
Introduction

Macrophytebedsofseaweedandseagrassin

shallow coastalwatersoftheworld・soceans

areamongthehighestprimaryproducersys-

temsontheplanet（SMITH,1981;UNEP,2009）.

Netprimaryproductioninmacrophytebeds

（i.e.,massofCO2fixedperunitarea）ismuch

higherthaninphytoplanktonbloomsorin

mangrovesandcloselysimilartothatinterres-

trialrainforests（SMITH,1981;SUZUKI,1997）.

Mostmacrophytes are removed from the

coastalseafloorbywavesandcurrents,after

attainingtheirhighestbiomassintheirseason

ofmaturation（YOSHIDA,1963;YATSUYAetal.,

2007;ITO etal.,2009;KOMATSU etal.,2009）.

TwosurveysconductedinabayonthePacific

coastofJapan（MIKAMI2007）andinabayfac-

ingtheSeaofJapan（YATSUYAetal.2007）re-

ported that 80％ of the annualprimary

production ofsargassaceous fucoid fronds

driftedfromtheirbedswithseawardoutflow.

Afterbecomingdetachedfromthesubstratum,

macrophyteswithpositivebuoyancy,including

sargassaceousfucoidandseagrass,canfloaton

the sea surface.These rafts of drifting

macrophytesoccurinoceanwatersworldwide

（THIEL and GUTOW, 2005; HERN�NDEZ�
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CARMONAetal.,2006;HINOJOSAetal.,2010）.In

the waters surrounding Japan, drifting

sargassaceousfucoidwithpositivebuoyancyis

the most common floating macrophyte

（YOSHIDA,1963;OHNO,1984;HIRATA etal.,

2001;KOMATSUetal.,2007）.

Afterbuoyantmacrophyteslosepositive

buoyancy,theysinktotheseaflooratvelocities

of119�160m h
－1（inthecaseofsargassaceous

fucoid）（SCHOENER andROWE,1970;JOHNSON

andRICHARDSON,1977;MIKAMI,2007）and98�
120m h－1 in the seagrass species Zostera

caulescensMiki（author・sunpubl.data）.Con-

sequently,sinkingmacrophyteraftsmayreach

depthsofabout2500minoneday.

Clumpsofsargassaceousfucoiddebrishave

been photographed in abyssal waters

（SCHOENER andROWE,1970）.Severalphoto-

graphicsurveysusingROVshavefoundma-

rinemacrophytedebrisaggregatedinconcave

areasoftheseafloorsuchasoceanbasinsand

submarinecanyons,wherebenthicmaterialcan

easilyaccumulate（TORBEN,1976;SMITH,1978;

LOWSON etal.,1993;HARROLD etal,1998;

VETTER andDAYTON,1999）. Non�buoyant

macrophytessuch asEckloniopsis radicosa

（Kjellman） Okamura,Undaria pinnatifida

（Harvey）Suringar,andUndariaundarioides

（Yendo）Okamurahavebeenfoundonthe

slopesofsteepsubmarinevalleysatdepthsof

200�400m offthecoastofSurugaBay,Japan

（TAKAIetal.,2010）.

We suggest that buoyant macrophytes

transportedoffshorebysurfacecurrentswill

eventuallysinkandbecomewidelydistributed

on the ocean floor, while non�buoyant

macrophytesheavierthan seawaterwillbe

transportedbybottomcurrentsandgravityto

offshoreseafloors.

Hokkaido,themostnorthernmajorislandof

Japan,isinthesubarcticNorthPacificOcean.

Non�buoyantmacrophytespeciesofkelpoccur

inthiscoldwaterregion.Somecoldwaterspe-

ciesofbuoyantmacrophyte,seagrassand

sargassaceous fucoid,are also distributed

aroundtheisland.IKEHARA（2004）observed

sargassaceous fucoid of Cystoseira hako-

datensis（Yendo）Fensholtfloatinginthewa-

tersoffshorefromsouthernHokkaido（inthe

presentstudy,C.hakodatensiswasincludedin

sargassaceousfucoidforsimplicity,following

HIRATAetal.,2001）.

Non�buoyantkelpspeciesthatgrowinshore

aroundHokkaidomaybetransportedtooff-

shoreseafloorswhentheirbladeserode.Buoy-

antmacrophytessuchassargassaceousfucoid

mayeventuallysinktooffshoreseafloorswhen

theirgasbladdersdeflateandlosetheirposi-

tivebuoyancy.Todeterminethefatesofnon�
buoyantandbuoyantmacrophytes,wecon-

ductedafieldsurveyoffshorefrom Hokkaido

searchingforfragmentsofmacrophytedebris

onthedeep�seafloor.

Bottomtrawlingwasusedtosurveythecon-

tinentalshelfandthecontinentalslopebetween

depthsof330and920m,atdistancesapproxi-

mately10�60km offshorefrom thesoutheast-

erncoastofHokkaido.Bottomtrawlnetshave

awidenetmouththatenablescollectionof

samplesontheflatseafloors.Hence,thisgear

iscommonlyusedforefficientsamplingofdeep

benthic organisms（SPENGLER and COSTA,

2008）.Substantialamountsofmarinedebris

arefrequently broughtto thesurfaceas

bycatchinbottom trawlnets（PRENA etal.,

1999;PROBERTetal.,1997）.

Anestimateofthecatchefficiencyofsam-

pling gear is crucial in calculations of

macrophytebiomassontheoceanfloor.We

usedtwodifferentprocedurestoestimatethe

catchefficiencyofthebottom trawlnetand

thenproceededwithbiomasscalculations.We

alsodeterminedtheproportionsofnon�buoy-

ant and buoyant species in the seafloor

macrophytedebrisaccumulations.

MaterialsandMethods

Bottomtrawling

Weconductedsystematicsurveyssoutheast

ofHokkaidofromJunetoJuly2008usingthe

R/V Wakataka�marubelongingtoTohoku

NationalFisheriesResearchInstitute.Wesam-

pledthewatersofthecontinentalshelfand

slopebytrawlstowedatdepthsof330�920mat

24stations（Fig.1）.Thebottomtrawlnethad

awingspreadofabout20m,a27.4mheadrope,

anda38m groundrope.Thenetwasrigged

withbridlesandotterwindows.Acylindrical

rubberbobbinwithadiameterof150mm and

steelsinkerswereattachedtothegroundrope.
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Thebottomtrawlnetwascomposedofatwo�
layeredstructure,eachlayerwithadifferent

meshsize:50mmfortheinnernet,and8mmfor

theouternet.Themeantowingtimefrom

landingonthebottom toliftingthenetfrom

thebottom was20minatspeedsof2.5to3.5

knots.Everyobjectcapturedinthebottom

trawlwascarefullyinvestigatedandanalyzed

immediatelyonboard.

Sampletreatment

Samplescollectedbybottom trawlingmay

includefloatingmacrophytesthatarecaught

duringtheascentordescentofthenet.Todis-

tinguishbetweenmacrophytedebrisfrom the

seafloorandfloatingmacrophytes,therelative

densitiesofthesamplesinrelationtoseawater

wereexaminedonboardasfollows.Macro-

phytesampleswereimmediatelytransported

toatankfilledwithsurfaceseawater.Samples

thatwereheavierthanthewaterwereclassi-

fiedasmacrophytedebrisobtainedfrom the

seafloor,whilethosethatwerelighterwere

classified asbuoyantmacrophytesand ex-

cludedfromtheanalysis.

Macrophytedebriswasweighed,identifiedto

species,andpreservedinafreezerat－40℃.All

sampleswerephotographed with a digital

cameratorecordcolors,andtheimageswere

usedtoverifyspeciesidentifications.

Estimationoftrawlcatchefficiency

Thecatchefficiencyofthebottomtrawlnet

formacrophytedebriswasexaminedbytwo

procedures:a・frame�trawlexperiment・and

an・extra�netexperiment.・

Frame�trawlexperiment

Anexperimentalframe�trawlnetwasde-

ployedusingthesamegroundropeasusedon

theactualbottom trawlnet（Fig.2）.Two

videocameras（Panasonic，DMC�FT1）were

mountedonthecenteroftheupperpartofthe

frametrawlmouthandwereorientedtoview

theentirelengthofthegroundrope.

Sargassumhorneri（Turner）C.Agardhwas

usedfortheexperiment.Itwasfreshlyhar-

vestedfrom thesargassaceousfucoidbedin

FunakoshiBay,northeasternJapan,on8July

2009.WeconvertedS.horneritodebrisbyre-

movingalloftheairbladders,thuseliminating

positivebuoyancy.TwohundredS.horneride-

brisfragmentsof50geachwerepreparedand

randomlysubmergedonasandyseafloorina

20m squareexperimentalareainFunakoshi

Bayatadepthof15m（thecenterofthe
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Fig.1.Researchareaandmacrophytedebriscollectionsites.Locationsofbottomtrawlcastsinrelationto
bathymetriccontours（m）.Bathymetricdepthsareshownbyagrayscale,withdarkercolorindicating
greaterdepth.Eachtrawltowisrepresentedbyacircleplottedatthemidpointofdeployment.Black
scalebar＝50km.



experimentalareawasat39�23.0・N,141�56.5・

E）.FragmentsofS.horneriwerecollectedwith

theexperimentalframe�trawlnetandimages

ofthegroundropewerecapturedbyvideocam-

eras.Alltrawlsweretowedataspeedof2.0

knots.

Usingthevideoimages,wecountedthenum-

ber ofS.hornerifragments that passed

throughthemouthoftheframe�trawlineach

tow.Wecalculatedtheefficiencyofthebottom

trawlnetbycomparingthenumbersofS.

horneripassingthroughthemouthandthe

numbersoffragmentscaughtinthenet.Sandy

substratum dominatedboththeexperimental

siteandthelocationswhereweperformedthe

bottomtrawlsurveys.

Extra�netexperiment

Themacrophytedebriscatchefficiencyofthe

bottomtrawlnetwasalsoexaminedin23sam-

plingtowsinwatersoffthePacificcoastof

northeasternJapanatbottom depthsof150�
450mduringApril2010.Trawlsweredeployed

from theT/V Tanshu�maru belonging to

KasumiSeniorHighSchool,HyogoPrefecture.

Theexteriorofthenetwascoveredbyanextra

netwithan8mmmeshandachaingroundrope

（Fig.3）.Assumingthatthecatchefficiency

（E）oftheextranetwas100％,weestimated

theefficiencyofthebottomtrawlnetbycom-

paringthemassesofmacrophytedebriscaught

bytheregularandextranets,expressedasthe

ratioofcatchinthetrawlnet（TN）andcatch

intheextranet（EN）foreachtow:E＝TN/

（TN＋EN）.Themeantowingdurationwas10

minandtowingspeedswerethoseusedinthe

normalbottom trawlingsurvey（2.5to3.5

knots）.

Estimationofbiomassdensity

Toestimatethedensityofmacrophytede-

bris,thewetweightofeachcatchwasdivided

bytheareasweptineachtow（followingcalcu-

lationproceduresofKITAGAWA andHATTORI,

1998）.Thewingspreadofthebottomtrawlnet

wasmeasuredwithanotterrecorder（Furuno,

CN�22A）10minbeforeascentofthenetfrom

theseafloor.DifferentialGPSwasusedtocal-

culatetowingdistance.Tomeasurethedura-

tion ofeach tow,thetimeswhen thenet
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Fig.2.Imageshowingtheframe�trawlnetusedintheexperimentalcatchefficiencytestofthebottom
trawlnet.Theground�ropeofthisnetwasidenticaltothatusedintheactualbottom�trawlnetassem-
bly.Blackscalebar＝50cm.



reachedandleftthebottom weredetermined

acousticallyusinganet�mountedprobeat-

tachedtotheheadrope.Basedonthemeasured

wingspreadandtowingdistance,theswept

areawascalculated（mean±SD）as0.025km－2

±0.009km2.ThebiomassdensityD（mgwet

weightm－2）ofeachtowinglocationwasesti-

matedasfollows:

D・
W

A×E
（1）

whereAandW arethesweptareaandthewet

weightsofmacrophytedebrissamplescollected

fromeachtowinglocation,respectively.Tocor-

rectbiomassdensityestimations,thecalcu-

latedW/Awasmultipliedbythereciprocalof

experimentalcatchefficiencyE.

Results

Marinemacrophytedebris

Marine macrophyte debris was collected

from awideareaofthecontinentalshelf

andgentleslopeinthestudyarea.Eleven

speciesofseagrassesandseaweeds（brownand

………………………………
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Fig.3.Schematicoftheextra�netusedinthebottom�trawlnetcatchefficiencyexperiment.Theexperimen-
talextra�netwithachaingroundropeenvelopedthebottom�trawlnet.

Table1.Marinemacrophytespeciesnettedinthesurveytrawlsmeasuredintermsofwetweightandfrequen-
ciesofoccurrence.Thespeciesarelistedindecreasingorderofweight.Catchefficiencyofthebottom
trawlnetwasnottakenintoconsideration.Numbersinparenthesesarefrequenciesofoccurrence.
Totalnumberofhaulsandareassampledbythebottomtrawlnetwere24and0.60km2,respectively.

types speciesname
wetweight（g）

（numberofoccurrence）

seagrass
ZosteramarinaLinnaeus
PhyllospadixiwatensisMakino 372（17）

seaweed

sargassaceous
fucoid

Cystoseirahakodatensis（Yendo）Fensholt
Sargassumhorneri（Turner）C.Agardh
Sargassumsiliquastrum（Turner）C.Agardh
Sargassummuticum（Yendo）Fensholt
Sargassum sp.

2292（12）
595（3）
34（1）
23（1）
18（1）

kelp
Arthrothamnusbifidus（Gmelin）Ruprecht
Costariacostata（C.Agardh）Saunders

6500（1）
250（3）

otheralgae
CoilodesmejaponicaYamada
Petaloniabinghamiae（J.Agardh）Vinogradova
PtilotafilicinaJ.Agardh

7（2）
4（1）
6（1）



red algae） were collected（Table 1）.The

most abundant was sargassaceous fucoid.

Amongthespeciesofsargassaceousfucoid,C.

hakodatensiswasdominantinthewetbiomass

（Fig.4,A）.Cystoseirahakodatensisoccurs

onlyinnorthernregionsofJapan,mainly

aroundHokkaido（YOSHIDA,1963;YOSHIDA,

1984）.Twoseagrassspecies,Zosteramarina

LinnaeusandPhyllospadixiwatensisMakino

werealsocommon（Fig.4,B）.Twokelpspe-

cies, Arthrothamnus bifidus （Gmelin）

RuprechtandCostariacostata（C.Agardh）

Saunders,werefound.Alarge6500gfragment

ofA.bifidusdebriswassampledatabottom

depthof770m（42�17.38・N,143�54.88・E）

（Fig.4,C）.Mostofthesargassaceousfucoid

samplesappearedfresh,whereasmostofthe

seagrasseswerediscolored（black）andap-

pearedtobeold.

Sargassaceousfucoidoccurredin14ofthe24

tows.Thefrequenciesofkelpandseagrassoc-

currencewere4and17of24tows,respectively.

Thequantityofseagrasscollectedwassmall,

whiletheirfrequencyofoccurrencewashigh.

Catchefficiencyofbottomtrawling

Frame�trawlexperiment

Invideoimages,S.hornerifragmentswere

seentoescapeentrapmentbythegroundrope

ofexperimentalframetrawl（Fig.5）.Compar-

ingtheamountofS.horneripassingthrough

themouthwiththeamountcaughtinthenet,

wecalculatedacatchefficiencyof19％（N＝5,

SD＝14.0）.

Extra�netexperiment

In10of23tows,fragmentsofS.horneride-

briswerecaughtineithertheregularorextra

nets.In4of23tows,S.horneriwascaughtin

・both・netsatthesametimeandthecatcheffi-

ciencywasestimatedas14.5％（N＝4,SD＝7.3）

（Table2）.Othertypesofmacrophytedebris

werenotnettedduringtheexperiments.

Biomassestimationsofmarinemacrophyte

debris

Thecatchefficienciesestimatedfrom the

frame�trawlandextra�netexperimentswere

similarat19％ and14.5％,respectively.The

similarestimatesbasedontwoquitedifferent

approachesconvincedusthatourcalculations
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Fig.4.Examplesoffrequentlycollectedmarinemacrophytedebris.FreshsampleofCystoseirahakodatensi
（A）collectedfromabottomdepthof880mat41�50.00・N,143�53.26・E.（B）Seagrass（amixofZostera
marinaandPhyllospadixiwatensis）collectedfromabottomdepthof330mat42�3.47・N,143�41.07・E.
Mostseagrassbladeswerediscolored（darkgreenorblack）andwerepresumedtobedead.（C）Kelp
species（Arthrothamnusbifidus）collectedfrom abottom depthof770m at42�17.38・N,143�54.88・E.
Blackscalebar＝5cm.



ofcatchefficiencyweresuitableforbiomasses-

timation.Weaveragedthetwoestimatesand

obtained16.7％ forthecatchefficiencyofthe

bottomtrawl.

Thiscatchefficiencywasappliedtoallother

samplestoadjustbiomassdensities,exceptfor

kelp which wasalwayscollected in large

clumps.Becausethelargekelpclumpswould

notpassreadilybeneaththebottomtrawl,we

used a catch efficiency of100％ forkelp

biomassestimation.

Wecalculatedtheaveragebiomassdensityof
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Fig.5.Videoimageshowingtheframe�trawlnetgroundropeandS.hornerifragmentsinfrontofitduring
theframe�trawlexperiment.Blackscalebar＝10cm.

Table2.Catchefficiencyofmarinemacrophytefragments（Sargassumhorneri）capturedwiththebottomtrawl
net,estimatedfromexperimentaltrawlswithanextranetdeployedoutsideofthemainnet.Thetotal
catchbythemainnetwasdividedbythecatchoftheextranet.

Location
Depth
operated
（m）

Totalcatchby
thebotton

trawlnet（TN）（g）

Totalcatchbythe
extranet（EN）（g）

Catchefficiency（％）
TN/（TN＋EN）

1 38�25.8・N 141�59.7・E 350 10 80 11.1

2 38�55.6・N 142�5.4・E 350 20 110 15.4

3 38�24.9・N 142�3.4・E 450 3 38 7.3

4 38�24.9・N 142�3.4・E 450 9 28 24.3

14.5± 7.3*
*Averagebottomtrawlnetcatchefficiency±SD
SD:Standarddeviation



totalmacrophytedebrisas50.0mgwetweight

m－2（N＝24,SD＝67.0）acrosstheentirestudy

area.Thetotalbiomassinthesurveyareawas

composedmainlyofspeciesofsargassaceous

fucoid,kelp,seagrass,andotherbrownandred

algaeinrankorder.Theaveragebiomassden-

sityofsargassaceousfucoidwas35.0mgwet

weight m－2（N＝24,SD＝52.9）（Table 3）.

SargassaceousfucoidwasmadeupwithC.

hakodatensis,S.horneri,and ・other・sar-

gassaceousspecies,constitutingof77％,20％,

and3％,respectively.Theaveragebiomass

densityofkelpandseagrasswere11.0mgwet

weightm－2（N＝24,SD＝51.0）and3.9mgwet

weightm－2（N＝24,SD＝7.6）,respectively.

Thedistributionofmacrophytedebrisonthe

seafloorisshowninFigure6.Thefrequently

collectedsargassaceousfucoidandseagrass

werewidelydistributedandtherewerenodis-

cernibletrendsintheirspatialdistributionpat-

ternswithinthesurveyarea.

Carbonbiomassofsargassaceousfucoid

Thedryweightofsargassaceousfucoidis

Lamer50,201218

Fig.6.Densitydistributionsofmacrophytedebris（mgwetweightm－2）.（A）Distributionofsargassaceous
fucoiddebris.（B）Distributionofkelpdebris.（C）Distributionofseagrassdebris.Biomassdensityat
eachstationisindicatedbythesizeofthecircles.



generallyapproximately20％ ofwetweight

（TANIGUCHI,1998;ITOetal.,2009）.Thecarbon

contentofsargassaceousfucoidisabout30％of

itsdryweight（YOSHIDA etal.,2001）.Using

theseratios,weestimatedthecarbonbiomass

ofsargassaceousfucoidfromthewetmassesof

samplescollectedinoursurveyarea.Theaver-

agebiomassdensityofsargassaceousfucoid

（35.0mgwetweightm－2）isequivalenttoacar-

bonbiomassof2.1mgCm－2.Theaveragecar-

bonbiomassofsargassaceousfucoidineachof

threebottomlayerwascalculated（Fig.7）.The

averagecarbonbiomasswashighinthebottom

layersdeeperthan500m.

Discussion

Bottomtrawlingisamongthemostefficient

methodsforsamplingorganismsontheocean

floor（SPENGLER andCOSTA,2008）.Weused

thismethodandsuccessfullyobtainedsamples

ofmacrophytedebrisfromtheseafloor.How-

ever,thecatchefficiencyofabottomtrawlnet

isnot100％.Thus,thecatchefficiencywasesti-

matedthroughtwodifferentprocedures.
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Table3.Biomassdensity（mgwetweightm－2）ofsargassaceousfucoid,kelpandseagrasscalculatedfromthees-
timatedcatchefficiencyandthebottomtrawloperation.*Catchefficiencyof100%wasappliedtocalculate
thekelpbiomassdensity.

samplingpoint bottom

depth

swept

area

（A）

2008Spring

latitude（N） longitude（E） sargassaceousfucoid kelp seagrass

deg min. deg. min. （m） （km2）

catch

efficiency

（E）

wet

weight

（W）

（g）

density

W/（E×A）

（mgwet

weight

m－2）

catch

effi-

ciency

（E）*

wet

weight

（W）

（g）

density

W/（E×A）

（mgwet

weight

m－2）

catch

effi-

ciency

（E）

wet

weight

（W）

（g）

density

W/（E×A）

（mgwet

weight

m－2）

42

42

42

42

42

42

42

42

42

42

42

42

42

42

42

42

41

41

41

41

41

41

41

41

48.70

47.91

40.42

39.57

43.92

42.92

39.68

37.57

27.31

29.69

20.10

17.96

3.47

17.97

16.75

17.38

48.23

48.82

48.02

50.00

46.80

48.23

44.79

44.01

145

145

144

144

144

144

144

144

143

143

143

144

143

143

143

143

143

143

143

143

142

142

142

142

18.65

18.85

51.78

33.15

23.33

23.18

21.99

23.61

54.12

58.39

57.94

1.23

41.07

46.67

47.49

54.88

44.55

47.28

48.99

53.26

47.44

46.64

44.86

38.09

480

600

390

500

450

540

780

880

340

440

720

880

330

500

570

770

450

580

650

880

550

570

770

920

0.025

0.016

0.016

0.025

0.038

0.027

0.021

0.021

0.024

0.028

0.016

0.014

0.035

0.026

0.034

0.026

0.048

0.047

0.027

0.012

0.016

0.024

0.021

0.016

0.167

0.167

0.167

0.167

0.167

0.167

0.167

0.167

0.167

0.167

0.167

0.167

0.167

0.167

0.167

0.167

0.167

0.167

0.167

0.167

0.167

0.167

0.167

0.167

0

0

7

0

0

0

13

24

277

0

154

12

573

637

15

0

0

0

49

332

0

236

299

332

0.00

0.00

2.73

0.00

0.00

0.00

3.73

6.94

67.94

0.00

57.47

5.08

98.73

148.47

2.69

0.00

0.00

0.00

10.94

165.00

0.00

59.58

86.64

124.65

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

0

0

224

0

0
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0

0

0

0

0

0

0

0

0

6500

0

0

0

0

0
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0

0

0.00

0.00

14.33

0.00
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0.38

0.00
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0.68
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0.00

0.167

0.167

0.167

0.167

0.167

0.167

0.167

0.167

0.167

0.167

0.167
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0.167
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0.167

0.167

0

3

1

0

0

0
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11

8
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6

6

52

0

8

0

13

0

1

20

11

1

27

20

0.00

1.03

0.40

0.00

0.00

0.00

4.02

3.06

1.99

36.48

2.29

2.63

8.93

0.00

1.40

0.00

1.70

0.00

0.29

9.78

4.18

0.23

7.92

7.39

Average 123 35.02 281.26 11.05 15.50 3.90

Total 2961 6750 372



Thecatchefficiencyofthebottomtrawlnet

usedinthisstudyhadbeenestimatedprevi-

ouslyforsnowcrabChionoecetesopilio（FUJITA

etal.,2006）.Inthesnow crabstudy,the

ground�ropewasobservedwithanunderwater

videocameraattachedatthetrawlnetmouth

duringthetowingoperation.Thenumberof

crabscaughtinthenetandthenumberof

crabsapproachingtheground�ropewerecom-

pared,givingacatchefficiencyestimateof

13.0％.Averagecarapacewidthsofthesnow

crabsmeasuredduringtheexperimentwere

11.0cmformalesand6.8cmforfemales.Inour

・frame�trawlexperiment,・theobserveddi-

ametersofS.hornerifragmentsinseawater

wereabout10�30cm,andthecalculatedcatch

efficiency was16.7％.Thus,two kindsof

benthicorganism ofsimilarsizehadsimilar

catchefficiencieswiththesamenetgear,which

willallowsomedegreeofgeneralizationinfu-

turestudies.

Driftingmacrophyteswithpositivebuoy-

ancyarethemostabundantfloatingobjectson

theworld・soceans（THIELandGUTOW,2005）,

andthemostcommoninJapanesewatersare

speciesofsargassaceousfucoid（YOSHIDA,1963;

OHNO,1984;HIRATA etal.,2001;KOMATSU et

al.,2007）.Inourstudyarea,sargassaceous

fucoidcomposed70.0％ ofthetotalbiomassof

bottom samples.SargassaceousfucoidofC.

hakodatensiswasthemajormacrophytedebris

speciesoffsoutheasternHokkaido.Ourresults

agreewiththoseofIKEHARA（2004）,whore-

portedthisCystoseirafloatingintheoffshore

watersofsouthernHokkaido.Thespecimens

collectedinoursurveywerestillfresh,sug-

gestingthattheyhadsunktothebottom

shortlybeforecollection.Hence,sargassaceous

fucoiddriftingfromthecoastofsouthernHok-

kaidohadlostitsbuoyancyandsunktothe

offshoreseafloor.

Theprimaryorganiccarbonsourceforthe

oceanfloorisgenerallythoughttobesinking

particlesthatoriginatemainlyfrom phyto-

plankton in surfacewaters（JOSEFSON and

CONLEY,1997）.However,TORBEN（1975）re-

portedseveralphotographicsurveysconducted

offtheeastcoastoftheUSAandintheCarib-

beanSeashowingtheutilizationofseagrass

debrisbybenthicisopodsasasourceoffood

andshelteronthedeep�seafloor.Ourstudy

alsoindicatesthatmacrophytesaresuppliedto

the deep�sea floor off Hokkaido.Marine

macrophytestransportedfrom thecoastof

southernHokkaidomayplayanimportantrole

insupplyingorganiccarbontothesurround-

ingoffshoredeepocean.

Onthebasisofpublishedreportsofcarbon

contentratioofsargassaceousfucoid,weesti-

matedthat2.1mgC m－2 ofsargassaceous

fucoid derived carbon accumulated on the

seafloorthroughoutourstudysite.Thisvalue

wassimilartothebiomassofgiantkelp,

Macrocystispyrifera（Linnaeus）C.Agardh,on

thebottomofthecontinentalshelfoffCalifor-

niaUSA（0.5�10mgCm
－2）（HARROLDetal.,

1998）.Therefore,theamountofseaweed�de-

rivedcarbononthecontinentalshelfissimilar

offtheeastandwestPacificcoasts.Hence,

thereisaglobalpathwayoforganicmatter

transportfrom coastalwaterstothedeep

oceandrivenbydriftingmacrophytes.Thepre-

sentstudyrevealedanannualorganiccarbon

Lamer50,201220

Fig.7.Relationship between depth and carbon
biomassofsargassaceousfucoiddebris.Average
carbonbiomass（mgCm－2）wascalculatedfor
depthlayersof330�480,500�650,and720�920m.
Nvaluesarethenumbersofstations,whileerror
barsindicatethestandarddeviation.



pathwayfromtemperatecoastalwaterstothe

oceanfloorbelowtheeuphoticsurfaceocean,

drivenbynewlyrecruitedmacrophytesgrown

upeveryyear.Thisphenomenonprobablyalso

occursindriftingseaweedsinborealandtropi-

calwaters.Toelucidatethefateofmacrophyte

�derivedorganicmatterintheocean,weplan

furtherstudiesofmacrophytetransportfrom

thecoasttothedeepocean.
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