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ABSTRACT

ThisstudywasdesignedtoselectpotentialareasforthecultivationofseaweedsontheGhanaian
coastline.Thechallengeofselectingsuitablesitesforthecultivationofseaweedalongthecoastwas
investigated,usingspatialmulti-criteriaapproachinGIS.Environmentalandphysicalparameters
basedonspatialmulti-criteriadecisionforthebestsitessuitableforseaweedcultivationwereused.
TheparametersusedincludedSea-depth(1-10)m,(11-20)m,(21-30)mand(31-40)m,sea-surface
temperature(24-26)degreeCelsius,proximitytosettlements(0-8)kilometersandshelteredcoves
(areasshelteredfromstrongwindandwaves)asvariablesforthevariousmodels.Thestudyidentified
twelvesuitablesitesalongthecoastofGhanaforseaweedcultivation.Fiveoftheselectedsiteswere
ground-truthedformodelvalidation.AllfivevalidationsiteshaveagreedtotheGISmodelsindicating
thatGISis themostappropriate tool touseforselectingmostsuitableenvironmentforseaweed
cultivationespeciallywhendealingwithacomplexcoastalenvironmentlikeGhana’scoastline.
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INTRodUCTIoN

Seaweedsprovidefoodproductsforhumanconsumptionandcanbeusedasfertilizers,animalfeeds,
andserveas inputs topharmaceuticals (FisheriesandAquacultures,2013).Seaweedshavebeen
acknowledgedas the feedstockof the futureandalgae isattracting increased investment interest
frombiofuels,petroleumandagribusinessindustries.However,seaweedshavebecomeamenaceto
fishersalongGhana’scoastline.Inanefforttomanagetheseaweedmenacealongthecoastandat
thesametimederiveeconomicbenefitsfromseaweeds,theSeaweedBio-refineryProjectofGhana
(SeaBioGha),aBiorefineryProjectbeing implementedby theTechnicalUniversityofDenmark
(DTU),KwameNkrumahUniversityofScienceandTechnology(KNUST),andtheWaterResearch
Institute(WRIG)ofCentreforScientificandIndustrialResearch(CSIR)Ghanaintendtoengagein
massiveseaweedcultivationinthecoastalmarinewaters.
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Inordertotransformwhatisnowconsideredamenacetoasustainableandprofitablealternative
livelihoodactivitythroughthecollection,sortingandsaleoffreelyarrivingseaweedsonthecoast,
theSeaBioGhaProjectseekstoestablishcultivationofseaweedsalongGhana’s540kmcoastline
andestablishrelevanttechnologyforthecultivationandprocessingofseaweedproductsinGhana,
andutilizetheresiduesforbio-energyproduction.

Inconsideringthesocialandeconomicprospectsfromseaweedcultivation,selectingtheright
environmentallocationforstablegrowthisparamount.Forexample,InBrazil,deSousaetal.(2012)
usedGeographicInformationSystem(GIS)toselectappropriatelocationsforSeaweed(Gracilaria 
birdiae)cultivation.Inanotherstudy,Sulmaet al.(2008)alsousedremotesensingdatatoidentify
ecologicallysuitablesitesforthecultivationofseaweeds.Theseselectedsiteswereprimarilybased
onwaterbiophysicalparameters,which includeseasurface temperature, total suspendedmatter,
bathymetry,shelteredcoastandcurrentmovement.AccordingtoKronen(2010),incorrectseasurface
temperaturescouldresultinseaweedlossduetofilamentousepiphytepolysophoniaandice-icedisease.

Seaweeds(macroalgae)havebeeninundatingtheshoresofGhanafordecadesnowandamong
themaregreen,brownandredalgaewhichincludesUlva fasciata, Sargassum vulgareandHypnea 
musciformes(NunooandAmeka,2005;Gbedemah,2014).HypneaoriginatesfromTriesteinItaly,
andisnowspreadingthroughouttheworldincludingAfrica(IUCN/SSC/ISSG,2004,Holstet.al,
1994).Thepracticeofaquacultureandmovementsofboatsandvesselsinfluencethedistributionof
theHypneaseaweed(IUCN/SSC/ISSG,2004).Ontheotherhand,theinvasionofSargassumseaweed
alongthecoastofGhanaisbelievedtohaveoriginatedfromtheSargassoSea.Itsspreadisfacilitated
bycurrentflowalongtheWestAfricancoastlinefromSenegal,CoteD’IvoireallthewaytoGhana.
ThepresenceofS. vulgarewasdetectedinGhanain2009.Thisseaweedlaterincreasedinquantity
in2012-2014especially,inthewesternpartofthecountrywithseriousimplicationsforcontinued
coastalactivities.InadditiontoHypneaandSargassum,GhanaianfishermenintheWesternregion
haveobservedthattheprevailingGuineacurrenthasmovedU. fasciatatowithin2kmoffshoreof
NewTown(Grangeret.al2012).

InGhana,theincreasinginfluxofseaweeds(Ulva,SargassumandHypnea)spp.onthebeaches
hasbecomeamajorconcernandworrytomanypeoplelivingnearthecoast.Thisphenomenon,
whichclogsfishermen’snets,hasaffectedthelivelihoodsoflocalinhabitants,largelyfisher-folks,
whoselivesdependmainlyonfishingactivities.AccordingtotheGhanaEnvironmentalProtection
Agency(2014),beachseinefishermenintheWesternregionalmostabandonedtheiractivitieswhen
seaweeddensitiesbecametoohigh.Similarly,hotelandtourismbusinesseswerebadlyaffectedwhen
seaweedstookoverCapeCoastbeachesin2014andpreventedrevelersfrombeachactivitieslike
swimmingintheseaduringEasterfestivities(TutuahMensah,2014).

Otherphysicalfactorslikewaterdepthandshelteredcovescouldalsodeterminewhichtypeof
seaweedfarmingmaybeapplicablealongthecoast.Seaweedisanautotrophicplantandthriveswell
inshallowwaterswithintherangebetween1-10metersseadepth,temperaturerangebetween19-
30ºCelsius,freefrompollution,fairweather,andprotectedfromstrongwavesandcurrent(Cohen,
2011;Sarker,1992;Dingetal.,2013).

Onemethodofselectingtherightenvironmentforseaweedcultivationisbychoosingtherequired
environmentalvariablesandrankingthemaccordingtotheirimportance.Thiscanbedonebyusing
spatialmulti-criteriaanalysis(SMCA).SMCAisoneoftheapproachesinaGeographicInformation
Systems(GIS)thatisusedtoachievetheselectionofbestsitesforaquaculture.Itexaminesandweighs
multipleconsiderationsoverastudyarea(Malczewski,1999).SMCAcanusesimplehierarchical
modelslikeanalyticalhierarchicalprocess(AHP)toevaluatethecriteriaforselectionofsub-models
toprioritizethebestareasforaquacultureactivities(Malczewski,1999;Chackher2008).Forexample,
Gimpel(2005)usedanOrderedWeightedAveraging(OWA)modeltogeo-locatesuitablesitesfor
windmillandaquaculture,while(Silvaetal.,2011;Malczewski,1999;Kerrison,2015;Holst,2015;
Nathetal.,2000;KapetskyandManjarrez,2007Perezetal.,2003)usedanalyticalhierarchical
process(AHP)toidentifysuitableareasforaquacultureestablishment.
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