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Abstract
Thereremainslimitedknowledgeofhowoffshorewindfarmdevelopmentsinfluencefishassemblages,particularly

at a localscalearoundthe turbinestructures. Consideringthe existinglevelsof anthropogenicpressureson

coastalfishpopulationsit is becomingincreasinglyimportantfordevelopersandenvironmentalregulatorstogain

a morecomprehensiveunderstandingof thefactorsinfluencingfishassemblages. Improvingourabilitytoassess

suchfishpopulationsincloseproximitytostructureswillassistin increasingthisknowledge. In thepresentstudy

we providethe first trial use of BaitedRemoteUnderwaterStereo-Videosystems(stereoBRUVs)for the

quantificationofmotilefaunaincloseproximitytooffshorewindturbines. ThestudywasconductedintheIrishSea

andfindsthetechniqueto bea viablemeansof assessingthemotilefaunaof suchenvironments. Thepresent

studyfounda mixtureof speciesincludingbottomdwellers,motilecrustaceansandlargepredatoryfish. The

majorityof taxaobservedwerefoundto be immatureindividualswithfewadultindividualsrecorded. Themost

abundantspeciesweretheangularcrab(Goneplaxrhomboides) andthesmall-spottedcatshark(Scyliorhinus

canicula). Ofnoteinthisstudywasthegenerallylowabundanceanddiversityoftaxarecordedacrossallsamples,

we hypothesisethat this reflectsthe generallypoorstateof the local faunaof the Irish Sea. The faunal

assemblagessampledin closeproximityto turbineswereobservedto alterwithincreasingdistancefromthe

structure,speciesmorecharacteristicof hardbottomenvironmentswerein abundanceat the turbines(e.g.

Homarusgammarus, Cancerpagarus, Scyliorhinusspp.) and thosefurtherawaymorecharacteristicof soft

bottoms(e.g. NorwegianLobster). Thisstudyhighlightsthe needfor the environmentalimpactsof offshore

renewablesonmotilefaunato beassessedusingtargetedandappropriatetools. StereoBRUVsprovideoneof

thosetools,but likethemajorityof methodsforsamplingmarinebiota,theyhavelimitations. Weconcludeour

paperbyprovidinga discussionof thebenefitsandlimitationsofusingthisBRUVtechniqueforassessingfauna

withinareasclosetooff-shorewindfarms.
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Case Study: WalneyOffshore Windfarm

MaterialsandMethods
Motilefaunawassamplednearandfar fromturbinesat theWalneyOffshoreWindfarms(WOWF)withpermissionfromDONGEnergy,theownerof theoffshorewindfarm

development. Eachwindturbineis supportedby a steelmonopilefoundationof up to 6.5 m diameterat theseabedandthesurroundingseabedis coveredby a ringof

approximately20mofrockarmourtoprotectagainstsedimentscour. Speciesrelativeabundance,diversityandagestructureofmotilefaunawassampledwithinbenthichabitats

at locationsof varyingdistance(100m apartïnearandfarto theturbines)fromeightturbineinstallations(atleast2 kmapartfromeachother)withintheWOWFsite(sixteen

samples). Samplingwasalsoconductedattwoadditionalreferencesites(afurther4kmfromtheturbines)resultingina furtherfoursamples.

SamplingusedtwostereoBaitedRemoteUnderwaterVideosystems(stereoBRUVs)deployedduringfulldaylighthours. TheSwanseaUniversitystereoBRUVsystemusedwas

amodifiedversionoftheSeaGISequipmentwhichisbasedonsystemsusedinAustralianresearch. ThesystemconsistedoftwocalibratedCanonhighdefinitionvideocameras

withinPVCunderwaterhousings,mountedat a fixedpositionona galvanisedsteelframewitha 90cmbaitpole. All footagewasanalysedat SwanseaUniversityusingthe

specialisedSeaGISsoftwareEvent- Measure(Version3.51) (www.seagis.com.au). Thissoftwarewaspre-calibratedusingtheSeaGISsoftwarepackageCalandcameras

synchronisedallowingforaccuratelengthmeasurementsofobservedfishandmotilefauna. Thefootagewasanalysedusingthelefthandcameraforidentificationofbothnew

speciesandspeciesrelativeabundance(Nmax). Therighthandcamerawasusedin tandemwiththelefthandcamerato producelengthmeasurementswherethemaximum
speciesNmaxwasobserved.

Results
Atotalof118individuals(basedonNmax) from14separatetaxawereidentifiedinthe20hoursofBRUVfootage

collectedduringthisstudy. Ofthe14taxarecorded,themajoritywerefishwhilst5weremobilecrustaceans. This

includedthe commerciallyimportantEuropeanlobster(Homarusgammarus), Norwaylobster(Nephrops

norvegicus) andediblecrab(Cancerpagurus). Someindividualscouldnotbeidentifiedtospecieslevelsowere

recordedatfamilylevelonly(e.g. Paguridae, Triglidae). Totalrelativeabundance(Nmax) persamplerangedfrom

3 to 9 individuals(fishandmotileinvertebrates)andthenumberof taxarangedfrom3 to 7 in an individual

sample. Theaveragerelativeabundanceper sample(Nmax) acrossall siteswas5.9 ± 0.4 SD. Themost

abundanttaxaobservedacrossallsamplesweretheangularcrab(Goneplaxrhomboides) (1.3 ± 0.3), thesmall-

spottedcatshark(Scyliorhinuscanicula) (1± 0.2) andthewhiting(Merlangiusmerlangus) (0.9± 0.2).

Discussion
Muchdiscussionhasfocussedonthepotentialuseofoffshorewindfarmsforenhancingbiodiversityandtheareasaroundthemforprovidingdefactomarinereserves,butthere

isadearthofdatainvestigatingsucheffects,particularlywithinthepeerreviewedliteratureandlimitedexaminationofthemethodssuitabletocollectsuchdata. Wheredatadoes

existit is largelycollectedatadistancefromtheturbinesusingextractivemethodssuchasbeamtrawling.

Thepresentstudyfounddatatosupportthenotionthatcommunitycompositionofmotilefaunachangedwithdistancefromtheturbines. Speciesmorecommonlyassociatedwith

hardbottomenvironmentssuchasH. gammarus, C. pagarusandtwospeciesofcatshark(Scyliorhinusspp.) wereinhigherrelativeabundanceincloseproximitytotheturbines,

whilstspeciescommonlyassociatedto softbottomenvironments(e.g. Norwegianlobsterandtheangularcrab)weremoreabundantoutsidethewindfarm. Thesefindingscan

howeveronlybeconsideredto beof a preliminarynatureandneedto beconsideredwithcautiondueto thelimitationsof thepresentdataset. Althoughtheseweresimilar

speciesassemblagestootherstudiespublishedintheacademicliterature,theassemblagesrecordedinthepresentstudywerelessdiverse. Whetherthisisa localeffectorthe

biasassociatedwiththemethodologyremainstobeseenbuthighlightsthevalueinutilisingmultiplemethodsinordertobeabletoeliminatesuchpossibleexplanations. Ofnote

in thisstudywasthegenerallylowabundanceanddiversitymeasuredacrossall samples. Thelowabundancesof individualspotentiallylimitedthestatisticalpowerto most

clearlydeterminetheeffectoftheturbinesandunderlinestheneedforhighnumbersofreplicatesinordertoassesstheseenvironmentseffectivelywithaBRUVsystem.

In conclusion, we find that stereo BRUV systems are a viable tool for assessing fish and other motile fauna in the vicinity of offshore windfarms and provide a means to elucidate 

differences in community composition related to the presence of the turbine structures and associated rock armour.

Applications

ÅAssessing fish assemblages at offshore windfarms

Å Investigating impact of electromagnetic fields (EMF) from subsea power 

cables on fish assemblages

ÅComparison of gill net catch vs BRUV data

ÅMonitoring fish assemblages around habitats sensitive to trawling (e.g. 

Sabellariaspinulosareef, Zosteraspp. beds)

ÅMonitoring species by species scavenger rates in response to bait

ÅWreck fish community assessments

BRUVsystemsbeingcalibratedin thepoolusingfixedpointtargetsandspecialistSeaGISsoftwareóEventMeasureandsomeexampleimageryfromanalysisbeingundertakenin UK

waterstomonitorfishcommunitiesaroundwrecksites.

Left: Locationof theWalneyOffshoreWindfarm(WOWF)developmentandthetenBRUVdeploymentlocations. Topright: BRUVsystemreadyfordeploymentwithinthewindfarm

array. Bottomright: BRUVsystemretrievedtodeckreadyfordatadownloadfollowingcloseproximitydeployment.

Faunalabundancedidnotvarysignificantlywithincreasingdistancefromtheturbine. Theaveragenumber

of taxawasslightlygreaterinsamplestakenadjacentand100mfromtheturbineinstallationsthanat the

sites4 km away,but thesedifferenceswereagainnot significant. At the assemblagelevel,some

significantdifferenceswerefound. Pairwiseanalysisshowsthesedifferencesin theassemblageto exist

betweenalldistancepairs. Thedifferencesweremostpronouncedbetweenthesamplesadjacentto the

turbinesandthose4 kmfromthewindfarmsitedemonstratedby thedistinctseparationof thesepoints.

Thedissimilarityin theassemblagesbetweentheturbinesandthose4 kmfromthewindfarmsiteare

drivenby Goneplaxisrhomboids, Scyliorhinuscanicula, HomarusgammarusandNephropsnorvegicus.

Althoughaveragenumberof taxarecordedpersampledidnotchangesignificantlywithdistance,total

numberof taxadidchange. Fourteendifferenttaxawereobservedadjacentto theturbines,10taxaat

100m fromtheturbinesandonly6 taxawererecorded4 kmaway. Thelownumberat 4 kmaway

shouldbetreatedwithcautionrelativetotheotherdistancesasthesamplingintensitywaslowerat that

distance. Of the14 taxarecordedit waspossibleto determinelengthmeasurementsof 11 taxa. The

inabilityto determinelengthsof threeof the taxawasdueto eitherindividualsnot beingobserved

concurrentlyon bothstereocameras(gurnardandgoldsinnywrasse(Ctenolabrusrupestris) or the

individualnotshowingfeaturessufficientformeasurementpurposes(hermitcrabs,(Paguridae)). Most

fishlengthrangeswererelativelylowincomparisonto theirknownmaximumlengthswithall individuals

beingbelowthe size at maturationestimatesfor eachspecies. The exceptionto this were the

Scyliorhinidaewithmostindividualsbeingsexuallymatureadults.

Shade plot of 14 taxa from 20 sites sampled with BRUV systems at three different 

distances (adjacent, 100m and 4km) from turbines at the WOWF development with 

linear grey-scale intensity proportional to untransformed Nmaxvalues.

Non-metric multidimensional scaling ordination of community Nmaxdata recorded 

using stereo BRUV systems at three different distances (adjacent, 100m and 4km) 

from turbines sampled at the WOWF development.
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