
1.Introduction

Invasivemarinespeciesoftenhaveaserious

influenceonnativeecosystemsandlocalfisher-

ies.Theinvasivemarinehardclam,Mercenaria

mercenaria,wasintroducedintoTokyoBayin

Japaninthe1990s（KUROZUMIandOKAMOTO,

2002;NISHIMURA,2005;HIWATARIandKOHATA,

2005;HIWATARIetal.,2006;SUGIHARA etal.,

2012）.Thisspeciesisnativetotheeastcoast

ofNorthAmerica,whereitformsaveryim-

portant fishery resource.In Tokyo Bay,

M.mercenariaisdistributedinhighlyeutro-

phiccoastalareasandhasnotyetbeenob-

servedinotherareasinJapan（HIWATARIet

al.,2006）.SUGIHARAetal.（2012）reportedthat

theM.mercenariapopulationsinTokyoBay

mightbenativetotheFloridaPeninsula.Fur-

ther,ithasbeenshownthatM.mercenariahas

excellentfilter-feedingability（TENOREetal.,

1973）andtoleranceforenvironmentalchanges,

suchashypoxicandlow salinityconditions

（HIWATARIandKOHATA,2005）.Suchadvan-

tageshaveprobablyenabledthisspeciestosur-

viveafteritsintroductionintoTokyoBay.It

hasbeenassumedthatthisclammaycompete

withnativespecies,includingcommerciallyim-

portantspeciessuch asRuditapesphilippi-

narum （HIWATARI and KOHATA, 2005）.

Therefore,itisnecessarytoclarifytheimpact

ofthisinvasiveclamonnativeecosystems.

Onlylimitedinformationisavailableabout

theenvironmentalfactorsthataffectthedis-

tributionofM.mercenariainJapan.Obtaining
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moreinformationaboutthedistributionof

bothnativeandinvasiveclamsshouldbethe

firststepinevaluatingtheimpactoftheinva-

siveclamonnativeecosystems.Thisstudywas

conductedtoprovidefundamentalinformation

forfurtherecologicalstudies.Weexaminedthe

tidalflatsofSanbanzeintheinnerpartofTo-

kyoBayinlatesummer,duringwhichalarge

number of M.mercenaria can be found

（NISHIMURA,2005）.

2.Materialsandmethods

SanbanzeislocatedintheinnerpartofTo-

kyoBayandisoneofthelargesttidalflatsin

thebay.Mostoftheareahasamuddy-sand

bottom（ACHIARIandSAKAI,2007）.Thesurvey

wasconductedatlowtide,duringwhichthe

2.69-km2 tidalflatsweremaximallyexposed.

（CHIBAPREFECTURE,2012）.Itisdifficulttoac-

cess the tidalflats exceptvia Funabashi

SanbanzeKaihin Park（35�40・N,139�58・E）.

Therefore,thestudysitewaspreparedwithin

theparkboundary.

Aspatialsurveywasconductedatlowtide,

between10:00a.m.and1:00p.m.onSeptember

5,2009,whenthetidalflatswerethemostex-

posed（thelowesttidewasat11:18a.m.）.Four

parallelsamplinglinesweresetat80-minter-

vals.Thefirstlinewassetslightlybelowthe

hightideline,andthelastlinewassetbelow

thelowtideline（Fig.1）.Samplingplotswere

createdat20-mintervalsalongeach80-mline

byinstallinga150-cmbarfordeterminingthe

waterdepthathightide.Toanalyzemollusk

assemblages,sedimentwascollectedusing30

×30-cmquadratsateachsamplingplot.Sedi-

mentcollected0－5cm from thesurfacewas

sievedusinga2-mmmesh,andtheanimalsob-

tainedwerefixedin10％ formalinimmediately

aftersampling.Toanalyzeenvironmentalcon-

ditions,sedimentsampleswerecollectednear

each mollusk-sampling siteby using 10×

30-cm quadrats.Sedimenttemperaturewas

measuredat3-cmdepthbyusingastickther-

mometer.A0.8-cm-diametercorerwasusedto

collecta2-mlsedimentcorefrom0－3cmbelow

thesurface.Thissedimentwasusedtoanalyze

watercontent.A 2.7-cm-diametercorerwas

usedtocollecta100-mlsedimentcorefrom0－

3cmbelowthesurface.Thissedimentwasused
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Fig.1.ThestudysiteinTokyoBayandthelocationofthesamplingplots.Samplinglines（A-D）were80m
apart,andthesamplingplotswerecreatedat20-mintervalsalongthelines.Thestraightsolidlinesrepre-
sentadike.



todeterminesedimentcharacteristics.

Animalsweresortedintospeciesortaxa.

Theywerethencountedandtheirdensitywas

calculated.Toanalyzesedimentwatercontent,

sampleswereweighedbeforeandafterdrying

at105℃for5h,andthewatercontentwascal-

culatedfromthedifferenceinmass.Toanalyze

the sedimentcharacteristics,samples were

treatedwith30％hydrogenperoxidetoremove

organiccompoundsandthendriedat60℃ for

96h.Thecompositionofsedimentgrainsizes

wasdeterminedusingaseriesofsieveswith2-,

1-,0.5-,0.25-,0.125-,and0.063-mmmeshes,and

themediangrainsizeandsilt-claycontentwere

measured.

Forhomogeneityofvarianceandnormality,

allnumericaldatawerelog-transformedand

percentdata werearcsinetransformed,as

perthestudybyZAR（1984）.Differencesbe-

tween themeansofenvironmentalfactors

alongeachsamplinglinewerecomparedusing

one-wayanalysisofvariance（ANOVA）and

Bonferroni・s method. Pearson・s product-

momentcorrelationcoefficientwascalculated

betweenmajorbivalvespecies.Thecorrelation

coefficientwastestedusingattest.Stepwise

multipleregressionanalysiswasperformedto

examinecorrelationsbetweenthedensityofM.

mercenariaandenvironmentalconditions.Dif-

ferenceswereconsideredsignificantiftheasso-

ciatedp-valuewaslessthan0.05.

3.Resultsanddiscussion

Sevenbivalvespecieswerefoundinthestudy

site（Table1）.Avastmajorityofthesebivalves

were1of3speciesoffilterfeeders:Ofthe

totalnumberofbivalvesfound,41.6％ were

R.philippinarum,27.7％ wereM.mercenaria,

and 24.1％ were Phacosoma japonicum.

M.mercenariawasfoundinagreaternumber

ofsamplingplots（11samplingplots）thanany

oftheotherspecies.Thus,theinvasiveclam,

M.mercenaria,wasoneofthedominantspe-

ciesin thestudy site.Thedistribution of

M. mercenaria was similar to that of

R.philippinarum,andfewsamplingplotswere

entirelyoccupiedbyM.mercenaria.NISHIMURA

（2005）reportedthat,althoughthenumberof

individualsvariedbetweenseasonsandplaces,

80％ofallsamplesacquiredin2002fromChiba

PortinTokyoBaywereM.mercenaria.We

observed no such extremedominance,and

therewasnonegativecorrelationbetweenthe

densityofM.mercenariaandthatoftheother

2majorspecies,namely,R.philippinarum（R＝

0.59;P＜0.05）andP.japonicum（R＝0.17;P＞

0.05）.Theseresultsimplythatthepresenceof

M.mercenariadidnotexcludeotherspecies

from thestudysite.Therefore,therewasno

evidencethatM.mercenaria strongly out-

competesotherspeciesinthestudysite.

SamplinglinesA－C inthisstudywere

placedintheintertidalzone,andlineDwasin
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Table1.DensityofanimalspeciescollectedalongsamplinglinesinSanbanze（mean±standarddeviation［SD］）.
Eachsamplinglinecontained3－4samplingplots.

Class Family Species

Density（individuals/m2） Numberof

plotswhere

presentLineA LineB LineC LineD

Bivalvia MactridaeMactraveneriformis 3.7±6.4 8.3±10.6 3

Tellinidae Macomaincongrua 2.8±5.6 1

Solenidae Solenstrictus 8.3±10.6 2

VeneridaeMercenariamercenaria 2.8±5.6 44.4±50.9 41.7±16.7 27.8±11.1 11

Phacosomajaponicum 3.7±6.4 11.1±15.7 77.8±76.4 7

Ruditapesphilippinarum 85.2±78.8 55.6±27.2 38.9±14.3 10

Cyclinasinensis 2.8±5.6 1

Polychaeta Polychaetasp. 47.2±38.9 44.4±50.9 2.8±5.6 13.9±16.7 8



thesubtidalzone.Althoughthewaterdepthat

hightideandemersiondifferedbetweenlinesB

andC,theenvironmentalconditionsweresimi-

laralongthese2lines（Table2）.Thefollowing

formulawasobtainedusingstepwisemultiple

regressionanalysis:

y＝－0.038x＋0.707（r＝0.71）,

whereyisthedensityofM.mercenariaand

x issilt-clay content.Thedistribution of

M.mercenariainthisstudywasnegatively

correlatedwithsilt-claycontent（Fig.2）.No

othercorrelationswereobservedbetweenenvi-

ronmentalconditionsandtheabundanceof

M.mercenaria.Thenegativecorrelationbe-

tweensedimentsilt-claycontentanddensityof

M.mercenariawasconspicuousalongsampling

lineA（Table1,2）.Ithasbeenreportedthat

thepresenceof44mg/Lofsiltinthewaterde-

creasesthegrowth rateofM.mercenaria

（BRICELJetal.,1984）.Suchchangesingrowth

ratemaydependontheefficiencyofselection

betweennutritioussubstancesandsuspended

sedimentsinthewater（BRICELJandMALOUF,

1984）.Itmaybethatthehighsilt-claycontent

observedinallthesedimentswascausedby

alargequantityofsuspendedsedimentsin

the water at high tide.The absence of

M.mercenariaatlineAmaythereforebedue

tohighsilt-claycontentofthewaterinthat

area.However,thesilt-claycontentofthesedi-

mentswasapproximately8％ orlessalongall

samplinglines,includinglineA,whichhadthe

fewestindividualsofthisspecies.Contraryto

theresultsofourstudy,NISHIetal.（2008）re-

portedthatM.mercenariawasfoundinseveral

areasofYokohamaPort,whichopensintoin

TokyoBay,wherethesilt-claycontentwas

morethan15.7％ andthesubstratumhadlow
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Table2.Environmentalconditions,speciesrichness,andtotaldensityofcollectedanimalsalong
samplinglinesinSanbanze（mean±standarddeviation［SD］）.

LineA LineB LineC LineD

Waterdepthathightide（cm） 62.5±5.0a 95.0±10.0b 118.8±4.8c NA*

Emersion（h） 7.1±0.3a 5.3±0.6b 4.2±0.3c 0.0±0.0d

Temperature（℃） 32.1±0.3a 30.3±1.2b 29.4±0.5b 26.1±0.8c

Watercontent（％） 23.0±2.0a 20.5±6.2a 21.1±2.6a 27.4±0.9a

Mediangrainsize（μm） 78.3±6.5a 103.7±12.0b 88.4±6.0ab 82.4±4.2a

Silt-claycontents（％） 7.8±4.5a 0.3±0.2b 0.4±0.2b 0.7±0.3b

Speciesrichness 1.0±0.0a 2.7±1.5ab 3.3±1.0b 4.5±0.6b

Density（individuals/m2） 50.0±34.5a 136.1±107.5b 116.7±32.1b 175.0±80.8b

Differentletterswithinrowsindicatesignificantdifferences（n＝3－4;P＜0.05）.
*ThewaterdepthathightideonlineDwasdeeperthan150cm,whichisthelengthofthebarused
tomeasurewaterdepthinthisstudy.

Fig.2.Correlationbetweensilt-claycontentandthe
densityofM.mercenariainsamplingplots（30
×30cm2）locatedinSanbanzemudflatinTokyo

Bay.



oxidation-reduction potential.Although our

studyresultsdonotindicatethereasonfor

thisdifferencein silt-clay contentbetween

SanbanzeandYokohamaPort,itisassumedto

beoneofthereasonsthatthestudysiteused

byNISHIetal.（2008）andthatusedinour

studyweregeomorphologicallydifferent.The

studysiteusedbyNISHIetal.（2008）waslo-

catedinacanal,whereasinourstudy,thesite

wasanintertidalzoneinatidalflat.Sediments

arewell-raisedfrom surfzonetoswashzone

（SHUTO,1988）,andtheintertidalzoneinthis

studywaswithinthesezones.Therefore,the

studysiteusedbyNISHIetal.（2008）isas-

sumedtobelessaffectedbywavesfromthesea

thanthesiteusedforourstudy.Thenegative

correlationweobservedbetweensilt-claycon-

tentandthedensityofM.mercenariamayre-

sultfromgeomorphologicalfeaturesthatcause

arelativelylargeamountofsuspendedsedi-

mentinareaswithhighsilt-claycontent.In

thisstudy,wedidnotdirectlytestthishy-

pothesis.Therefore,amoredetailedsurveyand

additionalexperimentsarenecessary,even

thoughitappearedthatsiltandclaywere

amongthemajorfactorsthataffectedthedis-

tributionofM.mercenariainthestudysite.

Inthisstudy,weinvestigatedthedistribu-

tionofM.mercenariainapartofSanbanze.

M.mercenariaisabundantinSanbanze,asitis

inotherplacesinTokyoBay（NISHIMURA,2005;

NISHIetal.,2008）.Ourstudydatashouldhelp

toclarifythedistributionofM.mercenariain

TokyoBay.Furthermore,Sanbanzefacesland

subsidence;theareaofthetidalflatshasde-

creasedbyover50％ overthepast3years,pri-

marily because ofthe GreatEastJapan

Earthquake（CHIBAPREFECTURE,2012）.There-

fore,thisstudy,whichdescribesthebiological

distributionofbivalvesbeforetheGreatEast

JapanEarthquake,canalsobeusedasabase-

linesurvey fortracing ecologicalandgeo-

graphical changes after the earthquake.

Furtherresearchisrequiredtoobtainmorede-

tailsaboutthedistributionoftheinvasivespe-

cies,M.mercenaria.
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