014

The densieswere recorded duringdredging survey 2014and during abenthic video sledge survey
in 2016
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Figure 29: The sizerequency oP.maximusecorded within Laxeay marine reservEOM. GraphA
(left) are the sizdrequency recorded in 201tbtal 150 individualsfluring a dredjing surveyGraph
B (right) are the sizérequency recorded in 20 ttal 16 individualsyuring a benthic video sledge

survey. The red marker indites the predicted size of tkeeded populatiomansferred to the marine
reserve in 2009.
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Figure 30: The density of.maximugm?) recorded within each historical grid layoaver two marine reseeg IOM. Map A (left) indicates thE.maximuslensity
within LaxeyBaymarine reservgrid for the 2016 benthic survaylapB (right) indicateghe P.maximuslensitywithin NiarbylBay narine reserveyrid for the 2016

benthic surveyThe scallop image ®lcCartney, 2016.
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Figure 31: The density oP.maximugni?) recordedwithin Niarbyl Bay marine reservdOM. The densitiesere recorded in 201 and 2012vereduring a dredging
survey and 201@vasduring a benthic video sledge survey.
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Figure 32: The sizefrequency oP.maximusecorded withirNiarbyl Bay marine reservdOM. Graph A (left) are the sizérequency recorded in 2A4(dredging
survey. GraphB (centre) sizérequency recorded in 2@1dredging survey GraphC (right) are the sizdrequency recorded in 201B6enthic video sledge suney

The red marker indicates theegxicted size of the reseeded population transfetoeitie marine reserve in 2009.

~ : 64|Page

UNIVERSITY IsleofMan
Goverment




3.3.3 Predators oP.maximus

This section covers the distribution and density of predatmas consume king scallops
(P.maximupwithin the marine reserves. In Laxdé3ay the préators observedwere Cancer
pagurus, Liocarcinus spp. Pagurus spp., Scliorhinus canienth Asterias rubengFigure:
33a), with Pagurus sppbeing the most abundarithe highest density of predators occurred in
grid block B2 and B3 which wre inthe deepst part of the bagFigure 34a). Block B3 had the
greatest density of scallopsnd predatorsThe density comparison indicated that overall the

areahad higher predation pressure compared to scallop ptmulation (Figure 34b).

Niarbyl Bay marine resrve supports aariety of starfish, crabs, lobsterspctopus and
elasmobranchs predatdisoughout the bay (Figure33b). Pagurus sppwas most abundanh

the southerrsection (Grid: A7, A6, B6) (Figure33b). There was high abundance dfancer
pagurws and Marthasterias glaciallis(spiny starfish) (Figure 33b). The densities predator
region occurred in grid A7 in the southern part of Miarbyl Bay and the lowest predator
density occurred in the northern part of the bay (G8@8; B3) (Figure 35a). In the northern
region (Grid: B2, B3)there was higher predation pressure compared to scallop stocks (Figure
35b). The middle region had a higher density of scallops compared to predators (indicated in
green; Figure 3%0). Grid B6 had a population géivenile scallopand had a lower density of
predators compared to scalop denstig®tentially an indication of low predation pressure
(Figure 390).

One ofP.maximugs Cancer pagurusvhich is commercialy harvested within bothmarine
reservegApperdix:4). This species was recorded in both BRUV and sledge footage displaying
behavioural traits of slow defensive approaches to bait on the BRUV footage and burrowing

behaviour in the sledge video footage (personal observations)
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Figure 33: The distribution oPecten maximugredatorswithin thetwo marine reserveecordedduring the 10 minute video sledgevs and BRUV footag®lap A
(left) indicates the spatial distribution of predators within LaRay. Map B (right) indicatethe spatial distribution of predators within Niarl&y. The underlined

species name are the predators observed in the @heashapes illustrate the different species classasgies- Asteroidegstarfish); hexagon Elasmobranctand
bonyfish; circles (crabs) andpentagor(lobsten- Malacostraca and square- octopus.
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Figure 34: The density dPectermaximuspredators (1?) recorded within each histical grid layout ovelLaxeyBaymarine reservéOM. Map A (left) indicads the

predator density within gridlock Map B (right) indicatesvhether the density of predators vegaeater, equal or less thadhmaximusiensitywithin eachgrid block
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