
1. Introduction

Coastallagoonsarerichinnitrogenand

phosphoruscompoundsand providehighly

productivehabitatsforaquaticlifesuchasfish

andshellfish.Coastallagoonsareoftenused

foraquacultureactivities,whichmayhavedi-

rectorindirectenvironmentalimpacts,primar-

ilybecauseoftheexcessiveinputsofnutrients

andorganicmatter.Riverineinflowsandthe

transportofallochthonousparticlesandor-

ganicmatteralsoaffectthephysicochemical

environmentsoflagoons,whichwidelyfluctu-

ateattheinterfacebetweenfreshwaterand

seawater（MEADE,1972;ALLEN etal.,1980）.

Thelargesupplyoforganicmatterderived

from aquacultureand riverineinputsinto

coastallagoonsoftencausehypoxicoranoxic

eventsthatleadtofishandbenthicmortalities

（GOWEN etal.,1991;PEARSON and BLACK,

2001）,therebyaffectingaquaculturalactivities.

Therefore,investigatingthedepositionalenvi-

ronmenttoassessthecharacteristicsofbenthic

environmentscouldfacilitatebettermanage-

mentpractices.

Theorganicmatterinsurfacesedimentsis

animportantsourceoffoodforbenthicfauna.

However,overabundancemayleadtobenthic

Lamer51：119128,2013

Soci�t�franco-japonaised・oc�anographie,Tokyo

Spatialdistributionofphytopigmentsandorganicmatter

insurfacesedimentsinLakeSaroma（Hokkaido,Japan）

EmiTERASAKI1），＊,KouMORITA2）,MasaomiYASUDA3）,

KimihikoMAEKAWA4）andShigeruMONTANI1）

Abstract：InLakeSaroma,scallopshavebeenadverselyaffectedbyhypoxicevents,whichare

causedbylong-termscallopcultureinsummer.Inthisstudy,wewereconducivetothespatial

distributionofChla,phaeopigment,totalorganiccarbon（TOC）andtotalnitrogenonagrid

of54stationsinsurfacesediments.ThetemporalchangesintheTOCcontentofthesurface

sedimentssincetheinitiationofscallopcultureinLakeSaromawerealsostudied.Theaverage

Chla/totalpigmentswas0.7±0.2intheorganicpoorarea（PA）,whichwashigherthan0.4

±0.2in theorganicrich area（RA）.Benthicenvironmentsweresuitedforgrowing

microphytobenthosinthePA.Incontrast,theRAhasbecomeincreasinglyeutrophicbecause

oftheaverageTOCwas23±5mgg－1,whichwashigherthan6±3mgg－1inthePA.During

thepast40years,aftertheTOCcontenthaddecreasedinsurfacesedimentowingtotheexca-

vationwork,ithasincreasedintheRAowingtotheconcentratedscallopculturefacilities.This

studyconcludesthatbenthicenvironmentsinLakeSaromaaredirectlyandindirectlyaffected

byhumanactivities,particularlyintheRA.

Keywords：Sediments,Scallopculture,Phytopigment,Organicmatter

1）GraduateschoolofEnvironmentalScience,Hok-

kaidoUniversity,N10W5Kita-ku,Sapporo,Hok-

kaido060�0810,Japan

2）HokkaidoAquaculturePromotionCorporation,1�
3�3Yonesato4jo,Siroishi-ku,Sapparo,Hokkaido

003�0874,Japan

3）TohokuElectricPowerCompany,Incorporated,1�
7�1Hon-chou,aoba-ku,Sendai,Miyagi980�8550,

Japan

4）AquacultureFisheryCooperativeofSaromaLake,

Sakaeura,Tokoro,Kitami,Hokkaido093�0216,

Japan

＊Correspondingauthor:Address:Graduateschool

ofEnvironmentalScience,HokkaidoUniversity,

N10W5 Kita-ku,Sapporo,Hokkaido 060�0810,

Japan.Tel.:＋81117062322.

E-mail:hamulin@ees.hokudai.ac.jp（E.Terasaki）



impairmentduetooxygendepletionandbuild-

upoftoxicbyproducts,associatedwiththe

breakdownofthesematerials（HYLANDetal.,

2005;MAGNIetal.,2009）.Thenegativeeffects

ofexcessiveloadsoforganicsareknowntobe

relatedtothehydrodynamicfeaturesofla-

goons（TAGLIAPIETRAetal.,2012）.IntheLake

Saroma,thescallopculturehasanareaof

80km2or53％ ofthetotalareaandhasbeen

conductedsince1960ies,achievingamaximum

productionof9000tonsin1979.However,wa-

terqualityproblemssuchasredtideoccurred,

affectingscallopproductionthatdecreasedto

3700tonsin1985.Thus,afisherman・sassocia-

tiontriedtobereboundedscallopproduction

fromtheimpactofwaterpollutionbyinterim

downturnamountofscallopculture.Addition-

ally,itwaspromptedthediggingofasecon-

darychanneltoimprovewaterflow.Then,

scallopproductionreboundedto6,700tonsin

the1990iesandwasanadvantageof6,000tons

peryearatpresent.However,inthesummerof

1987dissolvedoxygenconcentrationdecreased

to30％ inthelakebelow adepthof15m

（SAMPEIetal.,1997）.Recently,hypoxicevents

arecausedbytheexcessiveinputoforganic

mattersfromriversandlong-termscallopcul-

turefacilities.Severalbenthicenvironmental

studieshavebeenconductedinLakeSaroma

（SATAKE,1967;KIKUCHIetal.,1984;NISHIHAMA

andHOSHIKAWA,1992;KASHIMA,1996;SAMPEI

etal.,1997;SONODAetal.,2002;KATSUKIetal.,

2009）.Thesestudiessuggestedthatbenthic

environmentsareinfluencedbyscallopculture

and that surface sediments are partly

eutrophic.However,nostatisticalstudieshave

beenconductedtoanalyzesedimenteutrophi-

cationandtemporalchangesintheTOCcon-

tentofsedimentssincetheinitiationofscallop

cultureinLakeSaroma.Additionally,nostudy

reportedphytopigmentscontentsasbasicbio-

chemical parameter in surface sediment.

Phytopigmentswereimportantinformation

becausethesegaveanindicativeofprimary

producerandasourceoffeedforfilterfeeder.

Spatialdistributionsofphytopigmentswere

necessarydatatoassesstheimpactofscallops

tosurfacesedimentbecausebiodepositionof

scallopsincludedphytopigments.Inthisstudy,

theprimarygoalswere（i）tounderstandspa-

tialdistributionofphytopigmentsandorganic

matterandtoassesstheselevelsandstatisti-

callytheeutrophicsedimentsareaofLake

Saroma;and（ii）toseeifthereisanyrelation-

shipbetweentemporalchangesintheTOCcon-

tentofsedimenttohumanactivitiessincethe

initiationofscallopcultureinLakeSaroma.

2. MaterialsandMethods

Studysite

LakeSaromaislocatedinthesubarcticzone

ofJapananditisconnectedwiththeSeaof

Okhotskbyawestwardmainchannelandan

eastwardsecondarychannel（Fig.1）.Itisthe

largestcoastallagooninJapanwithanareaof

150km2,anaveragedepthof9m,anda
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Fig.1.ThestudyareaandsamplingstationsinLakeSaroma,Hokkaido,Japan.●:Inthescallopculture
facility.



maximumdepthofabout20m（KIKUCHIetal.,

1984; NISHIHAMA and HOSHIKAWA, 1992;

KATSUKIetal.,2009）.Furthermore,ringcur-

rentathightidecurrentsmainlytowardsouth

fromthemainchannelandpartlycirculatedat

west end and Kimuaneppu cape in Lake

Saroma（SATAKE,1967）.Otherringcurrentat

hightidecurrentsplume-formfromthesecon-

darychannelafterthatlinearlycurrent,in

contrastringcurrentsatlowtidewerereverse

（HAGINO,1985）.Flowvolumeatthemainlyand

thesecondarychannelswereabletocalculate

from tidalrangebetweentheopenseawater.

Orderofflowvolumeatthemainlyandthesec-

ondarychannelswere108m3and107m3perone-

tide,respectivelyandtheratiowasabout9:1

（TAKEUCHIetal.,1990）.

Fieldsurveys

Samplingwasconductedusingagridat56

stationsonSeptember26,2005（Fig.1）.Sur-

face（0�1cm）sedimentsampleswerecollected

ateachstationusingEkman-Birgetypebot-

tomsampler（15cm×15cm）.Thesampleswere

packedinzipperbagsandstoredinarefrigera-

tor.Afterreturningtothelaboratory,the

sampleswerestoredat－20�Cuntilanalysisaf-

terremovingtheporewaterbycentrifugation

（3,000rpmfor10min）.

Thepresentstudywasconductedfollowinga

hypoxiceventinSeptember2005.Duringthis

year,LakeSaromawascharacterizedbyhigh

biologicalproductivityandhighbiodeposition

（KURATAetal.,1991）.Inoursurvey,wealso

foundthatthechlorophyll-a（Chla）concen-

trationandprimaryproductioninthewater

columnwereashighas3.2�gl
－1and1gCm－2

day－1,respectively（unpublisheddata）.

Sedimentanalysis

TodeterminetheChlaandphaeopigment

contentsofthesediments,about0.1gofthe

sedimentsamplewasaddedtoatesttubeand

Chlaandphaeopigmentwereextractedusing

90％acetone.Thetesttubewasthenplacedina

freezerindarkconditionsat－20�Cforone

day.Afterultrasonicationforfiveminutes,the

concentrationofChlainthesupernatantof

thetesttubewasdeterminedusingafluoro-

photometer（Turner10-AU-5,TurnerDesigns）,

accordingtoLORENZEN・s（1967）methodasde-

scribedbyPARSONSetal.（1984）.

Todeterminetheorganiccarbonandnitro-

gencontentinthesediments,sampleswere

freeze-driedandgroundtoapowderusinga

mortar.Priortotheanalysis,thesampleswere

treatedwith1NHCltoremoveanytracesofin-

organiccarbon,rinsedwithdeionizedanddis-

tilledwatertoremovetheacid,andfreeze-

dried.Thetotalorganiccarbon（TOC）and

totalnitrogen（TN）contentweredetermined

usingaCHNanalyzer（NA�1500,FusionDe-

signs）.

Dataanalysis

Clusteranalysisandmultidimensionalscal-

ing（MDS）wereconductedtounderstandthe

sedimentaryenvironmentinLakeSaromade-

pendingonthesourcesoftheorganicmatter.

Clusteranalysis（Ward・smethod）wascon-

ductedusingaEuclideandistancetechniquefor

theTOC,TN,andChla/total（Chla＋phaeo-

pigment）pigments（Chla/total）ratiocontent

tocategorizethesediments.TheMDSordina-

tionanalysiswasperformedusingaEuclidean

distancetechniquewiththesamedatatopro-

duceatwo-dimensional（2D）plotofthecatego-

rizedsediments.

3. Results

Sedimentcharacteristics

TheaverageChlaandphaeopigmentcon-

tentsforallanalyzed stationswere73±

86�gg
－1and94±142�gg

－1,respectively.The

Chlacontentexhibitedadistributionsimilar

tothatofthephaeopigmentcontent,exceptat

Stn.68,wheretheChlacontent（155�gg
－1）

differedfromthephaeopigmentcontent（25�g

g－1）［Figs.2（a）and（b）］.TheChlacontent

wasgreaterthan200�gg
－1 atwesternmost

sideinStns.1,2,and72,whileitwasabout

10�gg
－1atmainlyseasideinStns.9,11,15,22,

30,63,and70,withaminimumvalueof1.4�g

g－1atStn.10［Fig.2（a）］.Thephaeopigment

contentwasgreaterthan200�gg
－1atwestern-

mostside,wheretheChlacontentwashigh

［Fig.2（a）and（b）］.Incontrast,thephaeo-

pigmentcontentwaslesserthan10�gg
－1at

seaside,withaminimumvalueatandeastern-

mostsideinStns.48,59,and68［Fig.2（b）］.
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ThedistributionofChla/totalpigmentsexhib-

itedabetteragreementwithbathymetrythan

thoseofChla and phaeopigmentcontents

（Fig.2）.TheaverageChla/totalratiowas

0.50±0.18;ahighChla/totalratiowasre-

cordedatseasideandeasternmostside,witha

maximumvalueof0.96.Incontrast,alowChla/

totalratiowasrecordedatStns.39,63,and67,

withaminimumvalueof0.17［Fig.2（c）］.

TheTOCandTN distributionsexhibiteda

betteragreementwiththephaeopigmentcon-

tentthanwithChla（Fig.3）.TheaverageTOC

andTNcontentswere18±12mgg－1and2.0±

1.3mgg－1,respectively.AhighTOCcontentof

greaterthan30mgg－1wasobservedatStns.66

and73,withamaximumvalueof38mgg－1at

Stn.24［Fig.3（a）］.Incontrast,alowTOC

contentwasrecordedatStns.31and48,witha

minimumvalueof1.8mgg－1atStn.10［Fig.3

（a）］.AhighTNcontentofgreaterthan3mg

g－1wasobservedatdepth＞10m ineastbasin

and＞15m inwestbasin,withamaximum

valueof4.1mgg－1atStn.24［Fig.3（b）］.In

contrast,alowTNcontentoflesserthan0.5

mgg－1 wasobservedatseasideandeastern-

mostside［Fig.3（b）］.TheC/N（mol）ratio

hadanaveragevalueof10±1,whereasitwas

about12nearrivermouthandthesecondary

channel［Fig.3（c）］.Incontrast,alowC/Nra-

tioof6�8wasobservedatseasideandeastern-

mostside,whichagreedwiththehighChla/

totalcontent［Fig.3（c）］.

Spatialpatterns

UsingtheTOC,TN,andtheChla/totaldata,

thesedimentsampleswerecategorizedintotwo
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Fig.2.（a）Spatialdistributionsofchlorophyll-a
（Chla）content,（b）specialdistributionofphaeo-
pigmentcontent,and（c）specialdistribution
Chla/totalpigments（Chla/total）ratiointhe
surface（0�1cm）sedimentsofLakeSaroma.

Fig.3.（a）Spatialdistributionofthetotalorganic
carbon（TOC）content,（b）specialdistributionto-
talnitrogen（TN）content,and（c）carbontoni-
trogen（molar;C/N）ratiointhesurface（0�1cm）
sedimentsofLakeSaroma.



maingroups（n＝51/58）.GroupAwastheor-

ganicpoorarea（PA）thatincludedStns.5�7,

10�16,19�22,30,31,48,50,56,59,65,and68

（Fig.4）.GroupBwastheorganicricharea

（RA）thatincludedStns.1,2,9,17,21,24�47,

49,51�55,58,60�64,66,67,and69�76（Fig.4）.

SpatialpatternsofPAandRAagreedwiththe

bathymetryandringcurrents.Thegrainsize

compositionforPAwassandandsiltysandto

clayforRA（NISHIHAMA &HOSHIKAWA,1992;

SAMPEIetal.,1997）.TheaveragedepthsinRA

andPAwere13±5mand7±3m,respectively.

Thescallopculturefacilitieswerelocatedin

RA,whichwereatdepthofgreaterthan10m.

TheaverageChlaandphaeopigmentcontents

were37±36�gg
－1and19±20�gg

－1,respec-

tively,inPA,and91±102�gg
－1and122±156

�gg
－1,respectively,inRA.TheaverageChla/

totalratiowas0.7±0.2inPAand0.4±0.2in

RA.TheaverageTOCandTNcontentswere

6.3±3.1mgg－1and0.7±0.3mgg－1inPAand

23.4±5.4mgg－1and2.5±0.6mgg－1inRA,re-

spectively.TheaverageC/Nratiowas9.6±1.4

inPAand11.1±0.9inRA.

4. Discussion

Characteristics ofphytopigments and or-

ganicmatteron surfacesedimentin Lake

Saroma

TheaverageChlaandphaeopigmentbiomass

inLakeSaromawere299±220mgm－2 and

325±259mgm－2,respectively.Incontrast,in

theGulfofFosinFrancewheremusselswere

cultured,theaverageChlaandphaeopigment

biomasswere30±5mgm－2 and215±58mg

m－2,respectively（PLANTE-CUNY etal.,1993）.

IntheTasmanBayinNewZealandwheremus-

selswerecultured,theaverageChla and

phaeopigmentbiomasswere24±18mgm－2and

67±15mgm－2,respectively（CHRISTENSEN et

al.,2003）.However,theaverageChlaand

phaeopigmentbiomasswere330mgm－2 and

220mgm－2,respectively,atSkagerrakinSwe-

den（whichislocatedinthesubarcticregion）

wheremusselswerecultured（SUNDB�CKetal.,

1996）.InHichirripulagoon,whichislocatedin

thesameprefectureasLakeSaromaandwhere

oysterand clam werecultured,theChla

biomasswas226mgm－2（KAJIHARA etal.,

2010）.We suggested that the Chla and

phaeopigmentcontentstendtobehigherinthe

subarcticregion.TheChla/totalratiointhis

studyindicatedthattheChlaactivitywaslow,

i.e.,0.4,inRA［Fig.2（c）］,whichwasgreater

thanthelevelsof0.01�0.3detectedinTasman

Bay（CHRISTENSEN etal.,2003）.Incontrast,

theChla/totalratiowashigh,i.e.,0.8inPA

［Fig.2（c）］,whichweresimilartothelevelsof

0.7�0.8atSkagerrak atadepth of0.5m

（SUNDB�CKetal.,1996）.Therefore,theaverage
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Fig.4.（a）DendrogramproducedusingWard・sclus-
teringmethodand（b）multidimensionalscaling
（MDS）ordinationplotsfortotalorganiccarbon
（TOC）andtotalnitrogen（TN）contentsand
chlorophyll-atototalpigments（Chla/total）ra-
tiodataofsurfacesedimentsfromLakeSaroma.
GroupA:theorganicpoorarea;GroupB:theor-
ganicricharea.（c）Classificationmapderived
from（a）and（b）. :theorganicpoorarea; :

theorganicricharea.



relativelightintensityatdepthof7m and

13m,whichwereaveragedepthatPAandRA,

were25±17％ and9±6％ as100％ insurface

layer,respectivelyinthesummerof2010（in

preparation）.TheChlacontentwerehighde-

spitethelowpheaopigment,TOC,andTNat

PA.Thus,atPA,organicmatterwaslowdue

tosandyandlight,whichwasenoughtogrow

microphytobenthosreachedtosurfacesedi-

ments.ThecontributionsrateofChlatoTOC

werecalculatedwithC/Chlaas50（ANTIAet

al.,1963）andwas36±28％ atPAasagainst

was17±15％ atRAinsurfacesediments.We

suggestedthatmicrophytobenthosplayarole

onbioproductionenvironmentatPA.TERASAKI

etal.（inpreparation）reportedthatdeepersta-

tionhadcharacterizedbyeasytobedeposited

OM derivedfrom detritusandcontribution

rateofbiodepositionwas50％ onsurfacesedi-

mentsunderthescallopculturefacility.

AttheMaranoandGradolagoons,connected

totheAdriaticSea,andtheFirthofThames,

NewZealand,wheremusselswerecultured,the

TOC contentvariedfrom 5to15mg g－1

（VITTORetal.,2012）andfrom16to19mgg－1

（GILES andPILDITCH,2006）,respectively.At

PrinceEdwardIsland,Canada,andThaula-

goon,France,wheremusselswerecultured,the

TOC contentvariedfrom 12to43mgg－1

（WALKER andGRANT,2009）andfrom 42to

68mgg－1（ANSCHUTZetal.,2007）,respectively.

MAGNIetal.,（2009）detectedveryhighTOC

levels in two Mediterranean lagoons（the

OrbetelloandtheVenicelagoons）wherebi-

valveswerecultured,withvaluesupto60and

100mgg－1,respectively.TOCandTNcontents

ofthesurfacesedimentsfrom LakeSaroma

wherescallopswereculturedissimilartoor

lowerthanthoseobservedincoastalareasor

lagoonswherebivalveswerecultured.There-

fore,itcanbededucedthatLakeSaromadoes

nothaveanextremeorganicload,whichwas

alsoreportedbySONODAetal.（2002）.Thesedi-

mentsarebecomingincreasinglyeutrophicin

RAasreportedbyKATSUKIetal.（2009）.The

C/Nratioofphytoplanktonandmicrophyto-

benthoswere4�10,whereastheC/Nratioof

seagrassandterrestrialplantwasgreaterthan

12（BORDOVSKI,1965;HEDGES etal.,1986;

MEYERS,1997）.ThissuggeststhatTOCand

TNarederivedfromphytoplanktonandmicro-

phytobenthosinPA,whiletheyarederived

from seagrassandterrestrialplantinRA.

SAMPEY etal.（1997）reportedthatorganic

mattermainly derivedfrom phytoplankton

wasfoundincenterofthislakeandorganic

matterderivedfrom terrestrialmaterialin-

creasedneartheedgeoflake,whichwasnot

consistentwiththiscurrentstudy.However,

thereportedorganicmatterbystablecarbon

andnitrogenisotopesshowedthatthecontri-

butionsofseagrassandterrestrialplantwere

highinRA,whichwasconsistentwiththe

studybyTERASAKIetal.（inpreparation）.

VariationofTOCcontentofthesurfacesedi-

mentsoverthepast40yearsinLakeSaroma

Aquacultureactivitiesaregenerallyviewed

ashavingmajornegativeimpactsoncoastal

environments（DANOVARO,2003）.Theimpact

ofintensivefishfarmingonthebenthicenvi-

ronmentisexpectedtobehigherthanthatof

bivalvefarming（MAZZOLAetal.,1999;INGLIS

etal.,2000）.However,musselbiodepositionin

musselfarmslocatedintheMediterraneanhas

adverselyaffectedfarmsediments（DANOVARO

etal.,2004）.InLakeSaroma,previousinvesti-

gationssuggestedthathighamountsofor-

ganicmatterwereloadedintothesedimentby

scallopculture（SONODA 2002;KATSUKIetal.,

2009）.Thus,theTOCcontentsince1965during

theperiodofscallopculture（Table1）was

evaluatedandrelatedtohumanactivitiesinthe

surfacesediment.Thescallopproductionwas

200tonsin1965andincreasedto9,000tonsin

1980（NISHIHAMA andHOSHIKAWA,1992）.In

1965,thespatialdistributionoftheTOCcon-

tentwashighataround10�20mgg
－1 and

greaterthan25mgg－1atbothdepth＞10min

eastbasin anddepth＞15m in westbasin

（deeperstation）,whereeveryhypoxiaoccurred

（Table1）.Thisshowedthatthebenthicenvi-

ronmentwashighlyeutrophicin1965andwas

comparableto2005,whichhasasimilarlevel.It

waspromptedthediggingofsecondarychan-

neltoimprovewaterflow becauserepeated

hypoxiaeventsoccurredin1978.However,fish-

ermenalsohaltedscallopculture,becausescal-

lopcatchesweredamagedbyaredtideeventin

the1980s.Thus,thespatialdistributionofthe
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TOCcontentdecreasedbetween10and20mg

g－1atdeepstationsin1988anditdecreasedas

comparedtothatin1965（Table1）.Thebenthic

environmentswereimprovedbythereduction

ofscallopbiodepositioninthesedimentand

waterflowingthroughthesecondarychannel

（NISHIHAMA and HOSHIKAWA,1992）.After

the fishermen resumed scallop culture at

theendofthe1980s,thescallopcatchesre-

boundedto7,000tonsin1990（NISHIHAMAand

HOSHIKAWA,1992）anditremainedbetween

6,000and7,000tonsin2005（AQUACULTURE

FISHERYCOOPERATIVEOFSAROMALAKE,2005）.

ThespatialdistributionoftheTOCcontentin-

creasedataround10�20mgg
－1,andtheaver-

ageTOCcontentwas24±2mgg－1 atdeep

stationsin1995（Table1）.Afterthat,thespa-

tialdistributionoftheTOCcontentincreased

togreaterthan25mgg－1,andtheaverageTOC

contentwas27±2mgg－1atdeepstationsin

2005（Table1）.Accordingtothedistributions

oftheTOCcontentin1988（NISHIHAMA and

HOSHIKAWA,1992）,1995（SAMPEIetal.,1997）,

andthiscurrentstudy,theTOCcontentde-

creasedinPAandincreasedinRA.TheTOC

accumulatedinthedeepstations,anditsextent

expandedinRA.TheTOC contenthasin-

creasedtoatleast7mgg－1 atdeepstations

since1988,whenscallopculturewashealthy

（Table1）.Thissuggeststhatthebenthicenvi-

ronmentsaredirectlyorindirectlyaffectedby

humanactivitiessuchasscallopcultureinLake

Saroma,particularlyinRA.

Biodepositionwasalsoresponsibleforasig-

nificantaccumulationofbiopolymericcarbon,

whichinducedsignificantchangesinmicrobial

andmeiofaunalassemblages（MIRTO etal.,

2000）.InLakeSaroma,thepolychaetecommu-

nitychangedbetween1975and1995.Thetotal

populationdensityandspeciesdiversityhasde-

creased,andthedominantspeciescomposition

haschanged（SONODA,2002）.Therelative

abundanceofCyclotellacaspia,anindicator

speciesofeutrophication,washigherin2005as

comparedto1995;itincreasedinthescallop

cultureareasince2005（KATSUKIetal.,2009）.

Thebiogeochemicalenvironmentisseriously

affectedbyhumanactivitiesinLakeSaroma

duetotheinteractionamongtheTOCcontent,

thescallopculture,andthedigging.Further-

more,previousreportsstatethathypoxic

eventsandeutrophicationinbenthicenviron-

mentshavebeendegradedyearlybylong-term

scallopsgrazing,whichhasledtobenthiccom-

munitychanges（SONODA,2002;KATSUKIetal.,

2009）. It is predicted that if benthic
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Table1.Changeofthespatialdistributionoftotalorganiccarbon（TOC）contentinsurfacesedi-
mentsoverpast40years.Unit:％（percentageoftotalarea）;ton/year（scallopcatches）.

totalarea scallopcatches diggingchannel

unit ％ ton/year

year rank1 rank2 rank3 rank4

1929 － － － － － themainchannel

1965 14 52 16 18 200

1978 － － － － 7000 thesecondarychannel

1988 39 56 3 2 5000

1995 36 27 20 16 6700

2005 33 19 15 33 6000

*Therank1indicatedthatTOCcontentwas＜10mgg－1;therank2indicatedthatTOCcontentwas
10�20mgg

－1;therank3indicatedthatTOCcontentwas20�25mgg
－1;therank4indicatedthat

TOCcontentwas＞25mgg－1.Thepercentagesoftotalareaof1965and1988weretakenfrom
NISHIHAMAandHOSHIKAWA（1992）;thepercentagesoftotalareaof1995weretakenfromSAMPEIet
al.（1997）.Culturedscallopcatcheswererunningmeanvaluesforfiveyears,providedthatthescal-
lopcatchof1965useddataof1966.



environmentsareleftundisturbed,andifthe

TOCcontentcontinuestoincreaseinthefu-

ture,thiswouldaffectthescallopculture.

Nishihamaetal.（1992）reportedthatbenthic

environmentwasfavorablein1988andTOC

contentwas＜20mgg－1atdepth＞15monsur-

facesediments.Incontrast,TOCcontentwas

atleast24±1mgg－1 of1995whilehypoxic

eventshadoccurred.Thus,wesuggestedthat

TOCcontentshouldbe＜20mgg－1tokeepfa-

vorablebenthicenvironment.Inthefuture,itis

importanttofocusontheTOCcontentand

show voluntaryrestraintduringscallopcul-

tureandbeproactiveindiggingthesecondary

channelstoimprovebenthicenvironments.

5. Conclusion

LakeSaromadoesnothaveextremeorganic

contamination,althoughthesedimentsarebe-

comingincreasinglyeutrophicintheorganic

richareaowingtotheconcentrationofscallop

culturefacilities.TOCcontenthascontinuedto

increase,andhypoxiceventshaveoccurredat

deepstationsthatareintheRAsincetheearly

1990s.TheTOCcontentrespondtohumanac-

tivitiessuchasscallopcultureanddigging

inLakeSaroma.Wesuggestedthateffective

actionneededtobetakentoimprovebenthic

environments as soon as possible because

theaverageTOCcontentis27mgg－1atdeep

stationsin2005.
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