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Abstract

　　　　The　intertida16at　of　the　small　inlet　of　Tsuyazaki，　Fukuoka，　western

Japan，　supports　one　of　the　highest　popuIation　density　of　a　d㏄p　burrower，

Mα60仇α（Mα60？ηα）飢ooηρ㎜（MARTENs），ever　recorded．　Death　of　the　clams

at　burrowing　stage　is　concentrated　in　the　mature　size－classes　of　living　popu－

lation．　And　the　primary　pattern　of　size－frequency　distribution　of　the　dead

shells　derived　directly　from　the　living　population　at　burrowing　stage　shows

asymmetrical　dist亘bution　centering　around　the　mature　size－classes　of　the
species．　This　feature　of　primary　pattem　of　siz〔＞frequency　distribution　is　well

demonstrated　ill　the　great冶r　part　of　the　dead　shell　assmblages　in　bottom　sedi－

ments　of　the　inlet．　A　slight　size－modi6cation　of　the　size－frequency　dist亘bution

of　dead　shells　is　observed　in　this　species．　The　important　factor　controlling

size－modification　in　tllis　species　is　residual　concelltration　of　dead　shells　as　a

result　of　washing　out　of　the　sediment　by　tidal　currents．　This　modi6cation

increases　the　va亘ance　and　size－ranges　without　a　drastic　change　of　the　form

of　the　size．frequency　histograms．

Introduction

　　　　One　of　the　main　themes　in　a　palaeoecological　study　is　how　to　restore

the　lives　of　extinct　organisms　through　a　study　of　fossils．　Palaeontologists　must

evaluate　how　much　biological　information　on　the　ancient　life　is　preserved　in

individual　fossil　and／or　fossil　assemblages．　If　size－frequency　distribution　of

intraspecific　assemblages　of　fossil　animals　can　provide　an　insight　into　the　rela－

tive　age　distribution，　it　may　be　possible　to　infer，　by　analogy　with　populations

of　modern　organisms，　the　population　structure　of　the　extinct　orgallisms．

　　　　On　the　basis　of　DEEvEY’s　works（1947，1950）on　the　mortality　rate　of　many

shallow－sea　molluscs，　BoucoT　（1953）6rst　introduced　into　palaetolltology　the

method　to　reconstruct　the　survivorship　curve　of　fossil　molluscan　species　by

means　of　size－frequency　distribution　analysis．　This　method　has　been　subse－

quently　applied　in　many　palaeoecological　works．　Noteworthy　examples　are　works

on　fossil　brachiopods　by　VEEvERs　（1959），　RuDwIcK　（1962），　ZIEGLER　et　al．

（1966），BROoKFIEL・D　（1973），　RlcHARI）　and　BAMBACH　（ユ975），　and　THAYER

（1977）；fossil　molluscs　by　MITRA（1958），　CRAIG　and且飢L、AM　（1963），　FAGER－

sTRoM　（1964），CRAIG　and　OERTEL・（1966），　CRAIG（1967），HALL・AM　（1967），　STuM－

（1975），and］EloFFMAN（1976）；and　also　on　fossil　vertebrates　by　I（uRTEN（1964），
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and　RlcHMoND（1965）．
　　　　BouCOT，s　method　may　be　well　apPlicable　to　such　deep　burrowing　or　sessile

benthic　animals　as　ostreids　and　brachiopods，　because　we　can　decide　easily　from

the　mode　of　occurrence　whether　a　fossil　sample　represents　an仇8乞仇popula－

tion　or　not．　On　the　contrary，　careful　observation　should　be　paid　to　the　mode　of

occurrence　of　epifaunal　or　shallow　burrowing　vagile　molluscs　which　live　under

the　unstable　hydrodynamic　condition．　If　the　water　movement　gradually　become

strong，　primary　pattern　of　the　size－frequency　distribution　of　a　dead　shell　as－

semblage　will　be　modi6ed　by　selective　transportation　of　small　shells（FAGER－

STROM，1964）．

　　　　CRAIG　and　HALLAM（1963），　FAGERsTRoM（1964），　CRAIG　and　OERT肌（1966），

HALLAM　1967）and　HA肌AM（1972）mentioned　tha七the　pattern　of　size－frequency

distribution　of　an　intraspeci丘c　assemblage　of　dead

semblage　is　determined　by　the　mortality　rate　and

population，　size－selective　modi且cation　of　dead　shells

agents　before　final　burial　on　the　sea　bottom，　and

struction　of　the　dead　shells　through　a　process

in　sediments．

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　of　diagenesls

　　　　　　　　　　　　　The　extent　of　the　post－mortem　modification　is　shown　by　the　dif－

ference　between　the　two　patterns　of　size－frequency　distributions　or　size－specific

survivorship　curves　of　the　dead　shells　derived　dirctly　from　th　living　population

and　that　of　the　dead　or　fossil　shells　in　sediments．

　　　　BOuCOT　（1953），　FAGERSTROM　（1964）and　H飢LAM　（1967）reported　that

many　of　size－frequency　distribution　patterns　of　dead　shells　in　marine　substrates

do　not　always　keep　the　primary　patterns　derived　directly　from　natural　death

of　the　living　populations　and　are　more　or　less　modified　before　the血nal　burial，

and　that　the　modification　proceeds　according　to　a　general　rule．　They　recognized

the　difference　between　autochthonous‘‘life　asemblages，，（sense　BoucoT，1953）and

allochthonous　death　assemblages（sense　BoucoT，1953）on　the　basis　of　the　gen－

eralized　patterns　of　the　size－frequency　distribution．　However，　as　is　already　men－

tioned　by　themselves　there　is　a　possibility　that　the　primary　patterns　of　size－

frequency　distribution　of　dead　shells　and　the　survivorship　curves　of　the　living

populations　changes　species　by　species　as　a　result　of　ecological　features　of　re－

spective　species　and　environmental　conditions．

　　　　Thus，　in　order　to　reconstruct　survivorship　curves　of　fossil　populations　of

the　extinct　animals，　we　must　consider　the　effect　of　post－mortem　modi丘cation

of　size－frequency　distributions　by　physical，　chemical　and　biological　factors．

　　　　Accordingly　it　is　essential　important　in　the　study　of　palaeoecology　to　clear

up　the　cause　and　mode　of　post－mortem　modification　of　primary　pattern　of　size－

frequency　distribution．

　　　　The　present　study　is　intended　as　a　contribution　towards　these　ends．　As

the　first　approach　to　their　solutions，　the　population　growth　pattern　of　deep　bur－

rower，　Mα¢o仇α（AfαCO初α）仇60η9γμα（MARTENs），　in　the　small　inlet　at　Tsuya－

zaki，　North　I（yushu　is　analyzed　in　the　Iight　of　population　ecology．　The　forma－

tion　and　modi6cation　of　the　size－frequency　distributions　of　the　species　in　the

inlet　since　burrowing　life　are　investigated　in　detail．　The　results　are　presented

in　this　paper．

shells　or　a　fossil　shell　as－

growth　rate　of　the　living

by　physical　and　biological

size－selective　chemical　de－

　　　　　　’　after　final　buriaI
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Description　of　stu，dy　area

　　　　The　small　inlet　named“Irie”in　Tsuyazaki，　Munakata－gun，　Fukuoka　Prefec－

ture，　West　Japan，　where　this　work　has　been　carried　out，　is　located　20　Km　north

of　Fukuoka　City（Fig．1）．　This　narrow　bay　is　about　2．O　Km　in　maximum　length

extending　from　north　to　south，　and　its　mouth　opens　to　the　south　to　Genkainada

Sea．

　　　　The　tidal　range　is　about　2．Omat　spring　tides．　At　the　low　tide　an　exten－

sive　tidal－flat　is　uncovered，　through　which　a　main　channel　and　its　tributaries

take　their　courses．　The　tidal　flat　may　be　classified　into　sand　flat，　muddy　sand

flat，　and　mud　flat　on　the　basis　of　bottom　sediment　type　and　the　first　and　third

types　are　developed　in　much　wider　area　than　the　second　one　（SHIMoYAMA，

1979b）．　Tidal　stream　in　the　channel　is　so　swift　that　bottom　sediments　are

sometimes　washed　to　leave　concentrated　molluscan　shells　on　the　bottom．

　　　　Sea　water　temperature　in　inner　bay　ranges　from　about　6°C　in　February　to

34°Cin　July　and　August．

　　　　Two　species　of　sea　grass，　Zo8Zθγα，　grow　thick　on　the　surface　of　the　tidal

Hat．　While　Zo8¢θγαηαηαRoTH　covers　mud　Hats　in　the　inner　part　of　the　inlet，

Zo8εθγα阻αγ仇αLINNAEUs　grow　here　and　there　along　the　channel　in　the　mouth
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Fig．1．　Locality　map　of　Tsuyazaki　in　North　Kyushu．

Fig．2．　Measurements　of　1レfα60mα（ルfα60γηα）抗60πgγ祝α（MARTENs）．

　　H：shell－height．



274 S．SHIMOYAMA

、
S

㎡
　Kyu5hu　Univ・
　Fish．　Re5．　Lob．

、、・、

圏B・。w・dg。・

國Reed　pl。i・

　　　　Chonnel

、

鋪
ぐ

、

》

禽
長
、

Fig．3．　Map　showing　the　sea　grass　Zo8Zθγαzone　in　the　inlet　of　Tsuyazaki．

　　　　　　　Zostera　1：Zo8εθγαwαηα，　Zostera　2：Zθsε杉γα阻αγiηα．

and　central　part　of　the　inlet（Fig．3）．　Clumps　of　two　species　of　Zo8£θγαweaken

the　tidal　current　and　cause七he　deposition　of　muddy　material．　Furthermore，

well－developed　subsurface　stems　of　Zo8εθγαprevent　scouring　by　tidal　currents．

　　　　List　of　the　living　molluscan　species　in‘‘lrie”is　shown　in　Table　1．　Some

molluscan　species　are　regarded　as　characteristic　of　inner　bay　environments．

Although　the　number　of　species　is　small，　number　of　individuals　of　each　species

is　generally　large．　Dominant　benthic　molluscan　species　in　this　inlet　are　as　fol－

lows：Sαω08かθα杉6ん仇αεα（QuoY＆GAIMARD），R祝∂παPθ8批ぜZ⑳P肋αγμ仇（ADAMs

＆REEvE），　C〃cl仇α8仇θη8乞8（GMELIN），1∬αco阻α　（Mαcoれα）仇coη9γμα　（MAR．

TENS），鋤boηZ繊（Sμ硫蹴）批0城Z∫θγμ物（LAMARCK），　L仇0γ拠bγθ屹μ～α
（PんZI拠i），　Cθ碗励θ・P8τIIαα∂元α∂グα碗砲8（K．　MARTENS），　Cθγ批掘θ・P8ZIZαC斑

9μ1αfα（GMELIN），Bα捌1α万αzo？zαZ‘8（BRuGul宜RE），Bα説1αγZα6z6〃↓仇9∬（CRossE），

Bα蹴1αγ乞α物μZ万∫oγ惚乞8（USCHKE）and　Rθ舌τ¢棚α88α∫θ8£加α　（POWYS）．

Material　and　Methods

　　　　In　order　to　investigate　the　density　of　living　Populations　and　dead　shell

assemblages　of　the　species，　I　have　designated　a　grid　of　25　m×25　m　with　an　axis

parallel　to　the　extension　of　the　inlet．　Samples　were　collected　at　ach　point　of

intersection　of　the　grid　using　a　O．25m×0．25msteel　frame（0．15min　depth）

（Fig．4－b）．　It　was　6rst　wedged　into　the　sediments　to　a　depth　of　O．15m，　and

then　the　contents　were　dug　out．　The　above　mentioned　procedure　was　repeated

four　times　to　cover　an　area　of　O．5m×0．5mwhich　was　defined　as　a　sampling

unit　taking　into　consideration　of　the　result　of　test　sampling．　The　sediments

were　then　sieved　through　an　l　mm　standard　sieve．
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Table　1．　hst　of　living　molluscs　in　the　inlet　of　Tsuyazaki．

Pα¢θZZo緬α（ααzα¢阻θα）P〃9伐．αθαZα仇Pα痂60Zα（HABE）

ひm60η㌦推（SZLCん伽阻）阻o励Z乞∫θγμ阻　（LAMARCK）

Cα励ん．αγ掘祝8∫仰om6μsグ仰o励6μ8（A．　ADAMS）

Moγτo．∂o励αZα抗o　coη∫祝8α．　TAPPARoNE－CANEFRI

LμηθZIα60γoηαZα¢oγθθη8τ8（RECLuz）

L仇oγ仇αbγθ砲μ，Zα（PHILIPPI）

Lπ£0ηηop8ゼS　80．αbγα　（LINNAEUS）

No1〔》伍社o仇りzα杉励9μα（DUNKER）

τeMαηθZZα枷γη¢α．（A．　ADAMS）

Cθ万硫∂θOP8祝匹α砺α‘∂ブα屹η8τ8（MARTIN）

Cθ％εんτ〔1θOP8辺αc仇9励αεα（GM肌IN）

Cθγ⑰んτ（1θαγん．τzOPんow仇γん20んoγ祝阻A．　ADAMS

Cθ碗εん掘θαoγηα¢αA．ADAMS

BαがZZαγτα・20η．α屍8　（BRUGUI適RE）

Bα撹πα万αγη祝Z¢ザ0γmτ8（1」ISCHKE）

Bαが〃αγZα6τωητη9τi　（CROSSE）

王7砺θηθZZα忽μpo掘θ8（A．　ADAMS）

1九∫θηθ〃αγμ∫oo仇6εα（A．　ADAMS）

Dげα膓αbαが6τα（A．ADAMS）

α〃Pθα襯oγ祝81協働砺8（DUNKER）

1eθ乞S万α6Zα働gθγα　（KUSTER）

Rθ施μη‘α88α∫θ8Z初．α（POWYS）

NτoZんαZ初θ86θγτ．s（PHILIPPI）

Hθ脱W8μ8εθγηα¢αημ8（GM肌IN）

8yγηoZαc仇6εθZLαA．　ADAMS

Lθμ60亡仇．αgigα励θα（DUNKER）

P〃γgoZαγηPγ08んかα（loθη8乞8　（PILSBRY）

1）θ60Zザθγ仇sτ9ηττ8　（PILSBRY）

ルfθ1αγ仰）τL88仇gαPoγθ7τ8i8　PFEIFFER

Nμ6砿αpα視伽ZαA．ADAMS
Bαγbα万αui．γθ8¢θη80b施80掘θα（NYST）

S6αPんαγω8視60γ梛αZα（LISCHKE）

Mμsc祝ZτL8　（Mμ86祝Zτ8右α）8θηんαμ8乞α　（BENSON）

Sαの8伽θαθ6Mηαε・α（QuoY＆GAIMARD）

Pτ1レ6仇α（Pizz祝σ仇α）ρi8Z（1㌦阻（DUNKER）

FθZαητθμα80ωθγb紗］1（URODA＆HABE

RZL∂παPθ8　Pん捌Pμ’ηαγμ阻（ADAMS・＆REEVE）

Cか0θ8Cηp¢α（1」INNAEUS）

ルfθγθか抱伽80冗αR6DING

Cycl仇α8仇θη8τ8（GM肌IN）

Pんαco80仇α元αpo励側糀（REEVE）

Coθ6θZ膓α6ん仇θη8τ8　（DESHAYES）

Mαc亡γα（Mα6¢．γα）勿θηθγげoγ悦τ8REEVE

ルfθガ8Cα　（Pi8かτ8）6αPSO掘θ8　（LAMARCK）

MoθγθIZαγμ斑α（DUNKER）

ルfα60仇α（Mα¢o仰乙1α）仇60η9Wα（MARTENS）

Mα60mα（Mα60仇、α）co励α6μZαεα（DEsHAYEs）

Solθη8¢死6Z祝8　GOULD

Lα¢θγη祝ZαIiMτ60Zα．（REEVE）
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Fig．4．　a：Culturing　quadrate　for　1匪．（ハ4．）仇coηgγμ‘αhaving　an　area　of　l　m×

　　2m．　b：Asteel　frame　of　O．25　m×0．25　m　square　for　the　quantitative　sampling

　　of　living　and　dead　shells．
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　　　　The　purpose　of　the　statistic　investigation　of　living　populations　is　to　gather

data　on　the　primary　size－frequency　distribution　of　dead　shells　that　are　directly

supplied　through　the　mortality　process　of　a　living　population．

　　　　五ve　samples　of　Mα¢o仇α（Mαcoγηα）仇coη9γ鋤（MARTENs）were　collected

usually　from　2010cations　at　bimonthly　intervals　from　July，1976　to　July，1978．

She11－height　of　all　the　clams　sampled　from　quadrate　l　m×1m（16　unit　samples）

were　measured　using　a　slide　caliper（Fig．2）．　Size－frequency　histograms　of

living　populations　were七hen　provided．　Marking　technique　was　used　to　obtain

data　on　growth　and　mortality　of　each　individual　under　the　natural　condition．

The　data　provide　knowledge　on　growth　and　mortality　rate　of　populations　Mark－

ing　was　made　by　attaching　a　piece　of　coloured　soft－plastic　chip　on　the　shell

with　a　fast－drying　binding　agent．　Due　to　the　di伍culties　in　practice，　the　clams

less　than　5　mm　in　shell－height　were　omitted　from　the　marking．　Marked　clams

were　released　in　lm×2mquadrates，　that　were　staked　at　four　corners（Fig．

4－a）in　the　study　area　and　two　months　later　their　shells　were　measured　again．

　　　　Dead　shells　in　the　bottom　sediments　of‘‘Irie”were　investigated　at　many

Iocations　in　order　to丘nd　out　whether　the　primary　size－frequency　distribution

of　dead　shells，　that　were　directly　produced　through七he　Inortality　process　of

Iiving　population，　was　mailltained　or　not．　If　the　size－frequency　distributions　of

dead　shells　in　the　sediments　are　signi6cantly　different　from　the　primary　pat－

tern，　the　cause　of　the　modification　should　be　found　out．　Quadrate　with　an

area　of　O．5m×0．5mwas　dug　out　to　a　depth　of　O．15mat　about　15010calities．

The　dug　sediments　were　sieved　through　a　l　mm　screen．　Dead　shells　larger七han

lmm　in　shell－height　were　measured．　The　size－frequency　distributions　of　dead

she11s　from　the　respective　bottom　sediment　samples　are　shown　by　histograms，

from　which　size－specific‘‘survivorship’，　curves　are　reconstructed．　Systematic

collection　of　dead　shells　at　localities　deeper　than　l　m　at　ebb　tide　in　the　channeI

and　outside　the　inlet　were　made　using　a　O．25　m×0．25　m　Ekman－Birge　bottom

sampler．

Results

1．Process　of　dead　shell　production　in　living　population

　　　　The　distribution　of　living刀イ．（M．）仇60ηgγμαin‘‘lrie”，　is　shown　in　Fig．5．

Living　population　of　the　species　is　found　in　the　mud　flat　on　which　sea　grass

Zo8τθγαηαηαRoTH　or　Z．仇αγ仇αL、INNAEus　grows．　The　average　population　den－

sity　1∬．（バグ．）仇¢o％gγ％αis　about　12　to　16　individuals　per　square　meter．　Maxi－

mum　population　density　sometimes　reaches　50　individuals　per　square　meter　at

the　Iocations　in　the　inner　part　of　the　inlet（Fig．6）．　The　population　of　the　mud

clam　in　the　inlet　shows　random　distribution．

　　　　Mud　clams　larger　than　10mm　in　shell－height　normally　burrow　into　the

sediments　approximately　O．05mto　O．15mbelow　the　bottom　surface．　At　high

tide，　mud　clam　extends　its　inhalant　siphon　above　the　bottom　surface，　and　sucks

in　detritus，　which　are　then　sorted　on　the　gills．　The　feeding　habit　is　almost　the

same　as　the　feeding　of　Scγob乞¢μ1αγiαplαηα（DaCosTA）（see，　HuGHEs，1969）．

　　　　According　to　field　observations　in　March，1977，　a　strong　correlation　exists
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between　burrowing　depth　and　shell－height　so　far　as　individuals　larger　than　10

mm　in　shell－height　are　concerned．　Juvellile　clams　smaller　than　10　mm　do　not

burrow　appreciably，　but　creep　on　the　mud　surface．

　　　　Juveniles　recruited　in　the　year　begin　to　burrow　in　the　bottom　sediments

from　following　autumn　to　winter．　As　a　general　rule，11umber　of　juveniles　is

smaller　than　that　of　adults．　From　July，1976　to　July，1978，　samples　for　meas－

urements　were　obtained　from　the　bottom　sediments　of　eighty　quadrates　of　O．25　m

×0．25m．　The　samples　were　collected　at　randomly　selected　locations　on　the　be－

fore　mentioned　grid　at　bimonthly　intervals．

〆
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Fig．5．　Distribution　of　living　llZ．（」∬．）仇¢oηg物α（dotted　portion）．
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Table　2．　The　regression　equations　of　she11－height　in　one　month

　　　　（Hロ）and　shell－height　in　successive　two　months（H頭）．

％十1 ケ2 α b N
Ju1．

Sep．

Nov．

Jan．

Mar．

May
Ju1．

Sep．

Nov．

Jan．

Mar．

May

Sep．

Nov．

Jan．

Mar．

May
Ju1．

Sep．

Nov．

Jan．

Mar．

May
JuL

0．99

1．00

1．00

0．99

0．91

0．98

1．00

1．00

1．00

0．99

0．98

0．98

1．21

0．09

0．42

1．20

3．28

1．11

0．35

0．45

0．96

1．43

2．54

2．68

0．94

1．00

0．98

0．95

0．84

0．95

0．98

0．98

0．95

0．93

0．87

0．87
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Fig．7．　Bimonthly　inerement　in　she11－height　of　1∬．（1Lf．）飢coπρアμαin　a　quadrate

　　　of　l　m×2m．　a：death　of　a　clam，　b：recruitment　of　a　clam　to　the　quadrate，

　　　c：escape　of　a　clam　from　the　quadrat冶．
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　　　　Marked　clams　were　released　in　the　speci6ed　quadrates．　That　is　to　8ay，

four　quadrates　of　lm×2mwere　chosen　in　the　central　part　of　the　distribution

area　of　living　clams，　and　marked　clams　were　released　into　each　quadrate．　Two

quadrates　of　l　m×2mwere　dug　out　for七he　purpose　of　gathering　accurate　data

on　annual　mortali七y　and　growth　rate　of　clams．　The　clams　were　measured　at

bimonthly　intervals　from　July，1976　to　July，1978．　Another　two　quadrates　of

lm×2mwere　set　for　purpose　of　estimating　the　interference　of　the　measure－

ment　procedure　on　growth．　The　quadrates　were　dug　out　a　year　or　two　years

later．　A　linear　function　is　obtained　from七he　measurements　of　shel1－height　by

successive　observations　of　bimonthly　intervals　and　the　mean　growth　rate　per

two　months　can　be　estimated　from　the　function．　The　regression　equation　was

calculated　as　shown　in　Table　2．

　　　　The　shell　growth　rate　of　the　species　is　high　in　spring　and　summer，　and　it

is　more　rapid　in　smaller　clams　than　in　larger　ones．　The　processes　of　shell

growth　and　death　of　97　clams　in　location　of　the　inlet　during　years　are　showl1

40

O
O

　
4

」01．，1976

N
∈
N
」
Φ
α

二
〇
⊃

コ
》
モ
忘

℃
」
Φ
』
§
Z

O
O

　
4

O
O

　
4

0
0

　
4

O
O

　
4

40

o
o 10 15 20 25　0 10 15 20 25

　　　　　　　　　　　　　　　　　　　　　　　Shell　Heigh†　in　mm

Fig．8．　Seasonal　change　in　the　size－frequency　distribution　of　living

　　ルf．（ルf．）仇coη9物α．



Size－frequency　Distribution　of刀ぜα¢o㎜仇¢oηgγμα 281

in　Fig．7．　It　is　clearly　indicated　that　younger　clams　show　a　larger　growth　rate

than　the　adult　animals，　and　that七he　shell　growth　is　stagnated　in　the　size－・

classes　above　18　mm　in　shell－height．

　　　　The　mortality　rate　of　Iiving　population　through　growth　stages　may　be

estimated　from　bimonthly　analysis　of　shell　growth　of　the　marked　clams　and

the　seasonal　change　of　their　size－frequency　histograms（Fig．8）．　Size－frequency
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　　population　during　two　years　from　July，1976　to　July，1978．
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distribution　of　dead　shells　derived　from　Iiving　population　at　the　interval　from

July，1976　to　July，1978　is　summarized　in　Fig．9．　This　6gure　represents　the
‘‘

primary”unmodined　pattern　of　the　size－frequency　distribution　of　the　dead　shell

population．

　　　　The　size－speci6c　survivorship　curve　of　the　living　population，　obtained　from

bimonthly　analysis　of　mortality，　is　shown　as　a　dotted　line，　s．1．，　in　Fig．12．　In

the五gure　the　initial　number　of　population　is　assumed七〇be　1000　individuals

per　square　meter．

　　　　The　primary　pattern　of　the　size－frequency　distribution　of　the　dead　shell

population　is　characterized　by　a　large　mor七ality　in　the　adult　s七age．　The　fre－

quency　distribution　is　essentially　a　normal　curve　with　a　sma11　variance．　Sample

mean　of　the　shel1－height　rallges　from　18　to　22mm　in　the　central　part　of　the

habitat．

2．Distribution，　size－frequency　distribution，　and　size－specific　‘‘survivorship，’

　　　curves　of　dead　shell　assemblages

　　　　The　distribution　and　relative　abundance　of　dead　shells　of　2∬．（M．）‘？z60？zgγ％α．

are　shown　in　Fig．10．　Distribution　of七he　dead　shells　overlaps　widely七hat　of　the
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1iving　population．　The　dead　shells　are　concentrated　on　the　mud且at　and　the

bottom　of　the　inlet．　Maximum　number　of　dead　she11s　attains　more　than　200

individuals　per　square　meter　at　several　locations　in　this　inlet．　These　locations

on　the　mud　flat　are　coincident　approximately　with　the　high　density　area　of　the

living　clams．

　　　　The　size－frequency　distribution　of　dead　shells　at　eight　locations　（a，　b，

c，．．．and　h）is　shown　in　Fig．11．　The　size－frequency　distribution　patterns　of

dead　shell　samples　from　various　locations　resemble　that　of　the　living　population

in　having　a　small　mean　size　and　a　small　standard　deviation　except　for　a，　b，　d

and　e　which　came　from　the　channel（Fig．9）．　The　size－speci丘c‘‘survivorship”

curves　reconstructed　from　the　size－frequency　histograms　of　dead　shell　samples

are　shown　in　Fig．12．　They　are　super且cially　similar　to　that　of　the　living　popu－

lation．　However，　the　size－frequency　histograms　of　the　samples　from　the　chan－

nel　show　a　much　larger　variation　than　that　of　living　population．　It　is　probably

suggested　that　the　dead　shells　in　the　channel　are　composite　in　origin　derived

from　several　dead　shell‘‘populations”with　different　mean　size．

Discussion　and　Conclusions

1．The　‘‘primary’，　pattern　of　size－frequency　distribution　of　the　dead　shell　as－

semblage　and　the　survivorship　curve　of　the　living　population　of　M．（M．）
　

Z？乙¢0ηgγμα

　　　　The‘‘primary’，　size－frequency　distribution　pattern　of　dead　shells　derived

dir㏄tly　from　living　population　is　shown　in　Fig．9．　The　size－specific　survivorship

curve　of　the　living　population，　obtained　from　bimonthly　analysis　of　the　mortality

rate，　is　shown　as　the　dotted　line，　s．1．，　in　Fig．12．　As　shown　in　this　figure，　larger

mortality　in　the　young　ontogenetic　stage　larger　than　3　mm　in　shell－height　is

not　recognized，　but，　in　contrast　with　this，　a　larger　mortality　rate　in　the　early

mature　stage　is　recognized．　Information　about　settlement　of　metamorphosed

larvae　is　not　available　because　of　the　method　adapted　in　the　present　study．

However，　recruited　juveniles　of　a　small　number　appear　constantly　from　autumn

to　winter　every　year　in　the　burrowing　habitat　of　this　species．

　　　　Number　of　the　yearly　recruitments　is　usually　smaller　than　that　of　the　adult

clams　in　a　population．　It　takes　two　or　three　years　for　the　juvenile　clams　of

approximately　10　mm　to　grow　up　to　the　adult　size－class　with　a　shell－height　of

approximately　18　mm．　In　spite　of　high　rate　of　mortality　in　the　adult　size－class

of　this　species，　the　death　in　the　premature　stages　is　relatively　small　in　number．

Agreat　number　of　dead　shells　of　the　species　at　burrowing　stage　is　found　in

adult　size－class　having　a　shell－height　of　approximately　19　mm．　So　the　mode　in

the　primary　size－frequency　histogram　of　the　dead　shells　nearly　overlaps　the

model　size－class　of　a　living　population　at　burrowing　stage，　although　the　mean

value　of　the　former　is　smaller　than　that　of　the　latter（Figs．9and　11）．　The

sample　standard　deviation　of　the　size－frequency　of　the　dead　sllells　aproximately

coincides　wi七h　that　of　the　living　animals　and　is　con五ned　to　less　than　3．0．　The

average　of　the　adult　size　of　a　living　population　slightly　changes　by　place　with－

in　the　inlet．　Therefore　the　mean　value　of　the　primary　size－frequency　histogram
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of　the　dead　shells　derived　directly　from　living　population　also　slightly　changes

among　samples　from　different　areas　in　the　inlet．

　　　　As　a　general　rule，　survivorship　curve　is　expressed　by　the　number　of　sur－

vivors　in　every　age　class，　but　palaeolltological　survivorship　curve　is　expressed

as　size－specific　survivorship　curve，　because　the　latter　method　is　more　practical

than　the　former　in　treating　fossil　shell　assemblages．

　　　　Ithink　that　the　mortality　rate　of　1匪．（ルf．）仇60ηgγ％αcalculated　on　the

basis　of　bimonthly　analyses　of　a　caged　population　in　the　culturing　quadrate　is

probably　overestimated，　because　I　repeatedly　disturbed　the　natural　Iife　in　bur－

rowing　by　digging　out　the　marked　clams　from　the　muddy　sediments　every　two

months．　This　procedure　might　induce　a　larger　mortality　of　clams　than　under

皿atural　conditions．　This　expected　experimental　error　is　evaluated　through　a

comparison　between　the　number　of　dead　shells　in　the　above　mentioned　cage

and　those　in　another　cage　that　has　been　left　along　for　two　years．　Two　cages

were　set　in　the　neighbouring　areas．　The　error　ill　the　estimation　of　the　mor－

tality　rate　owing　to　the　repeated　disturbance　attains　15　percent　at　most．　As

the　error　is，　however，　considered　to　have　been　random　in　all　the　size－classes，

error　has　no　apPreciable　influence　on　the　basic　pattern　of　the　size－specific　sur－

vivorship　curve，　if　the　tolerance　for　disturbance　mentioned　above　is　the　same

among　individuals　of　different　size－classes．

2．　Size－frequency　distribution　and　size－speci6c　survivorship　curve　of　dead

　　　shells　in　bottom　sediments　in　Irie

　　　　Density　of　dead　shells　of　the　species　in　the　bottom　sediments（0．15min

depth）is　shown　in　Fig．10．

　　　　In　this　deep　burrowing　species，1∬．（λf．）仇coηgγ％α，　no　significant　difference

exists　among　size－frequency　histogram80f　dead　shell　assemblages　in　the　bottom

8ediments（Fig．11）．　However，　a　slight　difference　is　seen　in　the　histograms　that

may　be　attributed　to　a　difference　in　size－frequency　among　original　living　popu－

Iations．　In　fact，　mean　values　of　the　size－frequellcy　distribution　differ　slightly

from　one　another　among　Iiving　samples　from　di鉦erent　localities．　They　vary

from　17．O　to　20．5　mm．　This　variation　is　probal）ly　caused　by　different　growth

condition　in　different　localities　within　the　distribution　range　of　species，　and

becomes，　in　turn，　a　cause　of　the　variation　in　the　mode　of　the　size－frequency　dis－

tribution　of　dead　shell　assemblages．　Dead　shell　assemblages　from　the　bottom

surface　of　the　channel　show　a　tendency　toward　a　normal　distribution　of　size－

frequency　with　a　large　variance　as　a　result　of　duplication　of　many　dead　samples

of　different　origin　with　a　different　mean　size．　It　is　noteworthy，　however，　that　the

dead　shell　assemblages　from　channel　still　keep　the　basic　patterns　of　the　primary

size－frequency　distribution　of　the　dead　she11s　derived　directly　from　the　livillg

population．

3．Preservation　of　the　primary　information

　　　　Degree　of　preservation　of　primary　information　on　the　size－frequency　distri－

bution　of　a　dead　shell　assemblage　derived　directly　from　the　living　population　is

determined　by　many　different　factors，　especiaUy　by　the　ecological　characteristics
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of　species．　Pattern　of　primary　size－frequency　distribution　is　controlled　by

several　main　factors；annual　change　of　absolute　number　of　recruits，　a　ratio　of

number　of　recruits　to　the　number　of　adults，　growth　and　mortality　rate　of　re－

cruits，1ength　of　a　genera七ion，　etc．　as　already　pointed　out　by　many　authors．

　　　　BoucoT（1953），　CRAIG　and　HA肌AM（1963），　FAGERsTRoM　（1964），　HALLAM

（1967），HALLAM　（1972）and　some　other　palaeontologists　discriminated　be－

tween　autochthonous　unmodi6ed　assemblages　and　allochthonous　modi五ed　as－

semblages　on　the　basis　of　the　generalized　patterns　of　the　size－frequency　distribu－

tion　of‘‘fossil　population’，．　It　is，　however，　di伍cult　to　estimate　the　degree　of

preservation　or　modi6cation　of　the　primary　data　on　the　basis　of　the　generalized

patterns　of　size－frequency　distributions，　because　the　primary　pattern　of　size－

frequency　distribution　of　dead　shells　derived　directly　from　the　living　population

basically　ref董ects　ecological　characteristics　of　the　species　in　question　and　differs

species　by　species（SHIMoYAMA，1979　a）．　Furthermore，　the　important　factors　con－

trolling　size　modi且cation，　i．e．　transportation　and　residual　concentration　of　dead

shells　by　water　currents，　and　destruction　of　shell　by　a　predator，　do　not　act　ran－

domly　on　all　the　size－classes　of　dead　shells．　It　maybe　inferable　that　the　size

modi6cation　by　physical　factors　is　much　more　remarkable　on　the　shallow　bottom

onεm　open　coast　than　in　a　sheltered　bay．

　　　　Further　studies　on　the　population　structures　of　shell－bearing　organisms

are　necessary　for　the　future　advancement　of　the　palaeoecology．
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