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ReJationships among bottom sediment，benthic fauna，and

SuSPended sediment concentration at a sandy shoreline，Hamana－ko

（Honshu，Japan）：JmpJicationsforsedimententrainment

Robert M．Ross and YoshikoIMADAl

Abstract：The relationships among sedimentary texture，SuSpended sediment concentration，

and benthic communlty Were analyzed from Shallow subtidalenvironments at Hamana Bay，

Japan．Meiofaunalcommunities of the upper Centimeter of the tx）ttOm Sediment are domi－

nated by nematOdes and harpactacoid copepOds；juvenile gastropods and bivalves，OStraCOdes，

and tardigrads arelocally abundant・Sessile andslow－mOVlngmObilemacrofaunaof the top

few centimeters of bottom sediment are dominated by polychaetes and the gastropod
LhnbonhLm mOnil的rum，allof which are quite variablein distribution．Both macrofaunal
and meiofaunalcommunlty COmPOSition are moderately correlated with sedimentary texture

and depth．Sedimentin alllocationsanalyzed was fine to medium sand，With mud concentra－

tionsless than3％of the sample by weight．

Suspended sediment concentrations（SSC）Varied over two orders of magnitude，from3．7

to152・5mg／B・SSC does not correlate statistically significantly with anyindividual vari－

able，butis t光St related to biotic components such as nematode abundance and mobile

macrofaunalabundance．Thereis a relatively strong relationship between SSC and the first

axes of prlnCIPal components analyses of the biotic assemblages and the sedimentary tex－

turalproperties，eVenindependent of current conditions at the time of collection．Thatis，

alinear combination of the biotic and sedimentary variables representing a highperCentage
Of variabilityin thedata provides the best predictor of SSC．Generally，Samples with few

mobile epifauna，large numtxBrS Of polychaete tubes，andlarge numbers of nematodes（which

may producelarge quantities of organic exudates）are associated withlower SSC，While the

highest SSC values are foundin areas with relativelylarge numbers of mobile macro－
bnthos．

Key Words：SuSpended sediment concentration，Sediment entrainment，Sediment erosion，
Hamana－ko，animal－Sediment relationships，benthos

lNTRODUCT10N

Itis well－known that t光nthic organisms affect

the sedimentary properties of the substratein

Which and upon which theylive，and thatin turn

Sediment properties affect the sort of organisms

that can successfully colonizeit（e，g．，SANDERS

1958，McCALL＆TEVESZ1982，NowELL et al．1981，
JUMARS＆NowELL1984，AMOS et al．1992）．Biota

may stabilize sediment by excretions that bind sedi－

mentary particles，Or destibilize sediments byin－

CreaSlng WaterCOntent，1nCreaSlng bottom roughness，
Or breaking physical or organic bonds between sedi－

mentary grains（FEATHERSTONE　＆　RISK1977，
RHOADS et al．1978，LEE　＆　ScHWARTZ1980，
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EcKMAN et al．1981，GRANT et al．1982）．One of

the most fundamental properties of sedimentisits

Stabilityin the face of currenL flow，i，e．，its

entrainability or erodibility，and a considerablelit－

erature exists concernlngltS meaSurement With re－

SpeCt tO physicalfactors such as grain size，Current

Strength，Water COntent，mineralogy of the sedi－

ment，and water content（e．g．，HJULSTRt5M1935，
MILLER et al．1977，YALIN1977，MEHTA1986，
1989，MAA1992）．However，the feedback relation－
Ships between organisms and entrainability are

POOrly understood．　Understanding these relation－

Ships will haveimplications both for understanding

naturalecologlCalprocesses and for theinfluence of

human disturbancein coastal areas（RHOADS　＆

Institute ofGeosciences，SchoolofScience，Shizuoka Universlty，8360ya，Shizuoka，422Japan，
lpresent address：Oshika400－2，Shizuoka，422Japan．
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BoYER1982）．

A number of authors have attempted to quan－

tify the relationships between erosion and benthos

by creatlng eXperlmentSin which the bottom veloc－

ltyis controlled．Several studies have observed

Organism－erOSion relationships uslng laboratory

flumes，uSlng either a block of natural sedi－

ment with the sediment－Waterinterface preserved

（GRANT et al．1982）or by defaunating the sedi一

ment and then observlng the effects of addingindi－

vidual taxa to the sediment（McCALL et al．in

Prep；DAVIS1993）．However，itisdifficult torecre－
ate the conditions of the fieldin thelaboratory

（YoUNG　＆　SoUTHARD1978，MAA et．al．1991），
i．e．，tO reCreate the sediment surface structure on

the scale of sedimentary grains，the natural biotic

COmmunities，the t光nthic boundarylayer flow struc－

ture，and the nature and distribution of organic

molecules．　Some studies been done using a flume

in sitein the field（e．g．，AMOS et al．1992，MAA
et al．1993，Ross＆IMADAin prep）．FlumeS，how－

ever，require agreat dealofequipment，making fre－

quent deployment and thus obtaining data from nu－

merous ecologlCal contexts difficult；further，One

Still risks artificially affectlng entrainment rates

（e．g．，during deployment of the flume or creation

of unnatural bottom flow structure）．

In this study we have measured the SSC at ran－

dom polntSin time and space，and contrasted the

measured SSC withlocal environmental variables．

We are unaware of any previous studies that have
searched for relationships among entrainment and

environmental variables uslng natural SSC values

andinformation on local bottom sediment and

biota．Thelackof previous studies on naturally oc－

currlnglevels of SSC with respect to biota may b

duelargely to theperCeptlOn thatitis difficult to

distlnguish the effccts ofindividual processes that

work together to create the observed SSC．We be－
lieveitis worthwhile toexplore the statisticalrela－

tionships among variables using natural data，and

to seek potentially causal relationships that could

then be tested under controlled conditions．

For thisstudy wechose20pointsessentially ran－

domlyin space and time to measure SSC and meas－

ured some of the variables that may explain varia－

tionsin SSC．The numbr of data pointsis not
large with respeCt tO the number of variablesinves－

tlgated，and the numbr of variablesinvestlgatedis
only a subset of those that may tx！important，but

the studyillustrates the sort of work that may en－

able an expansion of basic knowledge about sedi一

ment transport and aquatic benthos．The purpose

of this reportis：tO preSentintegrated sedimen－

tologlC and faunal data from the shoreline of

Hamana－ko；tO discuss strategleS and problemsin

measuringanimal－Sediment relationships andentrain－

abilityin natural　environments；and，uSlng the

dataof this study，tO SpeCulate briefly about some

possible biotic factors influenclng SuSpended

sediment concentration．

Reasoning and asSumPtions behind this study

We haveconcentratedupon datathat can b rela－

tively quickly taken，tO determine the feasibility of

identifying relationships amOngerOdibility and envi－

ronmentin natural environments，Without need of

extensive equlpment，perSOnnel，and time．In par－

ticular，We did not collect much data regarding the

veloclty Of the flowimplnglng On the bottom，Or

the recent history of this flow prlOr tO SamPling．

While the absence of flow data may make relation－

Ships among other environmental variablesless

clear，WePrOPOSe thatit willnot make their contri－

butions to SSC undecipherable．

Our presumptlOnis based upon theidea that a

faster current may erodelittle more than a slower

currentif both currents are below the critical veloc－

lty for most of the sediment．Moreover，the bot－
tom sediment grain sizeis roughly the sam．e

among the studied sites，thus thereislittle dif－

ferencein critical veloclty amOng the sites，

（e．g．，HJULSTRbM（1939）andlater studies），there－

fore differencesin SSC generally cannot be ascribed

to either variationsin mean grain size or to mean

water energy（attainment of criticalstress for the

particular grain size）．Hence other factors，SuCh

as subtle variationsin sediment cohesion，may af－

fect the amount of fines removed from sands，Or

biota may control the likelihood that high

entrainment OCCurS．

There are2critical assumptlOnSin the structure

of this study．Oneis that SSC can be used as an

estimator oflocal sediment erodibility；the second

is thatitis statistically plausible to use about20

POlntS Chosen randomlyln time and space toinfer

potential relationships among variables．Erodibility

is generally defined by either the erosion threshold，

i．e．，Critical current veloclty，at Which erosion be－

gins，Or the erosion rate（AMOS et al．1992）．
Though　related，the erosion threshold and erosion
rate are not the same，and one canimaglne CircumT

stances under which any onc typc of sediment may

haveinitiallyahighererosion threshold，While asec－
ond type　Of sediment，0Ver time under a certain

critical stress，yields a greater rate of erosion．

However，both of these are very difficult to meas－

ure under natural conditions．In our case，aSSum－

lng that settling veloclty Of the eroded sedimentis

highand／orthatcurrents quicklycarTy ayaylo－
cally entrained sediment（Without bringlnglnlarge

quantities of suspended material from elsewhere），

thesuspendedsedimentconcentration（SSC）・Which
is relatlVely easily measured，Should mirror the ero－

sion rate to a sufficient degree that SSC may be

used as a proxy for erosion rate．

Of course，SOme Caution must be used concern－

lng the extrapolation of suspended sediment concen－

tration tolocal entrainability．The veloclty needed



Animal－Sedimentrelationships，Hamana－ko

to keep a gralnin suspenSionis smaller than that

foritsinitial erosion．Since the settling velocity

Of the clay－Sized suspended sediment recovered from

Our filters may be hours or even days，nearly all

the suspended material may have floatedin from

dutside the fieldlocations，perhaps even directly

from rivers enterlng the bay．　Argulng agalnSt

thatis the verylarge small－SCale temPOrO－Spatial

Variabilityln the SSC；Sediment bing transported
OVer mOre than a few meters would be quickly

miⅩed to a temPOrO－SPatially homogeneous concen－

tration．However，thelowest concentrations meas－

ured may represent such a backgroundlevel from

allochthonous sources．

7セ77tPOral＆isolated uahLeS qF SSC：Thelogic be－

hind comparlng the SSC at randomly chosen polntS

in time tolearn about organism－Sediment relation－

Ships rests on the assumpt10nS that the median

SSC at different sites may vary and be measurable

and that temporally most SSC values at one site

hover relatively close to the median value－Closely

enoughthatif polntS are Selected at random from
the　2　sites，the sample with the higher SSC will
have morelikely come from the site with the

higher median SSC．

The suspended sediment（SS）observedin this

Study may not t光from the we11－SOrted fine to me－

dium Sand，butinstead from finer particles from

theinterstices of the sand．One can see this from

the median particle size of the SS collected on fil－

ters，and also from the observation that current ve－

locities are generally under the critical veloclty for

the sandy graln Sizes，but erosive for some part Of

the muddy and finest sand fractions．We make
the assumptlOn from observations of both direct

measurements and turbidometer recordings that

background SSCis■verylow and does not differ

greatly txBtWeen Sites，and cannot explainlarge

variationsin SSC．　Thus，the ma］Or difference

among sites will t治the susceptibility of mud－Sized

particles toenterinto suspension at very smallcur－

rent speeds or biotic sedimentary disturbance，With
occasional variations due to entrainment of sand－

Sized particles，　Mud particles will not act with
the high　cohesion that they doin mud－dominated
Sediments，and thus presumably have a muchlower

critical stress thanindicated by typICal Hjulstrdm－

type figures．The amount of erosion of such fines

may vary according to several conditions：the

amount of fines；the nature of fines　－　their ten－

dency to be bound aspellets or to b attached to

other grains by organic matter；the exposure of

fines to currents throughbioturbation；the surface
roughness；aCtive biologlCal transport；Or the de－
gree of activity of macrofauna．Mud suspenSion

will also t光affected byits settling rate，its ten－

dency to stick to other grains or to aggregate，Or

to stick to the bottom agalnif direct contactis

made through　turbulent flow（e．g．，SELF et al．
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1989，STOLZENBACH et al．1992）．

If we choose apoint at random from the tempO－

ral SSC curve at some site‘a’（equivalent to tak－

inざa SamPle at one site at Hamana－ko）and a
Plnt at random at another site‘b’，We hopethat

the probabilityis high　that the polnt from the
CurVe at‘a’willin fact b higher than at’b’．

Thelikelihood of this willincreaseif thelarger

erosional events resIX）nSible for most of the SSC

（l）are transitoryand（2）are not frequent with re－

SpeCt tO Sampling time，i．e．，that most sites are

wellinto the settling phase（past theinflection

POint of an exponentially declining temporal SSC

curve）after an erosion event．If the number of

eventsis fairly frequent with respeCt tO the sam－

plinglnterVal，then we must also consider that the

probability of finding SSC（a）＞SSC（b）is decreased

if the numbroferosionalevents（risesin shear ve－

locity，u＊，tO above the threshold stress）at‘b’is

muCh higher than at‘a’．It has been shown uslng

a turbidometer（Fig．1）that the high　SSCis a
Very tranSitory event；from video－Camera Observa－

tions some Of the so－Called“suspended”Sediment

during these transitory events may actually be un－

dergoing saltation．SSCis normally at a fairly uni－

formlevel，PreSumably the sum of’alowlevel of

allochthonous suspended sediment transportedinto

thelocal area and material remainlngln SuSPenSion

after alocaleroヲion“event”（generally a w？Ve）・
Based on observatlOnS from a continuously monltOr－

lng turbidometer，the number of eventsis small．

Thus，COnditions seem to be satisfied thatif

entrainability at some site‘a’is sufficientlylarger

than that at‘b，’we will seeitif we have a suffi－

Cientlylarge numbr of data points．We expect
the data to have a great deal of scatter，and thus

low correlations among variables，eVenifin nature

the relationships are tight，because of the tempo－
rally random nature With respect to u＊With which

the data were collected．

Observations at Hamana－ko

For this study we made preliminary observa－

tions of the relationships txtween sediment en－

trainment and txenthic communitiesin situ，in sha1－

low water sandy environments of a shallow brack－

ishlagoonal bay known as Hamana－ko．In this

Paper We rePOrt Simple emplrical relationships be－

tween the bnthic communlty，Sedimentary texture，

and suspended sediment concentration above the bot－

tom．This paper also provides a brief review of

SOme Of the factors relevant to organism－Sediment

relationshipsin sandy sediments．In alater report

（Ross＆IMADA，in prep），We Willdescribe the con－

StruCtion of a straight flume for usein the field

for controlling current veloclty for performlng eX－

perlmentS uPOn Sediment entrainability．
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Fig．l Turbidometer data，Showing voltage every sec－

ond for about15　minutes，reflecting su革pended sedi－

ment concentration（SSC）in ambient water．　The
data was taken at about15：20　to15：35　0n　28July
1994．　Note that suspended sediment concentration
peaks only during brief events，and quickly returns to
alowerlevel．The voltage was not properly cali－
brated to SSC，tlmS the actual magnitude of the SSC
is not shown．

Field Sites

We observed sediment entrainment and biotic as－

Semblages at Hamana－ko，literally translated from

Japanese，Lake Hamana．　Hamanais actually a

brackish－Water bay with a very narrow openlng tO
the Pacific Ocean on the central eastern coast of

Honshu，Japan（Fig．2）．The depth of the mouth

is only aboutl m deep，With a deeper canal for

boat traffic，Creating alagoon with water circula－

tion de匪ndentlargely on tidalflow．The waves at
Hamana－ko are gentler than those along the open

sea coast，making working conditions feasible．

The bay varies spatiallyinits salinlty and

water energy，and thusinits sedimentary and bi－

otic characteristics．The bay has a sandy bottom

near the shores along the half of Hamさna－ko clos－

est to theinlet；the central areas of the bay，and

upper reaches of the bay，have a mud bottom

（IKEYA＆HANDA1972，SANUKIDA＆　MATSUSHITA

1986）．The studies weperformed werein the sha1－
low subtidal andintertidal parts of sandy beaches

facing thelargest parts of the bay．The Hamana－

ko bottom environmentis slgnificantly modified by

aqulCulture，fishing and shell－fish collectlng，SWim－

mlng，and tx）ating．We made our observations at
threelocations that axe accessible by road vehicle，

and which vary slightlyin salinity，Sediment tex－
ture，biota，and frequency of human disturbance．
Thelocations will be referred to here aslocations

A，B，C，and D．

Locations A and B，at MarakushiGate，are just

east of a bridge connecting the“back”（north）of

the bay with theland splt that mostly closes the

mouth of the bay．The concrete stilts of the

bridge form q WaVe block from the center of the

bay so that sediments shoreward of the block（B）

are sightly finer than several tens of meters
downshore from the bridge（A）．This area has

Fjg・2　Map of Hamana－ko・The bay opens at the
southern end，between Arai and Maisaka，lntO the Pa－
cific Ocean．

abundant edible bivalves that are collected with a

rake－like tool atlow tide，thus thereis severe

human disturbance that occurs nearly daily，atlow

tide，along theintertidal part of the shoreline．

There had been，however，1ittle or no human distur－

bance since the previouslow tide at the times and

Sites sampled．In addition，mOtOrboats pass within

about50　m of the shore，increaslng WaVe energy

and throwlng up entrained sediment．

Location D，at Marakushi Beach，is a sand

bach several hundred meters furtherinto the bay

from site A．Itislikely frequently disturbedin

Summer by swimmers，but was disturtxed only

PatChily by wind surfers at the time of our study．

Location C，at Kanzanji Beach，is a sand beach to－

ward theinside of the bay，in front of a hotel．

This beachis frequently disturbedin summer，but

was probablylittle disturbed at the time of our

Study．Locations C and D may be strongly af－

fected by wavesinduccd by westcrly windsin win－

ter．

With one exceptlOn，all samples were taken

within a one－Weekperiod from250ctobr to2No－
vemt光r1994；the exceptlOnis one sample from

MurakushiGate fromJuly28．Most samples were
taken on　25　and　26　0ctober．　The others were

takenin association with aninsitu flume study，in－

dicated by the suffix“f”attached to sample num－

brs in the tables．　At Hamana－ko there is

SeaSOnalityln Water temperature and salinity，WaVe

conditions，Stratification of thelake，and fresh

Water and particulatelnput，and consequent effects

upon the biota andlikelihood of human activities．

Thus these results are particularly time dependent
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（cf．MAA1993）．OGURI（1995　MS）reviewed the
SeaSOnalityin sediment properties and sedimentary
flux toward the center of the basin．

METHODS　－　FIELD STUDIES

At each site suspended sediment concentration

and suspended sediment grain size distribution were

measured．In addition，five possible forclng factors

Were eStimated：depth，Water Veloclty，maCrOfauna，

meiofauna，and bottom sedimentgrain size distribu－

tion．Water temperature was measured uslng a
Standard mercury thermometer；Salinity was deter－

minedindirectly by measurlng Watet denslty uSlng

an Akanuma gravitometer and then factorlng Out

the effect of temperature．

Suspended sediment concentration was measured

by drawing50ml of waterinto a plastic syringe

With a mouth openlng Of3mm．Time for extrac－

tion of one sample was about20seconds．The sam－

ples were taken about5cm above the sediment sur－

face．The samples was brought back to thelabora－
toryln50ml bottles and filtered，and the filters

Were Weighed．

Suspended sediment concentration was also meas－

ured uslng an OPtlCal（infrared）backscatter

turbidometer（mOdel OBS－1，manufactured by the

D＆AInstrument Co．，Washington State，U．S．A．

［DowNING et al．1981，MAA et al．1992］，inte一

grated with software as the“Microlite”instrument

SyStem by Coastal Leaslng，Inc．，Massachusetts，

U．S．A．），　Which measured sediment concentration

continuously（once per second）by aninfraredlight
ray sensor．However，meChanical and calibration

problems made some of this data unreliable．

Suspended sediment grain size distribution was

estimated by cuttlnglcm squares from theinte－

rior of the filters（avoiding both the center．and
theedge，Which tend to have higher concentrat10nS）

and observlng them by scannlng electron micros－

COpy．A part of the filter was chosen at random

under the SEM，and grains at selectcd polntS along

a transect across the monitor were chosen for meas－

urement．Only grains with a maJOr aXislength

greater than O．5　FLm Were meaSured，bcause oth－
ers should have passed throughthe filter．
Water veloclty WaS meaSured by observlng the

movement of a black plastic bal15mmin diameter

hung from a nylon strlng under a clear acrylic

Stand，SuCh that he ball hung5cm above the bot－

tom（Fig．3）．　The ball density was slightly
greater than sea water，SO thatit sunkin still

Water but was highly sensitive to movlng Water．
The movement of the ball was recorded by placlng

an underwater video camera upon the top of the

acrylic stand，and video recording for about one

minute，COVerlng the time that the suspended sedi－

ment sample was taken．The relationship between

current velocity andmovement of the ballin ahori－

zontal field was determined emplrically by timlng
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Fig．3　Video－CameraSupPOrt、（a）Turbidometer（up・

紆鑓e霊b㌫悪霊e慧怒a蕊。£Sn器aaS呂琵0慧；
thatit sits about5cm above the bottom．The black

bead hanging from fishingline from the camera sup－

POrt WaS uSed to observe current flow and wave甲0－
tlOn．The pinwheel was alsointended for observlng
current flow．Thelonger rightlimb of the supportis
placedinto the sedimentfor stability．The video cam－
era housingis placed directly above the support，and
an underwaterlightis shone through the right side．

the speed of particles traveling across the field of

view．The“veloclty’’of the tidal flow was weak

during the experlment，but flow was also caused by

the circularorbitof waves；While this motionis dif－

ferent than that of a true current，it apparently

has similar erosional characteristics（NowELL　＆

JUMARS1987），andit was considered that the simi－

larityin water movement btween wave orbits and

currentsis sufficiently high　to obtain atleast a
qualitative estimation of the relationship between

water movement and sediment entrainment．Techni－

Cal difficulties with the video camera resultedin

Only　8　measurements of water movement．Itis

actually u＊　thatisimportant for sedimentary

processes at the sediment surface（e．g．，YALIN

1977）．u＊，however，is near1ylinearly related to ux
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Tablel Salinity and water temperature ofthe3loca－
tions．

血 at．K■l D ～te S■h ty W a tが【叩 tu e

も ℃

鵬′加LB h g aは 10／2 5／1 9 9 4

1 1／2／1 9 9 4

3 0．50 2 2．0

29 ．3 8 2 3．0

K jnヱanγおきCh 10′2 6／19 9 4 3 1．70 2 3．2

10／3 1／1 99 4 ～8．7 3 ～2．6

仙 r水 Ld h h X n 10／2 6／19 9 4 3 1．76 2 1．8

1 1／1／19 9 4 30 ．5－1 2 1．1

Table2　Water depth of the samples at each site．
Depth with respect to mean sealevelis a rough esti－
mate・LT＝low tide，HT＝hightide；plateau refers pe－

riod withinl hour，before and after，tidalextreme．

Loc8朋O n D■b

S■m Pk tlm ○○t

汀け■●ur●d　 ●Mh 鵬th

dopth “■P●ettO tldal

num ber l¶○○■ultlTl●n （cm ）　 H SL （cm 〉 8t8tO

M arakushi 94－07－28 A II 14：30 32　　　　 36 LT．戸ateau
Gale 94・10・25

94－11－02

A2 14：21 2　　　　　 0 LT，Plateau

A3 15：39 35　　　　 30 rising

A4 14：50 44　　　　 40 ng
A5 15 07 47　　　　 43

ng
A6 15 26 30　　　　 25 ng
．A 7 15：53 15　　　　　 9 ng
A8† 12 50 29　　　　 22 ng

U rdor 94－10・25 Bl 16 14 15　　　　　 8 ng
bridgo 82 16 22 22　　　　 15 9

83 16 33 38　　　　 31 g
Kanza叩 94－10・26

94・10－31

C l 11 47 40　　　　 36 t

I

†

I

HT．

ng
BeaCh C2 12 14 56　　　　 53

∩9
C3 12，36 6 1　　　　 59 ng
C4 12 56 65　　　　　 63

∩9
C5† 13 39 37　　　　 26 latoau

M arakUShi 94・10・26

94－11－01

D l 15：40 30　　　　 26

r

r

r

r

ng
Beach D2 16 02 37　　　　 33 g

D3 16 19 34　　　　 29 g

D4 16 32 15　　　　 10 g
、D5t 15 36 54　　　　 47 g

at a polnt Xin the benthic boundarylayer；Since

this studyis concerned merely withidentifying（po－

tentially causative）correlations among variables，

We Simple use uxinstead of u＊in our analyses．

Depth was measured uslng a meter Stick at the

time of sampling（Table2）．Depth with respeCt

tolocalmeansealevelwasestimated bylinearlyin－

terpolatlng between tidal extremes．　Tides at

KanzanJl are delayed about2　hours from those of

the open OCean arOund Maisaka，and tides at

Murakushi are delayed about90minutes（NoNAKA

et al．1973）．AIso，the magnitude of the tidal

range within Hamana－kois considerably damped，tO

roughly25to30％of the open－OC？an．range・Be－
CauSe Of uncertaintiesin the exact tlmlng and mag－

nitude of tidal ranges at our sites，eStimates of

depth with respeCt tO mean Sealevel are only ap－

proximate，but are probably within±10cm．All

Sites were subtidal，less thanl m deep．

Sediment at each site was cored uslng a Plastic

（PVC）corer4・4cmindiameter・ThecoreTaSdi－
Videdinto half cm sectionsin the top centlmeter，

and dividedinto one centimeter sections down to

five centimeters．　This sediment was fixed in

formalin at the site，and changed to alcohol and

Stained with rose bngalin thelaboratory．
The first half centimeter was used for the

meiofaunal and grain size analyses．This sediment

was first wet sieved over a O．063mm sieve．The

Water reSidue，COntaining particles　63FLm，WaS

SaVed；its volume was measured，it was well

mixed，and approximately one halfliter was re－

moved and filtered over a O．45pm filter．　The

mud remainlng On the filter was weighed，and the

Weight was divided by the fraction of the water
residue volume that had been filtered，in order to

find the totalweight of mudin the sample．
To extract meiofauna from the sediment，Sandy

Sediment WaS pOuredinto alliter graduated cylin－

der filled with tap water・The mixture was tlPped

upside down several times，andless dense material

WaSimmediately decantedinto the　63FLm Sieve

and then pouredinto an acrylic tray for observa－

tion．　This process was repeated several times．

The meiofauna，foraminifera，diatoms，and biologic

Shell debris were counted andindentified to the

Class or phylumlevel．After observation，the de－

Canted residue was storedin alcohol．

The sand－Sized sediment was dried and passed

throughsieves ofl，0．5，0．25，0．125，and O．063mm
and each size fraction weighed．

The macrofauna datais only seml－quantitative，

in that the depth and weight of the samples were
not measured，but were estimated by eye．

Macrofaunal denslty WaS eStimated by submerglng

a garden trowel（semi－horizontally）to a sediment

depth of about　3cm and washing this heaplng

trowelful of sediment over a1．44mm sieve．　At

most sites three trowel samples were taken；the

data represents the average number of macrofauna

and tubes containedin the samples．At the4“f”

Sites，10samples were taken，from the site to3m

OCeanWard of the site．The summarized data for

this site represents a weighted average，the weights
inversely proportional to the distance from the site

（for example，thelOth sample，farthest from the

Site・．COuntSl／10ththatofthesampledirectlyat

the slte）．The numbr of empty Shells and amount
Of shelldebris and other gravel were also recorded．

All material recoveredin the sieve wasidentified

in the field andimmediately returned to Lhe water．

Rapidly moving macrofauna such as decapod

CruStaCeanS Were frequently observed near the

Strandline，but were not seen within the sampling

sites and not recorded．　A mOderate number of

Smallholothurians were present at Kanzanji Beach，

but were not within our areaof sampling．

Results：Physical measurements

Suspended sediment concentrations vary over

nearly two orders of magnitude，from3．7　to1525

mg／旬　and vary greatly even at sites from the

samelocation（Table9）．The variationin concen－

trationis as much a function of timing as of
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Table3　Grain size distribution and descriptive statistics of the top O．5cm bottom sediment at each site．

25

L o¢at10 n D ate

Sam ple G rain ＄lze A ve m 90 81Ze M od la n 8 1zo

S o州n g　 Sb W n●●＄　K u 1108lsnu m ber ＜0 0 （％） 0－1 8 （％）ト2 8 （％）2－3くさ（％）3－4 0 （うら）＞4 0 （％） O　　　　　　 m m 8　　　　　　 m m

M arakushiG ate 94－07－28 A lI 0．00　　　 1．4 7　　　 3 9．34　　　 55．88　　　 3．03　　　　 0．2 8 2．11　　　 0．23 2．2　　　　 0．2 2 0．84　　　　 －0，16　　　　 0，94

9 4－10－25

94・11－02

A 2 0．00　　　　 2．9 8　　　 60．99　　　 35．2 1　　　 0．33　　　　 0，50 1．84　　　　 0．28 1．7　　　　 0．3 1 0．82　　　　 0．10　　　　 0．82

A 3 0．00　　　　 2．2 9　　　 4 6．86　　　 48．00　　　 1．14　　　 1．7 1 2．03　　　　 0．24 2．0　　　　 0．25 0．鱒　　　 0．00　　　 0・82

A 4 0，3 5　　　　 2．45　　　 4 7．90　　　 45．80　　　 1．75　　　 1ニ75 2．01　　　 0，25 2．0　　　　 0．25 0．86　　　　 0，03　　　 1．16

A 5 0．00　　　　 2．10　　　 44．76　　　 48．95　　　 2．10　　　　 2．10 2．07　　　　 0．24 2．1　　　　 0．23 0．86　　　　 －0．11　　　 1．09

A 6 0．00　　　 1．49　　　 47，76　　　 46．27　　　　 2．99　　　 1．49 2．05　　　　 0．24 2．0　　　　 0．25 0．86　　　 ・0．06　　　　 1．09

A 7 0．00　　　　 2．94　　　 62．30　　　 34．49　　　 0．27　　　　 0．00 1．82　　　　 0．28 1．8　　　　 0．29 0．83　　　　 0．03　　　　 0．88

A 8f 0，00　　　　 3．23　　　 5 1．87　　　 41．33　　　 0．85　　　　 2．72 1．98　　　　 0．25 1．9　　　　 0．27 0．88　　　　 0．12　　　 1．3 1

U nde「brid9e 94－10－25 B l 0，00　　　　 0，52　　　　 5．15　　　　 82．47　　　 10．82　　　 1．03 2．5 7　　　　 0．17 2．8　　　　　 0．14 0．93　　　　 －0．38　　　　 1．54

B2 0．00　　　　 2，00　　　 34．67　　　 57．00　　　 4．33　　　　 2，00 2．20　　　　 0，22 2．2　　　　 0＿22 0．83　　　　 0．00　　　　 0．92

B3 0．00　　　　 0．92　　　 26．73　　　 65．44　　　 4．61　　　 2．30 2．3 1　　　 0．20 2．3　　　　 0．20 0．84　　　　 0．0 3　　　　 0．87

9 4 ・1 0－25

9 4・1 0－3 1

C l 0．0 0　　　　 0．0 0　　　　 3 ．3 5　　　　 53 ．7 0　　　 ′4 2 ．7 8　　　　 0．1 8 2．9 0　　　　 0．1 3 1．9　　　　　 0 ．2 7 0．8 1　　　　 0．3 4　　　　 0 ．8 7

C 2 0．4 9　　　 1．4 8　　　　 4 ．9 3　　　 8 1．2 8　　 1 1．8 2　　　 0．0 0 2 ．5 2　　　　 0．1 7 2 ．8　　　　 0 ．1 4 0 ．9 3　　　 ・0 ．4 2　　　 1．4 3

C 3 0．0 0　　　　 0．5 1　　 1 0．7 1　　 8 1．1 2　　　 7．6 5　　　　 0．0 0 2 ．4 6　　　　 0．18 2 ．6　　　　 0 ．1 6 0 ．9 1　　　 －0 ．2 7　　　 1．1 5

C 4 0．0 0　　　　 0．6 0　　　　 6．2 7　　　 7 7．3 1　　 1 5，2 2　　　　 0．6 0 2 ．5 9　　　　 0．17 2 ．8　　　　 0．1 4 0 ．9 1　　　 ・0 ．4 2　　　 1．2 3

C 5 f 0．7 6　　　　 2．4 2　　　 3 8 ．6 7　　　 5 5．74　　　 2 14 2　　　　 0．0 0 ，　 2 ．0 7　　　 0・2 4 2．1　　　　 0．2 3 0 ．9 1　　 ・0 ．0 4　　　 1．3 3

M a ra k u sh iB e a c h 9 4－1 0－2 6

9 4・1ト0 1

D l 0，0 0　　　　 3．2 5　　　 5 0 ．3 5　　　 4 5．7 1　　　 0 ．4 6　　　　 0．2 3 1．9 4　　　　 0 ．2 6
1．9　　　 すきテ 0 ．9 0　　　　 0 ．1 1　　　 1．3 3

D 2 0．0 0　　　　 2 ．1 3　　　 5 1．9 1　　　 4 5．5 3　　　　 0 ，4 3　　　　 0 ．0 0 1．9 4　　　　 0 ．2 6 1，9　　　　 0．2 7 0 ．8 3　　　　 0 ＿0 3　　　　 0＿88

D 3 0．0 0　　　 1．8 3　　　 4 7 ．7 1　　　 4 9．5 4　　　 0 ．9 2　　　　 0 ．0 0 2 ．0 0　　　　 0 ．2 5 2．0　　　　 0．2 5 0．9 0　　　　 －0．0 4　　　 1．33

D 4 0 ，4 7　　　 1．8 9　　　 5 0，00　　　 4 6．7 0　　　 0 ．4 7　　　　 0 ．4 7 1 ．9 6　　　　 0 ．2 6 1．9　　　　 0．2 7 0．8 8　　　　 0 ．3 2　　　 1．15

D 5 f 0 ▼0 0　　　　 2＿5 2　　　 5 5．6 1　　 4 1．19　　　 0 ＿6 9　　　　 0 ＿0 0 1 ．9 0　　　　 0 ．2 7 1．9　　　　 0．2 7 0．8 8　　　　 0 ．0 0　　　 1，3 1

Table　4　　Maximum Observed water veloclty during
sampling at80f the sites．

Location Date Sam pJe num ber W aterveiocity（m ax）

（cm／S）

Mu「akushigate 7／28／1994

10／25／1994

11／2／1994

A lf

A Z

A3

A4

A5

A6

A7

A 8f

Underbridge 10／ZS／1994 B1

82

83
10／2 6／19 9 4

1 0／3 1／1 9 9 4

C lf 2 4

C Z 4 5

C 3 3 9

C 4

C S f

1 2

M uraku sh lbe ach 11 0／2 6／1 9 9 4

1り 1／：19 9 4

D l 60

D Z 4 2

0 3 2 1

D 4

D Sf

　　 36

1

location，Since the concentrationis expected to osci1－

1ate over periods as short as the frequency of

waves approaching the shore，thoughlarger scale
variationis undoubtedly a function oflarger waves

（caused either by wind or passing boats）．

The mediansuspendedsedimentgrainsize wasbe－

tweenl and3．2FJm，i．e．，Clay－Sized，thus atleast

in abundance ofindividualgrains the entrained sedi－

mentis prlmarily clay，in splte Of the dominantly

sandy bottom sediment（Table3）．

The median size of the bottom sediment grains

at all sites varies betweenl．8¢（0．29　mm）and

2．8¢（0．14mm），With generally finer sand at

Kanzanji Beach and under the bridge at Marakushi

Gate（Table4）．None of the samples are strongly

skewedin their grain size distribution．Sediment

larger than coarse sand（1mm）isinsignificantin

all samples．Mud content ranges from near O to
about3％，andis presentin quantities over1％

only at Marakushi Gate．Core profiles generally

show finer sandin the upper half centimeter Of the
bottom sediment than txelow．

Maximal water veloclty Varied between12　and

60CヮS‾1（Table4）・Theautumn temperature．and
salinlty at all three sites was nearlyidentlCal，

from about　21to　23　℃　and approximately　30

p．p．t．，reSpeCtively（Tablel）．

RESULTS：BIOTlC MEASUREMENTS

Macrofaunalmolluscan communities are strongly

zoned by water depth（A．Kitamura，PerS．COmm．，

1994），but differencesin faunas also exist bylocal－

ity（Tables5，8）．Marakushi Gateis known for
its abundance of the intertidal venerid bivalve

lhditqpes philiFPOT∽rum（Adams＆Reeve）（listed

in the tables underits former generic position，

71叩eS）；the shallow subtidal trochid gastropod

LhlboniumヮOnilifbrum（Lamarck）dominated the
macrofaunaln mOSt Samples at Marakushi Gate，
but was not found at either of the otherlocalities．

The nassariid gastropod Reticunassa jbstiua

（Po、1yS）（listedinthetablesbyitsformergeneric

POSitlOn．Hinia）and the potamidid gastropod

肋illarLa Tnultifbrmis Adams were foundin very
small quantities at Marakushi Gate and KanzanJI
Beach．

There are two size classes of organically－bound

tubes presumably belonglng tO pOlychaetes：Very

thin flexible tubes about2mmin diameter and up

to several cmlong，and thicker，mOre rigid，tubes

about　5　mmin diameter and aboutl cmlong．

The larger polychaete tubs are present at

Marakushi Gate and Kanzanji Beach．The small

tubes are extremely abundant along some PartS Of

Kanzanji Beach，and are variably abundant at

Marakushi Gate and at Marakushi Beach，Where

they were the only obvious slgn Of macrofauna．

In summary，Marakushi Gate seems to have

abundant mobile macrofauna，KanzanJI Beach

showed evidence prlmarily of tube－building macro－



26 Robert M．R（娼Sand YoshikoIMADA

Table5　Average number of macrofauna per trowel（approx．1kg wet weight）of sediment at each site．

L o c a t 10 ∩ D a te

S a m p k

n u m b e r o f f a t　　　　　　 th in b iv a 霊v e Sn a ils

T o ta lS a m P 旭 ＄ W O rm　　　　　　 W O rm Ta p e 革 βa f〟由 〟a　　 U m b o n 山 川　　　 〃わ 由

n u m b e r a v e ra g e d t u b e s　　　　 tub e s p 加／伽 0 na 付 m 〝TU ／拍b 〝円由　 m o ／10 J／飴 rU m　 ／e s rル8 m a cro b u n a

M a ra k u s h i 9 4 －0 7 ・2 8 A lt 1 0 w t－d 0 ．0　　　　　 0 ．3 ノ0 ．0 0 ．0　　　　　 4 ．6　　　　　 0 ．0 4 ．9

G a te 9 4 －10 －2 5

9 4 －1 1 ・0 2

A 2 3 0 ．0　　　　　 1．0 0 ．0 0 ．0　　　　　 0 ．0　　　　　 0 ．0 1 ．0

A 3 3 0 ．0　　　　　　 2 ．0 0 ．0 0 ．0　　　　　 5 ．0　　　　　　 0 ．0 7 ．0

A 4 3 0 ．0　　　　　 0 ．0 0 ．0 0 ．0　　　　　 0 ．0　　　　　 0 ，0 0．0

A 5 3 5 ．0　　　　　　 4 ．0 0 ．0 0 ．0　　　　　 0 ．0　　　　　　 0 ．0 9．0

A 6 3 0 ．0　　　　　 4 ．0 0 ．0 0 ．0　　　　 10 ．0　　　　　 0 ．0 14 ．0

A 7 3 0 ．0　　　　　 0 ．0 0 ．0 ‾ 0 ．0　　　　　 2 ．0　　　　　 0 ．0 2 ．0

A 8 f 1 0 w t－d 0 ．0　　　　　 1 ．5 0 ．1 0 ．5　　　　　 8 ．8　　　　　 0 ．5 1 1．5

U n d e r 9 4 －1 0 －2 5 8 1 3 0 ，0　　　　　 0 ．0 0 ．0 0 ．0　　　　　 0 ．0　　　　　 0 ．0 0 ．0

b rid 9 e B 2 3 0 ．0　　　　　 0 ．0 0 ．0 0 ．0　　　　　 4 ．0　　　　　 0 ．0 4 ．0

B 3 3 0 ．0　　　　　 9 ．0 0 ．0 0 ．0　　　　　 0 ．0　　　　　 0 ．0 9 ．0

K a n z a 叩 9 4 －10 －2 5

9 4 －1 0 －3 1

C l 3 0 ．0　　　　　　 3 ．3 0 ．0 0 ．0　　　　　 0 ．0　　　　　　 0 ．0 3 ．3

B e a C h C 2 3 0 ．0　　　　　　 5 ．3 0 ．3 0 ．0　　　　　 0 ．0　　　　　 0 ．0 5 ．6

C 3 3 0 ．3　　　　　　 4 ．3 0 ．0 0 ．0　　　　　 0 ．0　　　　　　 0 ．0 4 ．6

C 4 3 0 ．7　　　　　 2 2 ．3 0 ．7 0 ．0　　　　　 0 ．0　　　　　 0 ．0 2 3 ．6

C 5 f 1 0 w t－d 1 ．4　　　　　　 0 ．4 2 ．0 0 ．1　　　　　 0 ．0　　　　　 0 ．0 3 ．9

M a ra k u s h i 9 4 －1 0 ・2 6

9 4 －1 1－0 1 ・

D l 3 0 ．0　　　　　 0 ．7 0 ．0 0 ．0　　　　　 0 ．0　　　　　 0 ．0 0 ．7

B e a c h D 2 3 0 ．0　　　　　 0 ．3 0 ．0 0 ．0　　　　　 0 ．0　　　　　 0 ．0 0 ．3

D 3 3 0 ．0　　　　　　 0 ．3 0 ．0 0 ．0　　　　　 0 ．0　　　　　　 0 ．0 0 ．3

D 4 3 0 ．0　　　　　 1 ．0 0 ．0 0 ．0　　　　　 0 ．0　　　　　 0 ．0 1 ．0

D 5 f 1 0 0 ．0　　　　　　 0 ．0 0 ．0 0 ．0　　　　　 0 ．0　　　　　　 0 ．0 0．0

Table6　Average number of meiofauna perlO grams（dry weight）of sedimentin the top O．5cm bottom sedi－
ment at each site．

　 l

Lo catio n　 D ate

S am ple

nu m b er

　 （to ta り

nem atode s co pe pods

ad u／J ル yen〟e

COP ep Od5 COp epO 由 ∩尤 帽〟0 Sna iIs　　 bivalve s　 ostracodes　 tardigrades Others

to ta l

m e 10 fau na

d iatom　 pla nt

Strings tjssue s

M ara ku shi 9 4・07－2 8 A lt 576 ．9　　　 76．2 6 6．7　　　　 70．2 7 6　 ‾ 0 ．0　　　　 2 ．5　　　　 8 ．3　　　 15 ．2 10 1．7 78 0．8 0 ．0　　　 0．0

G ate 9 4・10－2 5

94－1 1・0 2

A 2 3 24 ．0　　 176 ．9 72 5 ．6　　　 5 7．2 7，8 5 ，0　　　　 0 ．0　　　　 54 ．5　　　　 6 ．6 3 ．3 570 ．2 1．7　　　　 0．0

A 3 173 7．1　　 33 1．4 2 85 ．7　　　 45 ．7 5 ．2 80 ．0　　　　 0 ．0　　　 160 ．0　　　　 0 ．0 26 2．9 2 57 1．4 0 ．0　　　 0、0

A 4 2258 ．7　　　 566 ．4 4 72 ．6　　　 753．8 4．0 293 ．7　　　　 7 ．0　　　　 244 ．8　　　 1 11．9 21 ，0 3 503 ．5 0 ．0　　　 35 ．0

A 5 95 1．0　　　 2 51 ．7 72 5．9　　　 72 5．9 3．8 5 5，9　　　　 2 8．0　　　　 83．9　　　　 9 7．9 16 7．8 16 36 ．4 0．0　　　 28 ．0

A 6 3 373 ．1　　 6 26 ．9 29 8．5　　　 32 8．4 5．4 8 9．6　　　　 0 ．0　　　 32 8．4　　　 298 ＿5 11 9．4 48 35 ．8 0．0　　　　 0．0

A 7 43 3．2　　　 2 19．3 †33 ．7　　　 85．6 2．0 26 ．7　　　　 0．0　　　　 85．6　　　 10．7 0 ．0 775 ．4 0．0　　　 21 ．4

A 8f 42．5　　　　 8 ．5 8．5　　　　 0 ．0 5．0 10 ．2　　　　 3．4　　　　 4 7．6　　　 1．7 0 ．0 113 ．9 0．0　　　　 0 ．0

U nde 「 94－10・2 5 B l 4 12 ．4　　　 18 5．6 74 4 3　　　　 4 7．2 2 ．2 10 ．3　　　　 0．0　　　　 8 2．5　　　　 0．0 6 1，9 752 ．6 30 ．9　　　 0 ．0

b ridge B 2 633 ．3　　 180 ．0 †26 ．7　　　 5 3．3 3．5 6．7　　　　 6．7　　　　 6 6．7　　　 13 ．3 13 ．3 9 20 ．0 0．0　　　 6 ．7

B3 13 91．7　　　 258 ．1 74 7 5　　　 7 70 ．6 5 ．4 18 ＿4　　　　 27 ．6　　　　 92 ．2　　　　 46 ．1 119．8 195 3．9 0．0　　　 73．7

K anza nji 94 －10・25

94－10 －3 1

C l 15 1．4　　　 4 4．0 2 7．7　　　　 2 2．9 3 ．4 1．8　　　 10 ．6　　　　 7．0　　　　 0．0 2 1．1 23 5 ．9 3．5　　　　 0 ．0

Be ach C 2 571．4　　　 2 95 ．6 88 ．7　　　 2 08 9 7．9 0 ．0　　　　 39 ．4　　　　 29 ．6　　　　 0 ．0 9．9 94 5．8 236 ．5　　　 9．9

C 3 38 7．8　　　 5 71．4 78 2．0　　　 4 69．4 0．7 5 ．1　　　 61 ．2　　　 112．2　　　 0 ．0 112．2 1250 ．0 6 1．2　　 163 ．3

C 4 1277 ．6　　 108 6．6 ∝汐．8　　　 4 53．7 7．2 11．9　　　 4 95．5　　　 65 ．7　　　　 0 ，0 41 ．8 2979 ．1 65．7　　　 6．0

C 5f 60 ．4　　　 5 28．7 †74 8　　　 4 73．9 0．7 0．0　　　　 55 ．9　　　　 9 ．1　　　　 0 ．0 24 ．2 67 8．2 120 ．8　　 100 ．0

M arakush i 9 4－10－2 6

94－11・0 1

D l 524 ．4　　　 20 8．8 746 ．2　　　 62 ．6 2．5 4．6　　　　 2 ．3　　　 11．6　　　 13．9 0 ．0 765 ．7 0．0　　　 2 ．3

B eaCh D 2 502 ．1　　　 238 ．3 75ユ2　　　 85．7 2．7 8．5　　　　 0 ．0　　　 17．0　　　　 0 ．0 17．0 783 ．0 0．0　　　　 8．5

D 3 6 4．2　　　 275 ．2 73 7 6　　　 73 7 6 0．2 0．0　　　　 0．0　　　　 0 ．0　　　　 0 ．0 0 ．0 339 ．4 18 ．3　　 18 ．3

D 4 8 01 ．9　　　 575 ．5 3 39 ．6　　　 2 35 ．β 7．4 0 ．0　　　　 0 ．0　　　　 4 7．2　　　　 0．0 18．9 14 43．4 18 ．9　　　 9 ．4

D 5f 9 6．1　　　 8 2．4 5 7．5　　　　 3 0．9 7．2 0．0　　　　 0 ．0　　　　 12．6　　　　 0．0 6 ．8 197 ．9 0．0　　　 0 ．0

fauna，and Marakushi Gate had verylittleliving
macrofauna．

The density of meiofauna，in number of organ－

isms per gram，Varies by an order of magnitude

（113．9to4835．8（10g）－10f surface sediment［10g

is the standard unit in the measurement of

meiofaunaldensity］），andis as variable withinlo－

cations andlxtween（Tables6，8）．The meiofauna

at most sitesis dominated numerically by nema－

todes，followed by copepOds at many sites；juvenile

bivalves，JuVenile mollusks，　OStraCOdes，　and

tardigrads arelocally abundant．Tardigrads and ju－

Venile gastropods were common at some sites at

Murakushi Gate，juvenile bivalves were common at

Kanzanji Beach，and ostracodes werelocally abun－
dant at some sites at both Murakushi Gate and

Kanzanji Beach．　Confirmlng the findings for

macrofaunalmollusks，theabundanceofjuvenilegas－

tropods and bivalves at Murakushi Beach was very
low．
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Table7　Ratios of abundances among mobile and ses－
sile macrofauna and meiofauna．
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m ●Cr01什■lo

M a ra ku s h i G a te 94 ・0 7 －2 8 A lf 0 ．3　　　　 4 ．6 9 3 ．4 ％ 5 ．3

9 4 ・10 －2 5

9 4 －1 ト0 2

A 2 1 ．0　　　　 0 ．0 0 ．0 ％ 2 ．2

A 3 2 ．0　　　　 5 ．0 7 1 ．4 ％

0 ．0 ％

1 3 ．8

A 4 0 ．0　　　　 0 ．0 0 ．0

A S 4 ．0　　　　 0 ．0 1 4 ．8

A 6 4 ．0　　　　 1 0 ．0 7 1 ．4 ％ 38 ．3

A 7 0 ．0　　　　 2 ．0 1 ∝ ）．0 ％ 5 ．4

A が 1 ．6　　　　 1 0 ．0 8 7 ．0％ 1 5 9 ．1

U n d e r b rid 9 e 9 4 －1 0 －25 B l 0 ．0　　　　 0 ．0

1 00 ．0 ％

0 ，0

B 2 0 ，0　　　　 4 ．0 12 ．1

8 3 9 ．0　　　　 0 ．0 0 ．0 ％ 18 ．8

K a n Z a n ji B e a c h 9 4 ・10 －2 5

9 4 －1 0 －3 1
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C 4 2 3 ．0　　　　 0 ．7 2 ．9％ 1 6 ．9

C 5 f 2 ．4　　　　 2 ．1 8 2 ．4 ％ 3 ．1

M a ra k u s h iB o a c h 9 4 －1 0 ・2 6

9 4 ・1 1 －0 1
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D 2 0 ．3　　　　 0 ．0 0 ．0 ％ 1 ．3

D 3 0 ．3　　　　　 0 ．0 0 ．0 ％ 2 ．2

D 4 1 ．0　　　　 0 ．0 0 ．0 ％ 2 ．3

D 5† 0 ．0　　　　 0 ．0 0 ．0

directFonofcausallty
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Fig．4　Possible network of causal relationships

aplOngbiologlCalやnd physicalvariables・The coeffi－
ClentSidentify partlCular relationships．

DATA ANALYSIS

In order to better understand the relationships

among these variables，the data was subjected to a

variety of ordination and regression teclmiques・

We were particularlylntereStedin determinlng the

variables that have someimpact upon suspended

sediment concentrations．A flowchart of hypothe－

sized possible relationships among the variablesis

shownin Fig．4．　The variables were regressed

against one another，uSing the hypothesized causa－

tive variables as the regressors．Bothlinear and

nonlinear models were tested，uSlng the“MGLH”

and“Nonlin’’routines of the commercial statistics

package SYSTAT（WILKINSON1989），and thelinear
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TabLe8　Thanatocoenosis（shelly material from biota）at each site．Meiofaunal shells units are number。f

emptyshellspergramofdrysedimentfromthetopO・5cnIOfthesedimentsurface・“Shellygravel”referstobro－

ken macrofaunalshells；the number refers to a subjectlVe CategOrization．of the amount of shelly gravelper
trowelofsediment，from O（no shelly gravel）to3・MacrofaunalshellunltS are the average number of empty
Shells per trowel of sediment．

Lo Cation Dato Sa m p le num k r

m e iok una m e iotau na m 由OtaU na

S najls　 bivd ve s o stracod e s She lI9 raVe l

m ac ro faun a m ac rofa un a m acrofa una m ac TO fau na

7七p e S βa r誹∂〟∂ ・ U m b o J7山 m 〃血 ∂

帥 伸 po nam m m U 〟わ〝乃鹿 爪0 n O／始 rum b sf va

M ara k u s hi G a te 9 4 －0 7 －2 8 A lf 0 ．0　　　　　 0 ．0　　　　　 2 ．5 0 ．1 0 ．0　　　　　 0 ．0　　　　　 0 ．0　　　　　 0 ．0

9 4 －1 0 －2 5

9 4 －1 1 －0 2

A 2 0 ．0　　　　　 0 ．0　　　　　 0 ．0 0 ．0 0 ．0　　　　　 0 ．0　　　　 1．0　　　　　 0 ．0

A 3 0 ．0　　　　　 0 ．0　　　　　 0 ．0 0 ．0 0 ．0　　　　　 0 ．0　　　　 1 ．0　　　　　 0 ．0

A 4 0 ．0　　　　　 0 ．0　　　　　 0 ．0 0．．0 1 ．0　　　　　 0 ．0　　　　　 0 ．0　　　　　 0 ．0

A 5 0 ，0　　　　　 0 ．0　　　　　 0 ．0 0 ．0 0 ．0　　　　　 0 ．0　　　　　 0 ．0　　　　　 0 ．0

A 6 0 ，0　　　　　 0 ，0　　　　　 0 ．0 0 ．0 0 ．0　　　　　 0 ．0　　　　　 3 ．0　　　　　 0 ．0

A 7 0 ．0　　　　　 0 ，0　　　　　 0 ．0 0 ．0 1 ．0　　　　　 0 ．0　　　　 1 ．0　　　　　 0 ．0

A 8 † 0 ．0　　　　　 0 ．0　　　　　 3 2 ．3 0 ．0 0 ．0　　　　　 0 ．0　　　　 1．3　　　　　 0 ．0

U nd e r b rid 9 e 94 －10 －2 5 B l 0 ．0　　　　　 0 ．0　　　　　 0 ．0 0 ．0 0 ．0　　　　　 0 ．0　　　　 1．0　　　　　 0 ．0

B 2 0 ．0　　　　　 0 ．0　　　　　 0 ，0 0 ．0 0 ．0　　　　　 0 ．0　　　　　 0 ．0　　　　　 0 ．0

B 3 0 ．0　　　　　 0 ．0　　　　　 0 ．0 1 ．0 2 ．0　　　　　 0 ．0　　　　　 1．0　　　　　 0 ．0

K a n za 巾i B e a ch 9 4 －10 －2 5

9 4 －10 ・3 1

C l 0 ．0　　　　　 0 ．0　　　　　 0 ．0 0 ．3 2 ．0　　　　　 0 ．0　　　　　 0 ．0　　　　　 0 ．0

C 2 0 ．0　　　　　 0 ．0　　　　　 0 ．0 0 ．3 3 ．3　　　　　 0 ．0　　　　　 0 ．0　　　　　 0 ．0

C 3 0 ．0　　　　　 0 ．0　　　　　 0 ．0 0 ．3 0 ．0　　　　　 0 ．0　　　　　 0 ．0　　　　　 0 ．0

C 4 0 ．0　　　　　 0 ．0　　　　　 0 ．0 0 ．0 0 ．0　　　　　 0 ．0　　　　　 0．0　　　　　 0 ．0

C S t 0 ．0　　　　　 9 ．1　　　　　 0 ．0 0 ．2 0 ．0　　　　　 0 ．0　　　　　 0 ．0　　　　　 0 ．0

M a ra k us h i B e a ch 9 4 －10 ・2 6

9 4 ・1 1－0 1

D l 0 ．0　　　　　 0 ．0　　　　　 0 ．0 1 ．0 2 ．3　　　　　 0 ．0　　　　　 0 ．7　　　　　 0 ．0

D 2 0 ．0　　　　　 0 ．0　　　　　 0 ．0 1 ．0 1 ．3　　　　　 0 ．0　　　　　 0 ．7　　　　　 0 ．0

D 3 0 ．0　　　　　 0 ．0　　　　　 0 ．0 0 ．7 1 ．7　　　　　 0 ．0　　　　　 0 ．7　　　　　 0 ．0

D 4 0 ．0　　　　　 0 ．0　　　　　 0 ．0 1 ．0 0 ．3　　　　　 0 ．0　　　　　 0 ．3　　　　　 0 ．0

D 5 † 0 ．0　　　　　 0 ．0　　　　　 0 ．0 0 ．0 1 ．5　　　　　 0 ．0　　　　　 0 ．0　　　　　 0 ．0

Table g Suspended sediment concentration（SSC）and

median grain size of the suspended sediment at each
site．

Lo c at io n D a te S a m P le n u rnb e r C o n c e n W at io n　 M e d ia n g ra in sほ e

（g ／り　 （ 〟J ¶ ）

M u r ah sh i g a te 7 ／2 8 ／1 9 9 4 A l f 0 ．0 6 2 1　　　　　　　 2 ．3

1 0 ／2 5 ／1 9 9 4

1 1 ／2 ／1 9 9 4

A Z 0 ，0 3 3 3　　　　　　　　 2 ．2

A 3 0 ．0 1 6 4　　　　　　　　 2 ．8

A 4 0 ．0 2 9 5　　　　　　　 1 ．0

A S 0 ．0 1 0 5　　　　　　　 2 ，3

A 6 0 ，0 0 5 6　　　　　　　 2 ．8

A 7 0 ．0 2 0 8　　　　　　　 3 ．0

A 8 f 、 0 ．0 7 7 7　　　　　　　 2 ．3

U n d e r b rld g e 1 0 ／2 5 ／1 9 9 4 B l 0 ．0 3 9 6　　　　　　　 2 ．3

B Z 0 ．0 1 3 0　　　　　　　 3 ．5

8 3 0 ．0 10 2　　　　　　　 2 ．0

K a n z 叩 jib e a ch　 t 1 0 ／2 6 ／1 9 9 4

1 0 ／3 1 ／1 9 9 4

C l 0 ．0 5 1 2　　　　　　　 2 ．6

C Z 0 ．0 1 1 6　　　　　　　 3 ．2

C 3 0 ．0 0 9 7　　　　　　　 1 ．0

C 4 0 ．0 0 6 2　　　　　　　 2 ．6

C 5 f 0 ．1 5 2 5　　　　　　　　 2 ．3

M u ra ku s h i b e a d 1 0 ／2 6 ／1 9 9 4 D l 0 ．0 1 1 0　　　　　　　 2 ．0

D Z 0 ．0 0 5 1　　　　　　 1 ．7

0 3 0 ．0 0 8 1　　　　　　　 2 ．1

0 4 0 ．0 0 3 7　　　　　　　 3 ．0

regression routinein the program Kaleidoscope．

For theiterative nonlinear estimation procedure，a

quasi－neWtOn loss function was used．　High
COrrelations between palrS Of variables are shown

in TablelO；regreSSion equations areillustrated on

the plots，and other selected results are shownin

Table11．

Fig．5　Shows that thereislittle relationship

among thewatervelocity，meaSureddepth，and aver－

age grain size of the bottom sediment within the

temporo－SPatialrange observed．

At the hightaxonomiclevelused for this study，

TablelO Correlations greater than O．7among faunal
and sedimentologlCal variables．

me事0ねuna　　　－mOiotauna pear80nCOrr由uon

nematodes

nematodes

nematodes

COPePOds

SnaHs

OStraCOdes

macrofauna

－OStraCOdes

－tardigrades

－Snajls

－bivalves

－OStraCOdes

－tardigrades

－MaCrOねuna

0．909

0．836

0．734

0．724

0．731

0．825

βaI〟bJ由muJ〟brmf5－〃わ由ねS打Va O．784

macroねuna　　　一mOioねuna

Sma”wormtubes　－bivaIves

bivalves　　　　　　－bivalves

BatiIIariamu／tjk）rmjs－OStraCOdes

Hiniafbs〟va　　　　－OStraCOdes

SeSSilemacrofauna　－bivalves

bentho専　　　　　一bottomSedlment

0．914

0．937

0．982

0．997

0．928

diatoms　　　　　一grainsizeskewness　　　－0．797

bivaJves　　　　　－COarSeSand O．726

bentho8　　　　　－SSC

bivalves　　　　　　－SSC

bivaJves　　　　　　－SSC

0．809

0．746

most faunal elements do not correlate well with

depth．Selected plots of some of the better relation－

Ships are shownin Fig．6．1n each case，itis actu－

ally the range，Or Variance，in specimen densities

thatincreases with measured depth，SO that the
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Tablell Selected results of regression of environmental variables agalnSt SuSpended sediment concentration
（SSC）and SSC grain size．Units for nematodes：number perlO grams of dry sediment；Small worm tubes and

U moTWl的rum：numberpertrowel（approx・1kgyet sediment）；Sedimentgrain size‥mm，苧uSpended sediment
（SS）gr今insize：FLm；．SuSpendedsedimentconcentratlOn（SSC）‥gram戸perliter；Velmax＝maXlmumVelocitydur－

ipglmlnuteObservatlOnPeriod：cmperSeCOnd・ForregressionsuslngMGLH，＊referstoregressedvariablessta－
tlStically slgnificant at p＜0．1，日at p＜0．01．

e stjm a ted eq ua tio n m u芸西 。2　 錮訝　 p 。。摘 慧 諾
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SSC＝0・0669．－0・000021nematodes十0・000507veけnax－0・205meangrainsize
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meanSSCgralnSize＝0．694＋2．95’veJmax

0．815　0．664　0．413

0．541　0．293　0．010

0．369　0．136　0．091

0．562　0．316　0．280

0．916　0．838　0．093

0．909　0．827　0．034

0．612　0．374　0．270

H
 
H
 
H
 
H

L
 
L
 
L
 
L

G
 
G
 
G
 
G

M
 
M
 
M
 
M

8
8
2
1
2
1

6
　
0
　
9
　
8

8
　
2
　
9
　
0

1

　

4

　

人

U

 

O

O
 
O
 
O
 
O

輌
仙
仙

18
18
8

0
1
．
0
1
0
7

0
0
1

匹
匹
O
．

10　　20　　30　　40　　50　　60　　70

由pth（cm）

（
ぞ
U
）
　
（
空
っ
相
も
筍
∈
）
　
S
ぎ
ー
蟹
玉

10　　20　　30　　40　　50

depth（cm）

60　　70

y三一6・8027十0・26945xR＝0．66196　　　　　　　　　y＝8．8381＋0．70414xR＝0，39709

5
　
　
　
　
　
4
　
　
　
　
　
3

0
　
　
　
　
　
0

0

20

10

10　　20　　30　　40　　50　　60　　70

depth（cm）

（
ひ
盲
V
E
9
遥
U

0
　
　
　
　
　
5

2
　
　
　
　
　
1

5

0

10　　20　　30　　40　　50　　60　　70

由pth（cm）

－y＝・11．249十0．40821xR＝0．54816　　　　－y＝・3・4411＋0・16844XR＝0・42367

Fig．6　Relationships of selected taxa to measured depth．Boxes highlight the fact that trendsin taxon abun－
dance with depth reflect a changein variance rather than a tightly correlated monotonic relationship．
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Fig．7Relationships of selected taxa to mean grain
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rather than a tightly correlated monotonlC relation－
Ship．

average densityincreases with depth（i．e．，the maxi－

mum densities occur deeper，but minimum densities

（near zero）can occur anywhere，Shallow or deep）．

For both meiofauna and macrofauna the samples

With the highest densities also are deeper samples．
Small worm tubesincreasein average abundance

With depth；a Similar，butless convinclng Pattern，

is present for juvenile bivalves and diatoms．Cope－

POds shows no depth relationship，eXCept that the

deepeSt Samplein the study also happened to have

the highest copepod densities．
Severalorganisms，namely small polychaetes and

diatomS，Show rather stronglnCreaSeSin the range

Of specimen denslty With decreaslng aVerage grain

ヲize（Fig・7）・Lhnboniummonilubrum・nematOdes，
JuVenile gastropods，tardigrades，and ostracodes all

demonstrateincreasing range of abundance within－

CreaSeS Of mud content（0Ver a mud content range

Of only a few percent）（Fig．8）．

In order to reduce the extensive faunal and

SedimentologlCal data to a few variables represent－

lng a highpercent of the variancein the data，prln－
cipal compOnent analyses（PCA）were performed

upon the data．The result of the PCA upon the

faunal data，uSlng both macro－　and meiofauna，is

Shownin Fig9．The first two axes account for

53．5％of the variancein the data．Itis apparent

that Murakushi Gate samples cluster together，near
zero oneach of the first2axes，because of the bar－

renness of their faunas．　The samples from

MurakushiGate and KanzanjiBeach form two non－

OVerlapplng grOupS，OVerlapplng With those of

Murakushi Beachin samples that were relatively
barren oflife．

The second PCA faunal axisis correlated with

grain size，butitis notimmediately apparent what

controIs the first PCA faunal axis．

A PCA of thc sediment，ary data was performed，

in which thegrainsizeaverage，rnedian，Standardde－

viation，Skewness，and kurtosIS，and also the

amount of shell debris were takeninto account．In

Splte Of the similarltyin sedimentary conditions，

the threelocalities form prlmarily non－0Verlapplng

gTOupS along the first2PCA axes（Fig．10）．The
first two axes account for56．7　％　of the variance

in the data．The sites vary prlmarilyin the grain

Size，SOrtlng，and mud content．

SSCis not closely related to veloclty，Sediment

ざrainsize，Ordepth（Fig・11andTablell）・SSC
IS apparently related to particular faunal elements

（Fig．12），particularlyif the data arelog－

transformed．Forexample，at Sites at which nema－

todes or worm tubes were espeCially abundant，SSC

was alwayslow（for nematodes，R2＝0．369，P＝

0．10；if both of the variables arelog－tranSformed，

R2＝0．562，P＝0．008）；the converse was not neces－

Sarily true，thatis，atlow abundance SSC may be

either high　orlow．In contrast，When the fauna
has a highrepresentation by mobile formS（Table
7），SSC could be highorlow；atlow abundance of
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mObile forms，SSC was onlylow．

The axes from the PCA analyses were also re一

gressed upon the SSC and SS grain size data（Fig．
13　and Tablell）．The first axis of the faunal

PCAis btterlinearly related to the SSC data（R2

＝0．384，P＝0．116）than any of theindividual bi－

Otic variables with the exceptlOn Of nematodes．

The first axis of the sediment PCA multiplied with

the first axis of the faunalPCA，Creating a faunal－

SedimentologlCalinteraction factor，glVeS a Statisti－

Cally significant regression against SSC（R2＝0．414，

p＜0．05）．Thisimproved somewhat using an equa－

tion with　2　variables，the first faunal PCA axis

and the faunal－SedimentologlCalinteraction term

（R2＝0．481，p＜0．05）．The second axes of the

SedimentologlC and faunal PCA do not slgnificantly

improve the correlation．　The first axis of the

SedimentologiC PCA byitselfis not closely related

to SSClike the first axis of the faunal PCA，but

does substantiallyimprove the R2　0f a regression

also containing the first axis of the faunal PCA

（R2＝0．481，p＝0．154）．
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Fig．12　SSC vs，Selected taxa．Note that because of thelog transform，Sites with no worm tubes or no mobile
fauna are not plotted．Boxesindicate possible trendsin the data．

The SS grain size does not vary according to

any of the measured physical variables except for

water velocity（R2＝0．612，P＝0．107），for which

only8data points arc available（Fig．14and Table

ll）．It should be noted，however，that our grain

measurement sample size may have been toolow to

encounter some of thelarger sediment grains，i．e．，

perhaps suspended sedimentis always dominantly

Clay－Sizedin termS Of particle abundance，but that

smallperCentageS（＜5％）of sand－Sized grains are

responsbile for much of the SS mass．Like SSC，

SS grainsize too seems to be best related to thein－

teraction of the first axes of the faunal and

Sedimentologic PCA analyses．

LABORATORY AQUARJUM STUDIES

The tracks and trails and other positive surface

relief caused by biota undoubtedly change the criti－

calshear velocity（BoYER1980）and may resultin
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Fig．13SSCvs．faunalandsedimentologicPCAaxesland2・Boxesin（a）indicatechangeinvarianceofSSC
with magnitude of PCA axisl・

acomplicated patchwork ofentrainability・Effects

of biota upon Hamana－ko sediments were observed

in thelaboratoryin order to predict more specifi－

Cally the effects of macrofaunalorganisms on bot－

tom sediment，Althoughin the aquarium experi－
ments we observed changesin the surface topogra－

phy，known as“roughness elements”in the context

of fluid dynamics，We did not record such observa－

tionsin the field．To our knowledge，the surface

roughness of biotic structures remains essentially
unquantified（RHOADS　＆　BoYER1982，GRANT
1983）．Determinlng biotically constructed rough－
nesselements may be possible using highresolution
three dimensionalimage analysis；tempOral trends

of the bioticeffects may be calculated by recording

images atspecificintervals and subtractlng Out the

topography from the startlng State Of each corre－

spondinginterval・

Surface sediment（approximately upper　2　cm）

andoverlying water was recovered from Murakushi

Gate at Hamana－ko and returned to thelaboratory

in5－1iterplasticbuckets・Immediately afterreturn－

ing to the university this sediment WaS placedin

aquaria and the water aerated・Most tanks were
about16　×31cminlateraldimensions，and about

O．51iters of sediment was requiredper Centimeter

of sediment on the bottom of the tank．The tanks

were about half－filled with sediment，7　cm of
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sediment under7　cm of water．The tank was ob－

SerVed on a daily basis for biotic structures form－

lngln the tank The temperature Of the aquarium

WaS allowed to track that of room temperature，

which was not far different．from the natural

Water temperature Of Hamana－koin the fall．Salin－

lty WaS maintained by covering thp tank to prevent

Slgnificant evaporation and adding distilled water

to replace evaporated water．The upper Surface of

the sediment was more muddy thanin naturalcondi－

tions，because mud was thelast to settle afterin－

Serting sedimentinto the tank and was not sorted

by naturalcurrents．

The most obvious sediment disturbance was

CauSed by the gastropod thnboniutn mOnil的rum，
aboutlcmin shell height，Which plow along the
Sediment surface，leavlng a Small1－2mm highridge
on either side of an　8mm wide trail．　The snail

may rest partially buried，With the top or side of

the upper whorls exposed．　There are frequently

tubes，partially or entirely of polychaetes，about

O．5　to　2mm thick，either from the surface down－

Ward・Or U－Shaped（op？n at the surface at either
end）．The vertically－Orlented tubes may belonger

than　2cm；thelargest U－Shaped burrow observed

was about　8mm from the’surface to the“mini－

mum polnt．There were small piles of thin elon－

gated（appr？Ximately2mmlonF・0・4mm wide）
fecalpe11etsln a Circle or semi－ClrCle around some

of the vertical tubes．　A number of other minute

trails（aboutlmm wide andless thanlmm deep）

by unidentified organisms crossed the tanks．

Crabs and shrimp were observed to disturb the

Sediment considerably，andin some cases to throw

Sediment directlyinto the water column．However，

the population denslty Of these taxa within the

field area seems to be small compared to that of

some of thcless mobile fauna，and are not consid－

eredin the followlng discussions．

DISCUSS10N

The concordant spatial variationsin the faunal

and sedimentologicdataishardly surprislng aS Sedi－

ment textureis perhaps the most frequentlyidenti－

fied variable behind benthic communlty COmpOSition

（e．g．，NowELL＆JUMARS1987）．While this rela－

tionship may be caused byinteractions between

fauna and sediment，the two may also be corre－

lated because of their mutualrelationships to other

Spatially－Varying environmental variables not meas－

ured here（e．g．，WaVe energy），

ReJationships of variabIes to SSC

Based on the regressions of available factors

against the measured SSC，We reCeive the encourag－

ing result that the best predictorof SSCis best・COr－

related to some function of the greatest variability

in the data．　Though　difficult to quantify，
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intuitivelylt SeemS unlikely that the PCA variables

WOuld provide a much btter match to SSC thanin－
dividual variables unless this combination werein－

deed relevant to SSC．

We also find，however，that several of the
faunal variables seem to constrain thelevel of

SSC．The sites with thelowest SSC areinvariably

associated with high　concentrations of nematodes
and／or polychaete tubes，both of which have been

reportedin other studies to have a stabilizing ef－

fect on sediment erosion（nematodes：REIMANN＆

ScHRAGE1978；POlychaetes：RHOADS et al．1978，

but see also discussionin RHOADS＆BoYER1982）．

In fact，the good relationship between faunal PCA

axisl and SSC may stemin part from the abun－

dance of nematodes，Which are both related to SSC

and animportant component of the first PCA

faunal axis．It seems at first counterintuitive that

nematodes should be stabilizers，Since they might
beimagined to break bonds btween grains during
their movement．However，intertidal nematodes fre－

quently attach themselves to grains，uSlng muCuS Se一

Creted by the

to adhere to

1978）．This
the nematode

（1973）has

Changlng the

lnglacunae，

Caudaland pharyngealglandsin order

sand grains（REIMANN　＆　ScHRAGE

SeCretion may bind grains togetherif

densitylS Sufficiently high．CULI」EN
published observations of nematodes

Sedimentary fabric of muds by creat－

POSSibly mucus－Strengthened，through
burrowlng aCtivities．

The mechanism for binding of sediment by

POlychaete tubes operateS throughthe organic ma－
trix of the tube walls．These walls are strong

enoughto come outin one pleCe When surface sand
is mixed，aS OCCurred during our macrofaunal sam－

pling．Kitazato（perS．COmm．）has speculated that

SuCh tubesmaybeespeciallylmpOrtant for stabiliza－

tion where anoxia prevents rapid disintegration of

the tube organics by bacteria；this may be more

Clearly the case for fully anoxic bottoms，e．g．，dur－

lng the summerin the deeper part Of Hamana－ko，

（OGURI1993MS），but may play some role just

below the sediment surface even at our nearshore

Sites whereoxygenlevelsdecreaseJuSt below the sur－

face．

Mobile macrofauna in general，　and U．

monol的rum and meiofaunal bivalvesin particular，
are abundant at sites a′t Which the most extreme

SSC are found．The converseis not true：there are

low SSC values at some sites with U TnOnOl的rum，
whichis what would be expectedif there werelit－

tle flow，independent of any organisms’affect on

Critical veloclty．One can explain the association

Of U monol的rum with highSSC by their tendency
toincrease surface roughness of the bottom during
their crawling and burrowlng．Itis not clear

whether small bivalves，throughfrequent burrowlng
Or Siphoning，mightlead to sediment entrainability，
or whether adult bivalves，nOt COllected heCauSe Of

the depthin the sediment of theirlife－pOSition，

may be responsible for this．

Review of some variabJes not accounted for

Welist several kinds of data not collected that

WOuldlikely b relevant to SSC．Thelistisin－
tended not merely to show alternative explanations

for patterns compiledin this study，butis pre－

Sented alsoin the context of considering the poten－

tial of future compilations of natural datain the

analysIS Of sediment entrainability．

Agglomeration qf’grains：Grain agglomerations

Were destroyed during wet sievlng．An example of

agglomeration would be clay presentin the samples

as sand－Sized　pelloids that behave morelike sand

grains thanindividual clay particles．In this case，

predictions based on the assumptlOn Of mud

entrainment at Verylow flow velocities may bein－

COrreCt，and may explain why the　perCent mudis

not better correlated with SSC．　Floc formation

alsoinfluences the settling velocltyOf entrained par－

ticles，Whichinfluences slgnificantly the temporal

trend of SSC afterinitial entrainment（KTNEKE　＆

STERNBERG1989）．

0′官αやCO几加と扉と鮎函Cとわ几扉叩α花王Cα妙
COαとedgrαⅠ俗，〆♪Cαgpe肋8′．Orq／0′官α几kgわか
ules：Fecal pellets and organlC globules mayin－

CreaSe COhesiveness throughbonding，but may them－
Selves b more easily transported than sand because

Of theirlow densities．The organic content and

COatlng Of grains mayincrease cohesiveness，but

JuSt aSimportantly may affect the abundance of de－

POSit feeders that further affect the surface proper－

ties．

0曙α几k eJはr【応とαCeα几q／8αJd grd乃8：JoHHSOX

（1974）Observed samplesin a variety of samPles

OffWoodsHole；SeVeralofhiss？mPles（＃3to6）
Were similarin textural characterlStics to thosein－

VeStlgated from Hamana－ko；Within thesc sampIcs，

10－30％of the grains were encrusted・Such
encrustaceanslikely change eros10nalproperties．

伽α花と加とZue esとimαとeSq／Sedよme花とαけSとr〟Cと〟reS：

Roughness elements created by animalactivities pre－
Sumablyincrease sediment entrainment，though

their effects may be dwarfed by those of physically

Created rlPples．It may txeinformative to test

their effect by calculatlng，for a glVen area arOund

the site，how many mounds，rlPPles，and other sedi－

mentary disturbances exist．

Vt匂ter content：　The effect of water contentis

more apparent for sediments that are compactable，

thatis，finer cohesive sediments．The effect of sub－

tle variationsin water content，through positionlng

Of sand grains or through　position of small
amounts of clays and silts with respect to sand

POre SpaCeS，lS nOt Wellknow．

q′α几0わαCとerよαJαJd∂e花とたわ　d由とOm mαね：Nu一

merous authors have suggested that cyanobacterial

and benthic diatom mats increase sediment
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consolidation（e．g．，bacteria：CoRPE1974；diatoms：

HoLLAND et al．1974），thoughOnly within the past
two decades have there been quantitative data to

back up this claim．The sort of organic substances

that form on cohesive and non－COhesive sediments

is generally different；those describing bacterial or－

ganic secretions（known as extracellular polymeric

SubstaりCeS・Or EPS）and stabilizersin sandy sedi－
mentslnClude DADE et al．1990　and YALLOP et al．

1994．Epipsammitic diatoms have also been fre－

quentlyimplicatedin stabilizing sands（HoLLAND

eとα7．1974）．

While we did count diatoms during our observa－

tion of meiofaunal content，We COunted onlylarger

diatoms that werecaughtin a63FJm Sieve．In ad－
dition，itis possible that the actual density of dia－

toms would have been found to be higherif we

had used s匹Cial techniques forisolatlng diatom as－

Semblages（e．g．，TAKAHASHI＆KoIZUMI1987）．

Along with diatoms，bacteria are the most com－

mOn Organismsimplicatedwithadhesiveorganicsub－

StanCeS．Though bacteria are most often associ－

ated with sedimentSin environments with relatively

little circulation and　perhaps with decreased

benthos that might have disturbed bacterial mats，
bacterial adhesion has been foundin sandy rlpPles

inintertidal environments（BoER1981）．

Nbture qF the bottom flou）：　Bottom erosion

would seem to belikely affected by the nature of

the bottom flow，e．g，，the degree to which the flow

can be considered smooth or turbulent，Orifitis

subcritical（flowinformation and boundarylayeref－

fects transmitted downstream）or suI光rCritical（see

review by NowELL＆JUMARS1987）．

7セ77pOrか甲αとiαめ′i花とegrαとedero8わ几rαとes：SSC

at one polntin space and time may be the product

Of erosion over a wide area and over some period

of time．In studies of SSC from alake，it can b

Only grossly estimated over what area the grains

have eroded and how sediment has ben concen－

trated or dilutedat thepolnt at Which the SSCsam－

plc has been taken．Itis thusimpossible to calcu－

1ate the rate of erosion，i．e．，erOSionper area and

Per time，With any precision．

SUMMARY AND CONCLUS10NS

The sedimentary texture，benthic fauna，and sus－

Pended sediment concentrations were measured at

21sites at　4locationsin Hamana－ko，Japan．

Thoughdemonstratlnglntralocality variationin all
factors，neVertheless eachlocation seems to have a

Subtly different sedimentary regime and faunal as－

Semblage．

In splteOfthemyriadcomplications that mayln－

fluence sediment entrainment，eXtremely variable

SuSpended sediment concentrations，absence of data

for such centralvariables as shear velocltyandpoly－

SaCCharide concentration，and temporo－Spatiallylim－

ited data sets，a pattern COnSistent with that of
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PreVious studies emerges：the denslty Of nematodes，

Which are believed toexcretelarge amounts of muci－

lage，isinversely correlated to SSC；the denslty Of

POlychaete tubes，Which are also t光lieved to stabi－

lize sediment，isinversely correlated to SSC；the

abundance of mobile epifauna，Which are commonly

blieved to break apart mucilage－bound sediment

andincrease surface roughness，is positively corre－

lated with SSC；and the density of juvenile bi－

Valves，Which through　borrowing may also break
apart cohesive sediment，alsois positively related

to SSC．The first factor of a PCA of the entire

fauna provides the best correlate of all to SSC，

and aninteraction variable faunal PCA axisI x

SedimentologlCalPCA axisl，prOVides the best cor－

relate to SSC of any tried．It thus appears that a

faunal signalis presentin the SSC data collected．

Thoughcontrol of some of theindividual variables，
e．g．，inlaboratory studies，is useful for understand－

ing theireffectsindividually，it may be thatinterac－

tive factors can be best studied uslng Statistical

techniques applied verylarge data sets ofin situ

data．
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