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ABSTRACT  

CartographyofseagrassbedsisverylmPOrtantformanagementandconservationof  
soundlittoral ecosystems and sustainable fisheriesin the coastal waters・The  
cartOgraphicalmethodstomapspatialdistributionofseagrassbedsarereviewed・They  
areclassifiedintotwocategories・Oneisadirectmethodbyvis11alobservationandthe  
otherisanindirectmethodusingaremote senslngaPParatuS・Indirectmethodsare  
dividedintoopticalorhydro－aCOuSticmethods・IndirectmethodsrequlreSeatruthby  
directmethods・Opticalmethodsareimageanalysisofaerialphotographyorsatellite  
imagery・Tbeyareeffectiveformappingbroadareasbutlimitedtoshallowwatersdue  
tolightattenuationinwaters・Hydro－aCOuSticmethodssuchasechosounderandside  
scanJsonar have nolimitation of tutbidity．The echosounderis practicalto map  
verticallydensityandheightdistributionsofseagrassbeds・ThesidescanSOnarand  
multi－beamsonarareappropriateformappingbroadhorizontaldistribudons・Co11pling  
ofseveralindirectmapplngmethodsismoreusefu1thanuSingonlyonemethod・  
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INTRODUCTION 

SeagrassbedsplayanimportantrOleformarinecoastalecosystems・Theysupportflora  
andfaunaincludingepiphyticorganisms，andcoasta柑sheriesproductivity（Orth，1984；  
Coles etalり1993）．Seagrass beds contribute to marine environment，for example，  
stdbilizingbottomsediments，andmaintai血gcoastalwaterqualityandclarity（Wardet  
al．，1984；deGrissacandBodouresque，1985；KomatsuandNakaoka，2000；Komats11  
andYamano，2000）．Seaweedforestsalsohavethefollowinginfluences onma血e  
environment：Buffering’efEbctonwaterflow（KomatsuandMurakami，1994；Mork，  
1996），PHdistrib11tions（KomatsuandKawai，1986），dissoIvedoxygendistdbutions  
（Komatsu，1989；Kol甲tSuetal・，1990），WatertemPeraturedistdbutionandchange  
（Komatsuetal．，1982；Komatsu，1985；Komatsuetal・，1994）・加ispossiblethatseagrass  
bedsserves11Chinfluencesasseaweedbedsonmarineenvironments．Many皿pOrtant  
speciesspawninthebeds，forexample，SeaurChins，balaos，Cuttle丘sh，etC・Theirlarvae  
andjuvenilesusethebedsasanurseryground（ArasakiandArasaki，1978）・Dugongs  
feedonseagrassspecies・hthisway，theseagrassserveaSanimportanthabitatfor  
marineanimalsandsupportbiodiversity．  

An increase in seafl00r reCla皿adon and sewage 丘・Omindustdes and  
agricultures has decreasedlargeareaS Ofseagrassbedsinthecoastalzone during  
economic developmentinJapan田OShino，1972）and U・S・A・（Shortand Willie－  
Echeverria，1996）．Sincetheseagrassbedsaresensitivetopolludonsandwaterquality  
deterioration，theyserveasa”bio－indicatorn・ChangeOfseagrassdepthdistribution．in  
ChesapeakeBay（Demisonetal・，1993）wasthe“bio－indicator”whenrunOff－impacts  
onwaterqualitycausedchangeSinlightpenetrationandconsequentlyaffectedseagrass  
abundanCeanddistributionpattems．Usingthelowerbottomdepth1imitofPosidbnia  
oceanica（L．）Delileasthe“bio－indicator”，amOnitoringprogramhasalsobeencarried  
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outat24－33surveySitesalongtheProvenceandFrenchRivieracoastssince1984  
（Boudouresqueetal．，2000）．Cartographyofseagrassbedsisapracticalmethodto  
knowaconditionofcoastalenvironment．  

Preservation，reStOradonandcreationofseagrassbedsare，thus，neCeSSarytC  
recover coastal environment，biodiversity and bio－reSOurCeS for sustainable  
developmentoffisheries・Forthispurpose・itisurgentlyrequiredtoestablishprecise  
andreliabletechniquestomapandmonitorseagrassbedsinquantitativeandefncient  
WayS（LeeLongetal．，1996）・  

CLASSIFICATIONOFMAPPINGMETHODS  

Mapplngmethodsofseagrassbedsareclassi鮎dintotwocategories・Oneisadirect  
observationormeasurementbyresearchers・Theotherisanindirectmethodusinga  
remotesensingapparatus・Directmethodsaregroundsurveys（walking，divingorgrabs）・  
hFranCe，ObservationfromasubmarinewasusedtomaplowerbottomdepthlimitofP・  
oceanicabedsalongtheFrenchRivieraCoast（MeineszandLau∫ent，1978）becauseP・  
oceanicabedsextendtobottomdepthsof30－40m・Directmethodsarenote疏cient  
becausetheyneedtimeandpersonstoperform負eldsurveys・  

hdirect methods are classifiedinto two groups by apparatuSeS for remote  
sensmg：anOPticalremotesenslngandacousticremotesenslng・Inapplyingthesetwo  
methodsformapplngSeagraSSandseaweedbeds，indirectmethodsessemial1yneed  
許0Ⅶldml血（Leebngetal・，1996）・  

OPTICALREMOTESENSINGMETHODS  

Tomapspadaldistributionsofseagrassbeds，aerialphotographyandsatelliteimagery  
are general1y used・Satelliteimages are of value forlarge－SCalelocalization  
investigations（Belsher，1989；Fredjetal・，1990）・AerialphotographscanPrOVidemore  
detai1eddataforstudyingthehorizontaldistrib11tion，mOnitoringthelongTtermChange  
oresdmatingthebiomassofseagrassbeds（Meulsteeetal・，1986；Meineszetal・，1988）・  
TheaerialphotographsandsatelliteimageryareefficientformapplngWheredense  
seagrassescanbeidentiaedonverylargescales（ちelsher，1989；Belsheretal・，1988；  
Kirkman，1990；Longetal．，1994），butcamotalwaysbeusedsuccessfu11ytomap  
seagrassorseaweedbiomassor丘ndthoseoflowdensityorsmallpatches，Orinwater  
tooturbidortoodeepforremote sensing（PasqualiniandPergent－Martini，1996）・  
R∝ently，tOWingvideocameraSyStemhasbeendeveloped（Norrisetal・，1997）・Tbe  
cameraismountedina・down－looking，odentationonatowfish・Whichwasdeployed  
directlyoffthestemofthevesselusingthecargoboom・However・itisalsosensitiveto  
tutbidity．  

ACOtTSTICREMOTESENSmGMETIIODS  

Oneacousticmethodtomapseagrassbedsusmgasidescansonar，Whichismore  
efficientthaJlthatofthe ground surveys，has been developed since1970sinthe  
MediterraneanSea．It scanned seabottomatawidthranging50－500m，andcould  
distinguishseagrassbeddistributionsandtheotherssuccessfu11y（NewtonandStefanOn，  
1975；Meineszetal．，1981；Lefevreetal・，1984；Glo11Ⅹ，1984；RamOSandRamos－Espla・  
1989；Pasqualinietal．，1998）・Figuresland2showtowingapparatusof畠ide－SCanSOnar  
andthedistdbutionmapofZbsteracaulescensMikiinKo毎iroBayiIISagamiBay  
obatinedbytheside－SCanSOnar・TbepatchstruCtureiscleadydepicted・However，itis  
difficultforthismethodtomeasuredensitiesandheightsofplantsalongatranSeCt・  
Greatdisadvantagesare（1）expenSivenessofthesystem，（2）difnculttreatmentofthe  
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systemonthesmallboatinshallowwatersand（3）di餓cultprocessingofhorizontal  
distributiondatatomappingdatathroughpositiondataoftheship・Echosoundershave  
beendevelopedtodetectdistributionsof丘shschooIsandtomeasureunderwaterbottom  
topographies・Theysendoutultrasonicwavesofacertainfrequencyinthewaterand  
measuretheirreflectionbybottomsando叫ectsinthe sea・Becausethereflection  
coefBeientofultrasonicdependsonmaterialsofobjects，eSPeCiallyaircontentinleaves，  
wecanidentifytheobjectsinclearcases．TheechosoundershaveadvantageSnOtOnly  
tocontinuouslymeasurebiomassdistributionsandbottomtopographies，butalsotobe  
usedatalowcostandeasytreatmeht・nismethodhasbeenappliedtoseveralstudies  
inphanerOgambedsin1akes（Duarte，1987），ZosteramarinaL・beds（Hakakeyamaand  
Maniwa，1978；KomatsuandTatsukawa，1998）andP．oceanicameadows（ColantOniet  
al”1982；ReyandDiazdelRio，1989）・  

Colantonietal．（1982）tdedtousealowfrequencyechosounder（3・5kHz）；it  
provedtobe ratherine脆ctive to discriminate the acoustic characterbetween P・  
oceanica bedand the bottom．Althoughthe highTreSOlution continuous seismic  
reflection（3．5kHz）coulddistinguishtheP．ocemicaandothers（ReyandDiazdelRio，  
1989），longwavelengthofultrasonicbringsworseverticalprecisionofechosounder・  
Echosounderswithanultrasonicwaveof200kHzismoreappropnatefordetectlng  
seagrassbeds（Fig．3）田atakeyamaandM皿iwa，1978；KomatsuandTatsukawa，  
1998）．  

TheechosoundercanSCanSeagraSSbedswhentravelingatd）Outl・0－1・5mJs（2－  
3knots）．kispossibletoinves也gate37kmperdaywhenashipwithaneChosounder  
travelsatlm／s（2knots）fortenhol甘S（KomatsuandTatsukawa，1998）・hthisway，  
theechosounderisaveryusefu1apparatustomapseagrassbeds・  

LOCAl．IZATIONtJSINGGPSSYSTEM  

Most ofthe studies mentionedinthe previous sec也on did not refer to a density  
distributionofplantSalongatranSeCtbytheechosounderinthesea，andhavenotbeen  
usedformapplngSO．Often，Itisestimatedthatoneofthereasonsisthatlocalizationof  
vesselsequlPpedwithanechosounderwasnoteasywithgoodprecision・TwotranSit  
血eodlites（Meineszeta．，1981；HatakeyamaandManiwa，1978），DECCA（Meines2：eta・，  
1981），Oraradiopositioningsystem（ReyandDiazdelRio，1989；Calvoetal・，1993）  
havebeenusedasalocalizationsystem．TheGlobalPositi0mingSystem（GPS）became  
avai1al，1ein1980s・ItpemitsustolocalizeinstantaJleOuSlytheplacescamedbythe  
echosounder．TheaccuracyofGPShasbeenamelioratedfrom±36甲（95％）to±6m  
（95％）since2000becaAISeOftheremovalofSelectiveAvai1ability（SA）fromGPS  
（stoppingtheintentionaldegradationoftheGPSsignals）on2May2000・htheworld，  
34countdeshavealreadyinstal1edDifferentialGPSradiobeaconnetwofksinterritory  
ofeachcountry，andmore 
improvementofthebasicGPSsignalthrougheliminationofSAmayallowtheDGPS  
radio beacons to transmit fewer error corrections and more accurate localization. 
AccuracyofDGPSis about severaldecadalcentimeters・Tbe GPSisinexpensive  
systemandmoreconvenientandmoreavai1al，leatanyPlaceforlocalization・neGPS  
orDGPScontributeinsituremotesenslnganddirectobservationforcartographyof  
SeagraSSbeds・  

QUANTIF［CATIONUSINGANECⅡOSOtJNDER  
HatakeyanaandMamiwa（1978）usedtheechosounderformappingaZosterabed，but  
theycalculatedonlyanindexofbiomass：SumOfcanopyheightsbyunitsectoralong  
transectsscannedbytheechosounder・SinceitisnecessarytOeStinateseagrassor  
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seaweedbiomassfbraquantitativecomprehensionofthetheirecosystems，Komatsu  
andTatsukawa（1998）proposedasimpleconvertingmethodfromtheshadinggradesof  
seagrassonechogramstoabove－grOundbiomassbasedonquadratesamPlings（Fig・4）・  
Areaofgradedistdbutioncanbeconvertedtobiomass（Fig・5）・  

DETECTIONOFVERTICALDISTRI召tJTION  
Thepositionofthelowerbottomdepthlimitofseagrassbedsisrelatedtothelight  
extinctioncoefficientinfluencingthemhimumdegreeoflightrequiredforgrowthof  
seagrass（Duarte，1991）．Thus，itcanbeusedforanindicatorofwaterquality・hFrance，  
thelowerbottomdepth1imitofP．oceanicawasmonitoredbyplacingconcretemarkers  
（Meinesz，1977）．hthiscase，Obtainedresultsareveryprecise，buttheobservedareais  
limited．Theechosoundercanbeusedtode負netheverticaldistributionofseagrassbed  
andthelowerbottomdepth1imitof主eagrassbedsbycorrectingdepthsmeasuredbythe  
echosoundertothemeanSealevel．Tberefore，mOnitonngofthelowerbottomdepthby  
theechosounderisusefulfbrdetectingthelowerbottomdepthlimitofseagrassbeds  
notpreciselybutrough1yinawidearea・Whenthesetwotypesofmomitoringare  
coupled，theycomplementeachothertoobtainlowerbottomdepth1imits・  

Komatsuand Tatsukwa（1998）clarified thatthe canOPyheight was nearly  
proportionaltothemaximumbladelength（Fig・6）・Bycroppingbladesofseagrass，the  
heightofseagrass canopiesontheecho－traCeS Canbeused asanindicatorofthe  
maximumbladelengthofseagrasswhenthecurrentspeedswerenotgreatlydifferent  
overthebeds．TanakaandTanaka（1985）alsoreportedasimi1arproportionalrelation  
betweenthe canopy heightand maximumfrondlengths of Sd7gaSSum SPeCies・  
Komatsuetal．（Submitted）developedmappingmethods11Singamulti－beanSOnarthat  
canSendseveraldecadalbeamsfromthetranSd11Cerandmeasurethebottomdepths  
（Fig．7）．Theycふmeastlreheightdistdbutionofseagrassbeds（Fig・8）・Volume  
occupiedbytheseagrasscanopyisalsoestimatedbythismethod・  

CONCLtJSION  

Seagrass distributions arelinkedto physical，Chemicaland socialenvironments or  
humanimpacts．Geographicalhformation Systems（GIS），the computer systems  
capableofassembling，StOnng，mamPulatlng，anddisplayinggeographical1y．referenced  
infomadonarepracticaltooIsforanalyzingspatialandtemporalchangeofseagrass  
beddistributions．  

AmapplngmethodusinganeChosounderisasimple・1aborsavingandefficient  
onetodetecttheircanOPyheightandabove－grOundbiomassandtheirupperandlower  
depth1imits・SinceanewlydevelopedGPSsystemmakesposition皿gOfaboatmore  
accurate，Sチamingofthebedsbecomeshigh1yprecise・hcorporatingthecroppingof  
plantSinsltu，WeCaneStimateverdcalandhorizontaldistributionsofthebeds，Plant  
density，andabiomassdistributionofthebeds・Ontheotherhand，aSidescansonaris  
veryeffectivetohorizontalmapplngOfseagrass bedswhileitis complicatedand  
expensive・Itisexpectedthattheaco11Sticmapplngmethodswillbecomemoreeffective  
bycombiningofnotonlythoseacousticmethodsbutalsootherdirectaJldotheroptical  
remotesenslngmethods・  
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Figurel．PictureshowingtowingtranSducerofside－SCanSOnarPhotographedby  

Komatsu．  

1きy3㌻貯  

Figure2．MapshowinghorizontaldistributionofZosteracaulsecenssurveyedbyside－  
SCanSOnarPhotographedbyKomatsu・  
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Figtue3・RawrecordsofechotracealongatranSaCtinAjinoBay，JapanCitedfrom  
KomatsuandTatsukawa（1998）．AdepthofOmistheseasurface，Whichisnot  
Standardizedtothedepthrelativetothemeansealevel．  
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Figure4．Echogram（upperPanels）andbladelengthdistribution（lowerpanels）obtained  
byaquadratsamplingatStationslOT17（KomatsuandTatsukawa，1998）・＊：  
Echogransarenotshownduetonoseagrass・Gradesofechotracesofseagrass  
bedsw9reShownatthelowerpartoftheverdcal1inerepresentingthestationby  
thefollowingcharacters：Gl：Gradel（noseagrass）；G2：Grade2（sparse  
seagrass）；G3：Grade3（intermediatedenseseagrass）；G4：Grade4（dense  
seagrass）．Bladeslengthsareshownasverticallinesfromthesmal1estoneto  
thelargestoneinorderineach負gureatthestations（lowerpanels）・  
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Figure5．EstimatedbeddistributionofseagrassbedsinAjinoBay（Komatsuand  
Tatsukawa，1998）．Densityofs占agrassbedsisindicatedbythefollowing  
PatternS：OPenarea：nOSeagraSS（Gradel）；COarSedottedarea：SParSeSeagraSS  
（Grade2）；intermediatedensedottedarea：intermediatedenseseagrass（Grade  
3）；densedottedarea＝denseseagrass（Grade4）・  
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Figure6．RegressionbetweenthecanOPyheightandthemaximumbladelengthatthe  
StationswherethequadratsamPlingofseagrasswasdone（Komatsuand  
Tatsukawa，1998）．Solidlineandbrokenlinerepresentlinearregressionline  
andalinewithaslopeOfl．0andaninterceptofO，reSPeCtively・  
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Figure7・Multi－beamSOnarSyStemSurveymgPreCisebottomtopographyformapplng  
SeagraSSbeds（Komatsuet止，Submitted）・  
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Seagraisdistribution  

Figure8．ThreeTdimensionaldistributionofseagrassbedsinOtsuchiBay（Komatsuet  
al．，Submitted）．  
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