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工NTRODUCで工ON

Communities of sessile・Organisms are suitable for

the study of succession，becaus早　the sessile nature of

those organisms makes observations and manipuiation easY，

their turnover rates are high，and their communitY

developmentis rapid．

Margalef（1968）and Odum（1969）proposed a

hypothesis on the changes through succession of the

StruCturai and functionai attributes of communities such

as species composition，COmmunitY StruCture，COmmunitY

metabolism，COmmunitY biomass and communitY maturitY．

The hYPOthesis predicted that these communitY attributes

WOuld developinto a stable，mature State dominated bY

largellow metabolic and K－Seiected speciesin stable

environments，While theY WOuld remainin animmature

State dominated by small，high metabolic and r－Selected

SPeCiesin unstable environments suffering phYSical or

biologiCal disturbances．　However，this remains

COntrOVerSial（Drury and Nisbet1973，Horn1974，Connell

and Slatyer1977）．

Zt has been shown that the determination and

maintenance of the communitY StruCture Of sessile

Organisms areinfluenced bY SeVeral factors such as

desiccation（DaYtOn1971）．waves and scouring bY StOrm

（Kitching1937），eXPOSure tO WaVe aCtion（Hoshiai1965），
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Shading（Kain1969），log damage（DaYtOn1971），

Sedimentation（McDougal11943），graZing（Bakus1966），

herbivorY（Randal11961）．predation（Stephenson and

Searles1960），．and overgrowth（Hoshiai1959，1960．1965）。

Besides．itis thought that morph01ogiCai，physiologiCal

and ecologiCai characteristics of species appearing

during successioninfiuence the process of succession．

Nevertheless，the correlation between the structurai and

functional attributes of communities through succe＿SSion

remainsindistinct because studies on the changes of the

functional attributes are still few．　Thus，a

COmprehensive understanding of succession needs

investigating the changes of the structural and

functionai attributes of communities through succession

in stabie environment as well as in unstable one．

Zinvestigated the succession of sessile organisms

bY SuSPending experimental plates at four fixed depths of

the subtidal　2：lone regarded as more stable thanin the

intertidal　2＝One・　The changesin species composition′

COmmunitY StruCture，COmmunitY metab01ism，COmmunitY

biomass and communitY maturitY Of sessile organisms

through communitY development wereinvestigated for the

purpose of testing the hypothesis of Margalef（1968）and

Odum（1969），and clarifYing the generai characteristics

in the communitY development of sessile organisms．
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MATER＝ALS AND METHODS

Study site

The study site wasin Nabeta BaY adjacent to Shimoda

BaYlocated at the southern end of the Zzu Peninsula，

Japan（34039■40，，N；139056－35一，E）．This site has a water

depth of　6．0　m atlowestlow tide andislocated ca．400

m from shimoda Marine Research Center（S．M．R．C．）of

UniversitY Of Tsukuba where various observations and

measurements were carried out（Fig．1）．　Surface water

temperaturesin Nabeta BaY Varied between13・60C

（FebruarY）and　24．80C（August）during the study period．

Surface salinities variedlittle，ranging from　32．6％oin

July t0　34．2％。inJanuary．　These data were supplied from

S・M．R．C．of UniversitY Of Tsukuba．

工mmers土on of 1ates

in the first series of experiment（seriesl）．

COnCrete piates（20　cm x　20　cm x　2　cm）were set at depths

Ofl．0，2．5，4．O and　5．5　m below sealevel onJulY　9，

1974　toinvestigate the changes of the above一mentioned

StruCtural and functional attributes of communities

through succession（Tablel and Fig．2a）．　These depths

are respectiveiY designated as Depth A，B，C and Din the
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f01lowing description．in the second series（Series　2），

Plates were set at the same four depths on August　8，1975

toinvestigate the effect oflightintensitY On COmmunity

metabolism．andin the third series（Series　3），Plates

Were Set at Depth B on August　8，1975　and August　9，1978

toinvestigate the effect of temperature on communitY

metab01ism（Tablel）．　On each setting occasion，a Set Of

4　plates was fixed with concrete cement to a

p01YprOPYlene rope at the position corresponding to each

depth′　and plates were suspended verticallY at eaCh depth

（F19．2b）．

Zn series1．8　ropes with16　plates were tied，in

the seal tO a gaivanized pIPe floated by several buoys so

as to maintain the plates at the four fixed depths below

the sea surface（Fig．2a）．　This pipe was oriented

northwest and southeast and held with several anchors to

avoid the action of waves or swellsr especialiY during

tYPhoonsin summer（Fig．2a）．　A roundiron bar was

attached to the bottom ends of the ropes to avoid mutual

COntaCt Of plates（Fig．2a）．　The distance between

Vertical ropes was　70　cm．　＝n series　2　and　3，

experimental plates were suspendedin emptied positions

after sampiing of several plates of seriesl bY uSing the

Same galvanized pIPe．
■
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Sampling

Sampling of the plates of seriesI was carried out

four timesin the first Year（Aug．23－Sept．2，1974；Nov．

8－17，1974；Jan．10－18，1975；May1－13，1975）and then

three timesin thelate summers or early autumn of

Subsequent YearS（Aug．9－15，1975；Sept．6－23，1976；Aug．

7－18，1977）；theimmersion period from setting out plates

until each sampling timeis represented bY the

approximate number of elapsed months′i．e．r　214′　6110r

13，26　and　37months（Tablel）．　＝n seriesl，a tOtal of

112plates were detached from the ropes for

investigation・One rope with16plates wasleftin place

toinvestigate further biotic changes・Sampling of the

Plates of series　2　and　3　was carried outin1977　and

1978，reSPeCtivelY（Tablel）．

On each sampiing occasionr a set of　4　plates at the

deepest depth was first detached from the rope and raised

CarefullYP SO aS nOt tO damage the organisms on the

Plates・The piates were carefullY detached from the rope

With a hammer and screwdriver．TheY Were tranSPOrted to

thelaboratorY at S・M・R・C・l and keptin a running

SeaWater tank untii observation and measurement．
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Observation and measurement

Fig・3is a flowchart showing the procedure of

Observations and measurements carried out on the plates

Of seriesl・At each sampiingr samples taken from Depth

D were dealt with according to this procedure・　Metab01ic

rates of the samples were first measured as soon as

POSSible toinvestigate communitY metab01ism・　The plates

Were then photographedin color and the positions of

SeSSile organisms on the plates were sketched brieflY tO

estimate their coverages（％）．　All the organisms on one

half of each plate were stripped off with a hammer and

Paint scraper，and were used for the measurement of

COmmunity biomassli・e・l Chiorophyll皇J Organic carbonJ

Organic nitrogenr drY maSSl aSh drY maSSr and ash－free

dry mass・All the organisms on the other haif of the

Plate were preservedin a　70％　ethan0l s01ution for

identification・SubsequentlYr the plates removed from

Depths C，B and A were treatedin the same manner as

described above・Three of　4plates at each sampling were

used for the above一mentioned observations and

measurements，butin some cases onlY　2　plates were used．

The remaining plate was used foridentification．

（1）．Coveraqe

The coverages of sessiie organismsin the central
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area（16　cm x16　cm）of piates were estimated by the

analysis of photographs（Fig．2C）．　The peripheral area

WaS eXCluded from counting because of a possible edge

effect caused bY SeSSile organisms or possible damage

OCCurring during the experiment・　The photographs were

PrO〕eCted ontoI cm xI cm graph paper，and the coverage

Of each species was calculated bY COunting the number of

SquareS OCCuPied by the attachment sites of sessile

Organisms．

（、2）．机etabolic rates

Total metaboiic rates of organisms existing on

Piates（20　cm x　20　cm），i．e．，net PrimarY PrOduction of

COmmunitY（Pn）and communitY reSPiration（R）′　Were

measured bY uSing a metabolism measurement apparatus as

Shownin Fig．4．　Their measurements were made under

COnStantlight orin darkness at constant water

temperature・　The water temperature at each measurement

WaS Set aCCOrding to the mean surface water temperature

in Nabeta Bay during each sampiing timein the past　5

YearS（Tabiel）．　Before measurement，all the organisms

On the fourlateral faces of each plate were stripped

With a hammer，Chisei and whetstone．　＝mmediately．the

plates were placedin a water bath of　3001iter kept at

fixed temperature within a variation of O．20C．and then

the organisms were acciimated to constant temperature and
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to constantlight or darkness atieast for15　minutes．

Three respiro－Chambers（3．9　0r　5．651iter）fitted with a

Stirrer are set on theinside wood rack ofits bath（Fig．

4）・The respirO－Chambers are made of clear acrylic

Plastics and are able to be closed tightlY by silicone

rubber tube and several pinChcocks during measurement．A

500－Watt Candescent fl00dlightinstalled37　cm over each

Plate providedits surface with23tOOOlx．The amount of

diss0ived oxYgenin the water within the respirO－Chamber

WaS determined with Winklerls method at the beginning and

the end of each measurement．　The duration of measurement

WaS　5　t0　30minutes・　This duration was arbitrarily

determinedJ taking account of both biomass of each sample

and temperature at measurement．During measurementl

OXYgen COnCentration was never allowed to supersaturate

the water or to decrease toless than4．22mg02／1．

Measurements were all carried outin the daYtime to

exclude theinfiuence of diurnal rhYthm of organisms●

Whenlarge algael

divaricatum and

Codium latum

Eisenia

．呈．fra如1e．⊆．

bicyclis，Were VerY maSSive on

Platest theY Were Cut from their hoidfasts before

meaSurement，and then E．bicyclis was dividedinto the

biades and stipe．　The metabolic rates of these four

SPeCies were measured by using the wh01e of separated

PartS Or Were eStimated bY uSing the smail portion●
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（3）．B土omass

After measuring community metab01ism and sketching

the positions of sessile organisms on the plates for the

estimation of their percent cover，the organisms on one

half of each plate were all stripped off with a hammer

and paint scraperl Were homogenized with a　コuice mixert

and were used for the measurements of chlorophYil旦′

Organic carbon，Organic nitrogen．drY maSS，aSh drY maSS′

and ash－free dry mass．　The amount of chlorophYil ain

the homogenate was determined bY a mOdified routine

method（SCOR－UNESCO1964）；the absorbance at　430′　630，

645　and　665　nm of the　90％　acetone extracts of samples

Which were ieft at　3　to　50cin the dark for　24　hours was

measured with a spectrophotometer．

The remainders of the extracted sampies were dried

in a hot－air drier at　800C，and then were povdered with

an eiectric－POWered coffee mili．　The amounts of organic

Carbon and organic nitrogen were determined from a small

Part Ofits powder by TYulin．s ana micro－Kjeldahl’s

methodT reSPeCtivelY・　A small part of the rest was burnt

in a muffle stove at　5000c for　6　hours．　Ash－free drY

mass was then determined bY Subtracting ash drY maSS from

total dry mass．
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Effect of li ht intensit hotos nthetic metabolism

Effect oflightintensity on photosYnthetic

metab01ism was examined on the plates of series　2

immersed for ca．2　YearS（Tablel）．　Plates were exposed

to seven differentlightintensities from　5′800　t0　36r500

lx at24℃to determine net primarY PrOduction of

COmmunity（Pn）and to darkness at　240c to determine

COmmunity respiration（R）．　At the biginning and the end

Of these measurements′　the amount of dissolved oxygenin

the water within a respirO－Chamber was determined with

Winklerls method・The acclimating time and the measuring

duration of samples under those conditions were the same

as the samples of seriesl．　The measurement of oxygen

COnCentrationin water was made under the condition

Without supersaturation or depletion of oxYgenin a

respirO－Chamber．

Effect of tem erature on metab01ism

Effect of temperature on communitY metab01ism was

examined on several plates of seriesl and on16　piates

Of series　3（Tablel）．　＝n this measurement，Plates were

exposed at four or five different temperatures from12　to

24℃under23，000lx orin darkness．Acclimating time of

SamPles was atleast15minutes●　The measuring duration
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WaSlO to　40　minutes′　taking account of both biomass of

each plate and temperature at measurement●　At the

beginning and the end of each measurementl the amount of

diss0lved oxYgenin the water within a respirO－Chamber

WaS determined with WinklerIs method．　The measurement of

OXYgen COnCentration in water was made under the

COndition without supersaturation or depletion of oxYgen

in a respirO－Chamber．
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RESULTS

1．S eCieS COm OSition and ercent cover of al

Macroalgae were not found on anY Of the plates

immersed for up to2months●　Though articulated and non－

articulated coralline algae of the family Corallinaceae

Were found on all platesimmersedlonger than　2　months′

theY are nOtincludedin this studY because of difficultY

in discriminating their presence or absence accuratelYin

the photographic analYSis・During the period from4t0

37months afterimmersion′　a tOtal of17species of algae

Were Observed．　The changesin mean cover（％）of these17

SPeCies during the period of studY are Summarizedin

Table2・The time of appearance of each species and

Changes ofits percent cover during communitY development

are described below for each phYlum・

（1）．Chloro h ta

旦垣担qp垣wrightiana，旦！ヱ皇pertuSa，

adhaerens Codium frag土1e and

Cod土um

Codium latum were early

COlonizerst all having recruited bY4months after

immerSiOn・　C・Wrightiana was a fugitivel nOt being found

again after appearing at Depths A and B after4and6

months・Four months afterimmersion，旦．pertusa showed

the highest percent cover at all depths；higher at Depths
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A and B than at Depths C and D●　＝t was also highestin

frequecY，having recruited on all plates at Depths A，B

and C andl of　3　plates at Depth D●　SubsequentlYit

declined graduallYin cover untilit disappeared almost

COmPletelY from the piates；13　months afterimmersionit

WaS found onlY at Depth D and was absent at all depths　26

months afterimmersion●　＝t appeared again at Depths C

and D only，37　months afterimmersion．

The mossy a19a Codium adhaerens recruited　4　months

afterimmersion at Depths A and B and　6　months after

immersion at Depths C and D．　Zts coverage reached a

maximumlO months afterimmersion at all depths except

Depth C・　The coverage had decreased at13months′　and

this species was not found again on anY Plate except for

a singie reappearance at Depth C after　37　months・

Codium fragile and C． 1atum are taller a19ae′

becomingiarge at maturity●　TheY first appeared　4　or　6

months afterimmersion and were found more frequentlY at

Depths A and B untii13　months afterimmersion．　These

two species often occurred outside the central area of

Plate・　TheY reaChed a maximum sizein thelate springlO

months after immersion or in the iate summer13　months

afterimmersion・　However their coverage waslow because

Of the smail size of their h01dfasts．　None of them were

PreSent　26　and　37　months afterimmersion．　The remaining

SPeCies， Chaetomor SPiralis，WaS a fugitive，being

13



found transientlY during the experimental period・

（2）．Rhodophyta

Pterocladla CaPillacea and Grateloupia　早parS卑

appeared as earlY COlonizers　4　months afterimmersion．

The former species occurred continuousiYt but thelatter

WaS a fugitive and never found during the period fromlO

t0　37　months afterimmersion．

At　6　months afterimmersion，

Champia parvula and Ceram土um

as earlY C01onizers；望．

Gracilaria textorii

paniculatum first appeared

textorii was found　6　tolO months

afterimmersiont and the others were fugitive appearing

OnlY at　6　months afterimmersion．　Their coverage waslow

except for one appearance of a small fiiamentous C●

旦塁里をculat＿り些at Depth C after　6months．The occurrence of

these three species was restricted to the period from6

t010　months afterimmersionl SO that theY and

叫皇草野牢屋旦are COnSidered to be absentin summer．

Unlike the above－mentioned four speciesr

CaPillacea′ Plocamium teifairiae

Pterociadia

1iv土da

Were foundin summer・　TheY Were first found on the

Piatesimmersed for　4（6　andlO monthsJ reSPeCtivelY●　P．

Capillacda was continuousiY found　4　to　26months after

immersion at Depths A and B and　4　to13　months after

immersion at Depths C and D．　P．telfairiae was found13

and　26　months afterimmersion at Depth A・

14
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a fugitive′　but was able to c010nize even more than a

year after the start ofimmersion sinceit appeared first

26　months afterimmersion at Depth C・　ttis not clear

Whether the other two species survived as perennials or

Whether theY had newiY reCruited13　to　26　months after

lmmerSlOn●

Gelidium amansii appeared transientlYlO or13

months afterimmersion・　＝t also appeared on one Depth D

Plateimmersed for　37　months；n00ther species of red

aigae were found　37　months afterimmersion．　G．amansii

Can SurVive during the summerlike the three speci宇S

mentioned above，butit differs from themin thatit

Showslater recruitmentin succession．

（3）．Phaeophyta

Colpomenia SinuOSa WaS an earlY C01onizer，being

found on the piatesimmersed for　4months at Depths At B

and C and alittlelatert on platesimmersed for　6

monthsJ at Depth D・　tt was subsequentlY found at up to

lO months afterimmersionJ and more abundantly at

Sha110Wer depths・Butit was not found on anY Piatein

late summers during the period from13　t037months after

lmmerSlOn●

Padina arborescens growslarger than the previous

SPeCies・1t was occasionaliY found on platesimmersed

for　6　0rlO months but not found on anY Plateimmersed
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for13months．　＝t was found on oniY One Plate at each of

Depths A to C　26　months afterimmersion．　＝t was also

found on onlY One Plate at each of Depths A and B　37

months afterimmersion●　This species was never found at

Depth D．

Eisenia bicyclis grows muchlarger withits broad

blades′iong stipe andlarge h01dfast・　This species

appeared earlier at greater depths：it was first found on

Plates of Depths A and Bimmersed for　26　months，On

Plates of Depth Cimmersed for13　months and on piates of

Depth Dimmersed for　6　months．　Recruitment occurredin

the period from13　to　26　months afterimmersion at Depths

A and B・　The values of coverage at Depths A and B

increased with time to reach11．2　0r　6．9％　respectively′

37　months afterimmersion．　On the other hand′　the

Pattern Of changein coverage with time at Depths C and D

WaS reVerSed：at Depth C the coverage decreased t01・8％

37　months afterimmersionr and at Depth Dit was totaliY

absent　26　months afterimmersion．　Nevertheless′　One

YOungindividual of this species appeared again on one of

Depth D platesimmersed for　37　months．

2．S eCleS COm OSition and ercent cover of sessile

invertebrates

Throughout the period from　2　to　37　months after

16



immersiont a total of　28　species ofinvertebrates were

Observed（Table　3）．　The barnacles Megabaianus VOIcano

and M．rosa were counted as the same species because of

difficultYinidentifYing their YOungindividuaisin the

Photographic analysis．　The changesin mean cover（％）of

these　28　species during community development are

Summarizedin Table　3．　The time of appearance of each

SPeCies and changes ofits percent cover during communitY

development are described below for each taxon．

（1）．C土rripedia

Balanus trigonus was found on all piates sampled．

The coverage of this species was　97・9　tolOO・0％　2months

afterimmersion；higher at Depths C and D than at Depths

A and B・　After thatlits coverage decreased unti16　0r

lO months afterimmersionJ butincreased againlO or13

months afterimmersion・　At Depths A and Bt though there

WaS a Slightincreasein coverage from13　t0　26　months

afterimmersiont the coverage．at　37months after

immersion decreased to thelowest level of　79．8　0r　87．6％．

On the other hand．at Depths C and D，the coverage

decreased slightlY　26　months afterimmersion，and

increased to　99．4　0r　99．6％　37　months after immersion．

This high valuesin coverage at Depths C and D

approximate to those of YOunger Platesimmersed for　2　0r

4　months．
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Megabalanus Ⅴ01cano and M．rosa were the earliest

C0lonizerslike B．trigonus′　but theY Showed muchlower

coverage●　Their coverageincreased unti140r6months

afterimmersion unlike B．trigonus．　At Depths A and B′

Megabalanus coverage decreased successivelY tO reaCh a

minimum　37　months afterimmersion．　At Depths C and D′it

temporarilyincreasedlO to13months afterimmersion・

And thenlit decreased at Depth Ct butincreased26t037

months afterimmersion at Depth D・Another species

Balanus eburneus was rare，being found only on one plate

immersed for　4　months．

（2）．Tunicata

The tunicatesidentified are ail c010nial ascidians

except for a s01itarY SPeCies阜阜㌢草1卑Plicata・

Botr 110土des v土01aceus Botr lloides simodensis

Botryllus primigenus．Symplegma reptans and旦中学t旦

Piicata appeared firstin the period from2　t0　6　months

afterimmersion．　The occurrence of these five species

was restricted to the period from2　to13months after

immersion．　Though the coverages of these species were

low．旦・ Ⅴ土01aceus and B． simodensis were slightly highin

COVerage．eSPeCiallY　6　months afterimmersion・

D土plosoma

Tr土d土demnum

mitsukurii Didemnum moseleyi and

SaVignii more often dominated plates．

three species appeared first　2　0r　4　months after
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immersion，and theY Were COntinuousiY found unti137

months afterimmersion．　The coverage of D． mitsukurii

increased to a maximum of　61．6　t0　77．4％10　months after

immersion at Depths At B and Cl and to that of　89・1％

earlier at　6　months afterimmersion at Depth D．　And13

months afterimmersionFits coverage decreased t0　9・6　to

47・7％・　工n the period from13　t0　37　months after

immersionrits coverage decreased after anincrease at

Depth At whileincreased at Depths Br C and D・　The

COVerage at　37　months afterimmersion showed a higher

Value of　85・5％　at Depth D．　D．moseieyi Showed the

maximum coverage of　24．2　t0　50．1％13　0r　26　months after

immersion・Butt the coverage at37months after

immersion decreased t0　5．3　t0　21．1％．　This decrease was

remarkable at Depths C and D．　T．savignii showed the

maximum coverage of12．8　to　32．2％13　0r　26　months after

immersion at Depths At B and C．But the coverage at　37

months afterimmersion decreased to O．8　to　3．8％　at these

depths・At Depth DJ this species showedlow coverage

throughout the period of studYr and was absent　37months

afterimmersion．

Amarouc土um mult土 licatum and 1土nides
Sp●　Were

rare and appeared at Depth A or B　37　months after

immersion・But thelatter species was also found on one

Of Depth D platesimmersed for　6　months．
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（3）．Porifera

Halichondria japonica appeared first　4　0r　6　months

afterimmersion●　Though this species was found only on

One Of Depth B plateslO months afterimmersion，it

OCCurred at all depths13　months afterimmersion．　＝ts

COVerage Showed a maximum　26　months afterimmersion，muCh

higher at Depths C and D．　And　37　months afterimmersion，

it was not found at Depth A but showedlow coverage at

Depths B，C and D．　Halichondria panicea was transientiY

found　4　andlO months afterimmersionl aPPearing earlier

at Depths A and B andlater at Depths C and D．些ycale

Plumosa was raret being found onlY On One Of Depth B

platesimmersed for　37　months．

（4）．Bryozoa

The brYOZOanSidentified are of encrusting tYPeS

except for Amath土a d土stans having a st0loniferous form．

Subovoidea was found at all sampling times

and more often dominated the piates・　This species

appeared first　2　0r　4　months afterimmersion．　At Depths

A and B，though there was a transient decreasein

COVeragelO months afterimmersionl the coverage

increased to reach the highest vaiue of　39・8　or44・8％13

months afterimmersion●　At Depths C and Dr the coverage

did not show such a high value at this time・　＝n the

Period from13　t0　37　months afterimmersion′　the coverage
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decreased at Depth A，butincreased greatlY　26　t0　37

months afterimmersion at Depths Bt C and D・　The

COVerage at　37　months afterimmersion showed a gradual

increase with depth．　Depth D platesimmersed for　37

months showed the maximum of　82．8％in coverage．

Amathia distans

Subovoidea．

Often dominated the plateslike W．

This species appeared first　6months after

immersion at Depths C and D，andiaterlO months－after

immersion at Depths A and B．　＝t was continuousIY found

unti137　months afterimmersion．　The coverage at13

months after immersion reached a maximum or was close to

itt being higher at Depths C and D・　The coverage

temporarilY decreased　26　months afterimmersion，but

increased again　37　months afterimmersionl eSPeCially

high at Depths C and D．

Sch土zo Orella unicornis appeared first　4　0r　6　months

afterimmersion・　This species was continuously observed

unti113　months afterimmersion．but was absent　26　and　37

months after immersion．　Parasmittina trispinOSa，

Membrani Ora SaVartii and Celle Oraria columnaris

appeared first on the platesimmersed for　4　0r　6，6　0r

lOt andlO monthsl reSPeCtively・　These three species

Were tranSient and restricted also to the period from　4

t013　months after immersion．
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（5）．P01YChaeta

The serpulid Hydroides eZOenSI S appeared first　4

months afterimmersion．　＝ts coverage showed a maximumlO

months afterimmersion though there was aL decrease　6

months afterimmersion．　This species was continuousIY

Lfound unti137　months afterimmersion at Depths A，B and

C，Where the coverageincreased　26　to　37　months after

immersion・　At Depth D′　though absent13　and　26　months

afterimmersiontit reappeared　37　months afterimmersion・

The spirOrbid Dexiospira foraminosus appeared first

2　months afterimmersion′　When the coverage was higher at

greater depths．　This species was not found on the plates

immersed for　6　months．　Nevertheiess，it reappeared　26

months afterimmersion at Depth A137　months after

immersion at Depth B′　and earlier13　months after

immersion at Depths C and D．　After thattit disappeared

at Depths C and D．earlier at thelatter depth．

（6）．Bivalvla

P土nctada fucata′　Myt土1us edulis and Crassostrea

nippona become fairlYlarge at maturitY・　P・ fucata

appeared onlY at Depths A and B．　＝t appeared first on

One Of Depth A platesimmersed for　6　months．　Though not

found13　and　26　mOnths afterimmersionlit was present on

2　0f　3　Depth A plates andl of　3　Depth B ones　37months

after immersion．
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M．－　edul土S appeared at Depths A，B and C．　Zt

appeared first on Depth A to C platesimmersed for　6

monthsl butits coverage decreased temporarilylO months

afterimmersion・　SubsequentlYt the coverageincreased to

reach　22・9％　37　months afterimmersion at Depth Al but

this species was not found at al126　and　37　months after

immersiori at Depths B and C．

C・nippona appeared also at Depths Ar B and C．　＝t

appeared first on one of Depth A platesimmersed forlO

months・And13months afterimmersion′it was found on

all plates at Depths A and B and on one plate at Depth C●

The coverage at　37　months afterimmersionincreased t0

59・6　0r52・5％　at Depths A and B，Whileit decreased to

21・7％at Depth C after having reached a maximum of50．4％

26　months afterimmersion．

3．Sta es in communit inferred from

dendro ram anal

（1）．Dendro ram anal

To discriminate successive stages of communitY

development，the sampies were subjected to ciuster

analYSis using Horn．s coefficient of simiiaritY（Horn

1966）′　based on shannon－Weaverinformation theorY and the

Weighted group average method．The data used for this

analYSis were the mean percent cover of sessile organisms
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in the central area of plates．　The results of the

analYSis are shown as a dendrogramin Fig・51in which

three maコOr Clusters and four sub－Clusters can be

discriminated・　Thelevel of percentage similaritY for

this division was arbitrarily determined to be between

81．2　and　83．6％（Fig．5）．　The samples showed a general

tendencY tO be clusteredin the order of duration of

immersiOn・But Depth D sampiesimmersed for　6　t0　37

months which formed a sub－Cluster together vere similar

to YOunger Depth A to C samplesimmersed for　4　t010

months than thoseimmersed for13　to　37　months．　This

SuggeStS that these Depth D samples are at an early stage

Of community deveiopment．　The　26D and　37D samples

differed from YOunger Depth D samplesimmersed for　6　t0

13months′　PrObablY Showing a return to earlier stage of

COmmunity development●　On the other handl Depth A to C

SamPlesimmersed for13　to　37　months which were clustered

together were evidentlY different from thoseimmersed for

2　tolO months・　This suggests that these older samples

are at thelater stage of communitY development・　Of

theset the　26　and　37monthsI samples formed a sub－Cluster

together・　＝nitl the　37A sample differed evidently from

Other sampies・　This dissimilaritYindicates that the

SamPleis probablY at thelatest stage of communitY

deveiopment studiea here．
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（2）．Transition of develo mental sta

＝n the followingt the maコOr three clustersin Fig・5

are regarded as three stagesin community deveiopmentt

and the four sub－Ciustersin the second and third maコOr

Clusters were regarded as sub－StageS・　Based on the

results of this ciuster analYSis′　the samples can be

arranged according to depth and time and partitionedinto

the three stages and four sub－StageS aS Shownin Fig・6・

As seenin this diagramt Depth A to C communities

Shifted successivelY from Stagel to Stages　2　and3with

time・in Stage　2t Depth C communitY WaSin one sub－Stage

differing from Depth A and B communities　6　andlO months

afterimmersion．　On the other hand，Depth D community

Shifted from Stagel to Stage　2　without advancing to

Stage　3t StaYing at Stage　2　throughout the period from4

t0　37　months afterimmersion．　＝n Stage　2，Depth D

SamPlesimmersed for　6　t0　37　months werein one sub－Stage

（Fig．6）．　From thislong staYing at Stage　2，itis

inferred that the Depth D sampiesis at animmature stage

Of community development．

Furthermore137A sample differed from othersin one

もub－Stage Of Stage　3．　＝tisinferred from this that the

37A sampleis at a mature stage of communitY deveiopment・

On the other hand，26D and　37D samples differed from

Othersin one sub－Stage Of Stage　2・　Thisis regarded as

a return to a moreimmature stage of communitY
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development owing to the decreasein coverage or

disappearance of Eisenia bicyclis and Crassostrea nippOna

dominated finallYin this studYr the reappearance of the

earlY C01onizers，旦〕立皇PertuSa and

theincreasein coverage of early

triqonus．

（3）．Features of develo mental sta

Codium adhaerens

C0ionizer Balanus

′　and

Features of the first stage and the four sub－StageS

Of the second and third stage distinguishedin this study

are summarizedin Table　4．　The first stage and four sub－

StageS are Characterized bY the species which occupied

the top to third rankin the mean coverage（％）of species

in the central area of plates at eachimmersion period

and depth・Howevert the top to third species were always

SeSSileinvertebratest but not algae．　Thust the

Characterization of stage and sub－StageS WaS aiso made on

algaein the same manner（Table5）．＝n all samples．里．

trigonus alwaYS OCCuPied the top rank●

＝n Stagel′　Dexiospira foraminosus was Sub－dominant，

aiwaYS OCCuPYing the second rank；Megabalanus VOicano and

M・rOSa Were neXt dominant species．0ccuPYing the third

rank except for one sample●　Macroalgae visible with the

naked eYe Were nOt Observed at allr but the existence of

SOme algaeisinferred from the presence of chlorophYll a

in　90％　acetone extracts of samples or bY the production
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Of oxYgen When exposed t01ight．　This suggests the

PreSenCe Of macroalgae at the germination stage or of

microalgae such as diatoms or fiiamentous brown algae

（e．g．．Ectocarpus spp．）．　Bacteria，diatoms．Ectocarpus

SPP・and hYdroids have been observed as a sheet－like film

in the earliest stage of succession on marine substrata

（e．g．′　Zobell and Allen1935，Coe and Allen1937，＝t8

1959，Kawahara1962，Kazihara1964．Fager1971，Foster

1975）．　Samples at this stage have thin，uneVen Surface

StruCture formed bY the shells of barnacles and bY a

Sheet－like film，Which consists of the species mentioned

aboveT On the sheils of barnacles or plate surface・　This

Stageis，therefore，Characterized bY the earliest

COlonizers mentioned above，eSPeCiallY bY里．trigonus and

D．foram土nosus．

＝n the first sub－Stage Of Stage　2（Sub－Stage　2－1）．

Diplosoma mitsukurii was Sub－dominantl alwaYS OCCuPYing

the second rank；Watersipora Subovoidea dominated next，

OCCupying the third or fourth rank except for one sample．

As to algae′

adhaerens and

Pterocladla Capillacea，旦吐亘pertuSa， Cod土um

Sinuosa were dominants．　Samples

at this sub－Stage have sheets of c010nial animals formed

On the shelis of barnacies and a stand of shorter algae．

This sub－Stageis characterized bY the earlY COlonizers

Of these four algal species and bY the c010nial animals

Of D．mitsukurii and 里・ Subovo土dea．
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＝n the second sub－Stage Of Stage　2（Sub－Stage　2－2），

Diplosoma mitsukurii WaS Sub－dominantt always occupYing

the second or third rank； Amathia distans dominated next，

OCCupYing the second to fourth rank．　As to algae，

Ceramium paniculatum dominatedin addition to the four

SPeCies of Sub－Stage　2－1．　Sampies at this sub－Stage Were

Similar to ones at sub－Stage　2－1●　This sub－Stageis

additionallY Characterized bY⊆．paniculatum and A・

distans．

＝n the first sub－Stage Of Stage　3（Sub－Stage　3－1），

Amathia distans was Sub－dominant，alwaYS OCCuPYing the

SeCOnd or fourth rank； Didemnum moseieyi dominated next，

OCCuPYing the third to the fifth rank．　As to algae．

Pterocladia Cap土11acea， Codium adhaerens and Eisenia

bicyclis were dominants●　Samples at this sub－Stage have

SPOradicallY maSSivel rOugh surface structure formed bY

the shell of Crassostrea nippona ranking the fifth，On

Which there was the overgrowth of sessileinvertebratest

mainlY Of barnaclesl aSCidians and brYOZOanS・　The

OCCuPation of three－dimensional space bY thelarge algae

Codium latum and E．bicyciis was seen on the plates．

This sub－Stageis characterized bY里．moseleyi as well as

P．capillacea and A． distans．

＝n the second sub－Stage Of Stage　3（Sub－Stage　3－2），

D土plosoma mitsukurii WaS Sub－dominantt always occupYing

the second to fifth rank；Crassostrea
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nextr occupYing the second to fifth rank・As to algae／
●

E土senエa

SamPle，

bicyclis occupied the top rank except for one

and Padina arborescens and Pterociadia Cap土11acea

dominated next．　Samples at this sub－Stage have more

massivet rough surface structure formed bY the sheil of

C・nippona than at sub－Stage　3－1・　Onits shelll there

WaS also the overgrowth of sessileinvertebrates′　mainlY

Of barnaclest ascidians and brYOZOanS・　The water c01umn

near the plates was occupied predominantlY bY星．

bicyclis・　EspeciallYr the　37A sample consisted of the

doublelayers of C．nippona．　This sub－Stageis

Characterized by里．bicyclis and C．nippona・

4．Communit StruCture

To examine the transition of community structure of

SeSSile organisms（i．e．，Whether or not their communitY

StruCture developsinto a stable，COnVerged state with

SuCCeSSion），SeVeral analYSeS Were made on diversitY，

evenness，dominance and similaritY，aS Well as the number

Of species．　Thatis，the following five parameters were

COmPuted basing on the data of the coverages of sessiie

Organismsin the centrai area（16　cm x16　cm）of plates：

the number of species（S），Shannon－Weaver diversitYindex

（H一）（Shannon and Weaver1949），information theorY

evennessindex（J■）（Pielou1966a），McNaughton－S・
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dominanceindex（MDl）（王4cNaughton1967）and Hornls

Similarityindex（HS＝）（Horn1966）．　HT is anindex

evaluating both the total number of species and the

degree of apportionmentin coverage among species；旦I

evaluating onlY thelatter；MD＝　evaluating the degree of

dominationin dominant and subdominant species；and HS＝

evaluating the degree of similaritYin both the number of

SPeCies and the apportionment of coverage between plates

SamPled at the sameimmersion period and at the same

depth．

The temporal changes of these five parameters are

Shownin Fig7・To confirm statistically the trend of

their changes aiong thelapse of time†Spearmanls rank

COrrelation coefficients were obtained for three sample

Periods which were arbitrarilY aSSigned from the pattern

Of their changes（Tabie　6）．

（1）．S ecies richness （S）

The c010nization of sessile organisms proceeded

rapidiy after submerging eXPerimental plates′　and S

increased rapidlY tO reaCh a maximumin mean6　months

afterimmersion（Fig．7）．Spearman－s rank correlation

COefficients were ail significantlY POSitivein the

Period from2　to　6　months afterimmersion（Tabie　6）．　＝n

the period from　6　t013months afterimmersionl there was

a tendencY for S to decrease with a significant
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COrrelation at Depth C（Fig．7　and Tabie　6）．in the

Period from13　t0　37　months afterimmersion，the pattern

Of changein S differed among depths；S remained almost

COnStant at Depths A and B，While decreasing

SignificantlY at Depths C and D（Fig．7　and Table　6）・

The valtleS Of S of Depth D samplesimmersed for　26　and　37

months were muchiower than those at other depths（Fig．

7）．

（2）S ecies diversit

Shannon－Weaver diversityindex（Ht）（Shannon and

Weaver1949）originating frominformation theorY，is

defined as

H’＝一差、≒10g鞋

Where呈i and s are the relative abundance of thei－th

SPeCies to total abundance and the total number of

SPeCiest respectivelYt anditis computedin natura1

10garithm．　Thisindexincreases with a more even

apportionment of abundance among species as well as an

increase of the number of species（Pielou1966b）．An

increase of Hlin the communitY Of sessiie organisms

means anincreasein species number and a high degree of

apportionmentin coverage among their species．

HTincreased rapidlY at ail depths afterimmersion
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（Fig．7）．　Spearman－s rank correlation coefficients were

ail sig・nificantly positivein the period from　2　to6

months afterimmersion（Table　6）．　＝n the period from　6

t0　37　months afterimmersion，though there was no

Significant correlation′　the pattern of changein HI

differed among depths（Fig．7　and Table　6）．　At Depths A

and Bl after there was a temporarY decreasein meanlO

months afterimmersion．the mean at13　months after

immersion was so high as at　6　months afterimmersiont and

this high旦T remained almost constant during the period

from13　t0　37　months afterimmersion（Fig．7）．　At Depth

C′　the mean decreased als010　months afterimmersion，and

then remained almost constant unti126　months after

immersion．　But there was a decreasein mean from　26　to

37　months afterimmersion（Fig．7）．At Depth D．the mean

increased unti110　months afterimmersion′　and decreased

after that・　The values of Hl of Depth D samplesimmersed

for　26　and　37　months were muchlower than those at other

depths（F土9．7）．

（3）．Evenness

工nformation theorY eVenneSSindex（J一）（Pielou

1966a），t defined as

旦－＝－∑旦il。9互生
1竃1　－
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indicates an adjustment of relative abundance among

SPeCies，eValuating the degree of relative apportionment

in coverage among the species of sessiie organismsin

this study．　Thisindex varies from O tol．andisI when

thereis an even apportionment of abundance among

SPeCies．

Jlincreased rapidlY afterimmersion（Fig．7）．　＝n

the period from　2　to　6　mOnths afterimmersiont it

increased significantiY at aii depths（Table　6）．　After

thatr the mean at Depths A and B showed a maximum13

months after immersion and then remained almost constant

unti137　months afterimmersion（Fig．7）．　At Depth C，

after reaching a high mean‾earlier　6　months after

immersion，it also remained almost constant unti137

months afterimmersion（Fig．7）．　On the other hand，at

Depth D′it did not reach so high values within the first

Year afterimmersion as at Depths AI B and Ct and then

increased significantlYin the period from13　t0　37

months afterimmersion（Fig．7　and Table　6）．

（4）．Dominance （MD工）

McNaughton－s dominanceindex（MD＝）（McNaughton

1967），defined as

MD工＝（旦1＋生2）／旦
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Where里1．丑2　and N are respectivelY the abundance of

SPeCies ranking the top and secondin abundance and the

total abundanceJ eValuates the degree of dominationin

COVerage bY dominant and subdominant speciesin this

Study．

MD＝　decreased significantly at all depthsin the

Period from．2　to　6　months afterimmersion（Fig．7　and

Table　6）．　＝n the period from　6　to13　months after

immersionr the mean temporarilY Showed a high valuelO

months afterimmersion at Depths Ar B and C′　While

remained high even13　months afterimmersion at Depth D

（Fig．7）．　＝n the period from13　t0　37　months after

immersionrit remained almost constant at Depths Ar B and

C，While there was anincrease from13　t0　26　months after

immersion at Depth D（Fig．7）．

（5）．S土m土1arit （HS工）

The above一mentioned four parameters provided some

information for the structural organization of the

COmmunitYl but giVe nOinsightinto differencesin

relative abundance among species between sampies・

SimilaritYindex accounts more specifically for the

Changesin abundance of each speciesl aS Well as the

total number of species and the apportionment of

abundance among them．　BY HornTs similarityindex（HS工）

（Horn1966），SimiiaritY between plates sampled at the
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Sameimmersion period and at the same depth was examined・

Thisindex basing on Shannon－Weaverinformation theorYis

defined as

HS工ニ【∑（星1十ヱ1）10g（鞋＋鞋ト∑星1109≒－∑ヱ土109ヱil

／目星十王）109（茎十王）一旦109墨一旦109呈】

Where x and王i are the sum of abundance of all species

and the abundance of thei－th speciesin o＿ne SamPle

respectively′and Y andヱi are the same abundancein

another sample，Which evaluates the similaritY Of not

Only species composition but also differencesin relative

COVerage amOng SPeCies between the two samples．　＝t

ranges from O when thereis no common species between two

SamplesJ t01when both species composition and relative

COVeraすe between them are quite equal．　Naturallogarithm

is used for this caicuiation．

HS＝　showed a maximum at all depths　2　months after

immersion（Fig．7）．　At Depths A，B and C，it decreased

SignificantiYin the period from　2　t0　6　months after

immersion to reach a minimum　6　months after immersion

（Fig・7　and Tabie　6）．　tn the period from6　t013　mOnths

afterimmersiont there was no significant correlation at

these three depths′　anditincreased transientlYlO

months afterimmersion only at Depth C（Fig．7　and Table

6）・　At Depth D，it decreasedin the period from2　to13
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months afterimmersion（Fig．7）．　This decrease was

Significantin the period from　6　t013　months after

immersion（Table　6）．　tn the perioa from13　t0　37months

afterimmersion′　though the coefficients showed a

Significantincrease onlY at Depth B（Table　6），its

Pattern Of change was not so much different among depths

（Fig．7）．　Butit showed anincrease from13　t0　26　months

afterimmersion at Depth D（Fig．7）．　The mean at　37

months afterimmersion showed a gradualincrease with

depth（F19．7）．

5．Communit metab01ism

Gross primarY PrOduction of communitY（Pg）was

estimated bY Summing net primary production of community

（Pn）measuredinlight and communitY reSPiration（R）

measuredin darknessl aSSuming the respiration rates of

Organismsin darkness to be equivalent to thoseinlight・

To estimate dailY energY budget of communitYr Pgin a day

WaS Calculated by multipIYing Pg per hour bY the number

Of hours equivalent to the mean daYlength during the

Periodin which the metab01ic rates were measured（Table

l），and Rin a day was caiculated bY muitipiYing R per

hour bY　24hours・　The dailY energY budget was estimated

as the ratio of pg to Rin a day，Whichis expressed

beiow as Pg／R．Temporal changes of Pg，R and Pg／R are
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Shownin Fig●　8．　To confirm statisticallY the trend of

their changes along thelapse of timet Spearmanls rank

COrrelation coefficients were obtained for three sample

Periods which were arbitrarilY aSSigned from the pattern

Of their changes（Table　7）．

（1）． Liqht intensit rOSS rlmar roduct土on

Of commun土t

Relation of Pg toiightintensityin ca・2YearST

SamPles of series　2is shownin Fig．9．　Saturation point

Of Pg was10，000　to13，000ix at Depth A，While　28，000　to

361000lx at Depths B，C and D．　Thislow saturation

POint at Depth Ais due to the paucitY Of algae appearing

On the plates，because dominant E．bicyclisinhibited

Other algae and this alga which was restricted on the

iateral faces of plates was all removed from the plates

before measurement．　Thereforer the Depth A samples were

fullY eXPOSed to experimentallY giVenlight・　The

Saturation point of the Depth A samples was equivalent to

that of ca・7monthsf piates set up experimentallyin the

intertidal rockY Shore near the present study site bY

Yamagami and Mishima（1974）．　The surfaces of these

intertidai samples were almost all covered with short

articuiated corallines Corallina

personal COmmunicat土on

Di1ulifera （A．Yamag■ami′

），SO that experimentallY given

light was fullY able to penetrateinto them・On the
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Other hand′　the Depth B to D samples had the spread

foliage oflarge algaer

arborescens

Eisenia

and Pterocladia

b土cycl土S′ Pad土na

Capillacea on the plates．

All short algae having situated below these algae would

not have fully been exposed to thelight．The short

algae are considered not to attain their saturation

POints because of the shading caused bY thelarge algae．

This suggests why the saturation point of Depth B to D

SamPles became higher than that of Depth A ones・

The f01lowing values of Pg were ail measured at

2310001Xlower than the saturation point of the Depth B

to D samples・The values of Pgin saturation of the

Depth B to D sampies were higher approximatelY bY10％

than those at23，000lx（Fig．9）．Therefore，When the

f01iose oflarge algae spread over the platest the values

Of Pg at23tOOOlx are estimated to belower bY10％than

thosein saturation・＝n this studYt SamPlesimmersed

ionger thanlO monthsis often applicable to this case●

（2）．Gross rlmar roduction of communit

Pg at　2　months afterimmersion was197　t0　382mg

02／hr／mp2in mean．higher at Depths A and B than at Depths

C and D（Fig・8）．This high values at Depths A and B

Were due to the rapid recruitment of microalgae such as

diatoms・　＝n the period from2　t0　6months after

immersiontit showed no significant change along the
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lapse of time′　though tending to decrease at D声Pths A and

B and toincrease at Depths C and D（Fig．8　and Table　7）．

At　6　months afterimmersionl the differencein Pg among・

depths became small to reach251to360mg02／hr／m2in

mean（Fig．8）．　After that，itincreased，eSPeCiallY at

Depths A to C′　tO reaCh a maximum of　388　to1，276　mg

02／hr／m2100r13months afterimmersion（Fig．8）．The

high variationin Pg at these twoimmersion periods was

due to the sporadic occurrence ofiarge green algaeJ

Cod土um fragile．呈． 1atum or ⊆・ divaricatum on the plates′

Of which the third species occurred onlYin the

Peripheral area of piates●　＝n the period from13to37

months afterimPerSiontit showed a significant decrease

at all depths（Tabie　7）．　At　37　months afterimmersion，

itsmean showedlowervaluesof86to200甲02／hr／m2

（Fig・8）．The sporadic occurrence．0flarge brown alga

Eisenia bicyclis on the plates also produced a high

Variationin pg at Depth C26　months afterimmersion●

（3）．Communit iration （R）

R at　2　months afterimmersion was144　t0　450　mg

02／hr／m2in mean，higher at Depths C and D than at Depths

A and B（Fig．8）．　This high vaiues at Depths C and D

Were due to the rapid recruitment of sessile

invertebrates such as barnacles●　＝n the period from2　to

6months afterimmersion′　there was no significant
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COrrelation at Depths A and B′　Whileit decreased

SignificantlY at Depths C and D（Fig．8　and Table　7）．

This constancy or decreasein Rin spite of the growth of

SeSSile organismsis attributable to a fallin water

temperaturelowering・metab01ic rates of organisms on

Plates・　＝n the period from　6　t013months after

immersionlitincreased significantlY at Depths Ar C and

D（Fig．8　and Table　7）．　Thisincreaseis attributable to

both the growth of organisms on piates and a risein

Water temPerature from winter to summer．　AtlO or13

months afterimmersiontit reached a maximum of　404　to

834mg02／hr／m2in mean（Fig．8）．At these twoimmersion

Periods，R varied greatlYlike Pg（Fig．8）．　This great

Variationis also due to the sporadic occurrence oflarge

Codlum SPP．1n the period from13　t0　37　months after

immersionlit decreased significantly onlY at Depth C

（Fig．8　and Table　7）．　At　37　months afterimmersion，it

WaS267t0559mg02／hr／m2in mean，higher at Depths A

and B than at Depths C and D（Fig．8）．　This high values

at Depths A and B are attributable to abundant epifaunas

andinfaunas on the plates．

（4）。Da土1

Pg／R at　2months afterimmersion showed an

autotrophic state（Pg／R greater thanl）at Depth A，a

SlightlY heterotrophic state（Pg／R alittleless thanl）
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at Depth B，and a stronglY heterotrophic state（Pg／R much

less thanl）at Depths C and D（Fig．8）．Pg／R at Depths

A and B showed a decrease（Change to heterotrophic state）

transientlY　4months afterimmersion′　returned to an

autotrophic value　6　months afterimmersionl and finallY

Showed a much more heterotrophic value；While Pg／R at

Depths C and D showed a significantincreasein the

Period from　2　to　6　months afterimmersion to reach an

autotrophic state　6　months afterimmersionl and then

remainedin a heterotrophic state unti137months after

immersion（Fig．8　and Table7）．＝n the period from13t0

37months afterimmersionrit decreased significantly at

Depths A，B and C（Table　7）．　At　37　months after

immersionrit was much more heterotrophic at shallower

depths　け土9．8）．

6．Communit biomass

Temporal changes of community biomass represented bY

the f01lowing six parameters of dry masst ash drY maSSr

ash－free drY maSSl Organic carbon′　Organic nitrogen and

ChiorophYll a are shownin Fig・10．To confirm

Statisticaily the trend of their changes along thelapse

Of time，Spearman，s rank correlation coefficients were

Obtained for two sample periods which were arbitrarilY

assigned from the pattern of their changes（Table8）．
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（1）．Dr （DM）and ash dr mass（ADM）

The patterns of changesin DM and ADM were similar

to each other（Fig．10）．　TheY Showed a significant

increase at all depthsin the period from2　t013months

afterimmersion（Table　8）．　＝n the period from13　to37

months afterimmersion′　theyincreased significantlY at

Depths A and Bt while decreased significantlY at Depth D

（Table　8）．　The means of DM at　37　months afterimmersion

Were　26・8　and16．5kg／m2　at Depths A and B respectivelY，

Which were much higher than those of7．9and4．6kg／m2　at

Depths c and D．respectivelY（Fig．10）．The ratio of the

mean value of　37　monthsI samples to that of13monthsI

SamPles was　2・3rl・810●8and O●6　at Depth Ar B′　C and D′

respectiveiY・　The same comparison on ADM showed the same

relationship as DM．

（2）．Ash－free dr （AFDM）and or anic carbon（C）

AFDM and C were similar to each otherin the pattern

Of change（Fig．10）．They showed a significantincrease

at all depthsin the period from2　to13months after

immersion（Table　8）．Though their means at Depths A and

B decreased13　t026months afterimmersion（Fig．10），

theY Showed a significantincrease at Depth Ain the

Period from13　to　37　months afterimmersion（Table　8）．

On the other hand′　their means at Depths C and D showed a

tendencY tO decreasein this periodl being significant at
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Depth D（Fig．10　and Table　8）．　The means of AFDM at　37

months aftefimmersion were1．2and O．8kg／m2　at Depths A

and B respectively．which were much higher than those of

O．3and O．2kg／m2　at Depths C and D′　reSPeCtively（Fig．

16）．　The means of C at　37　months afterimmersion were

507and285g／m2at Depths A and B respectivelY，Which

Were muCh higher than those of122and83g／m2　at Depths

C and D，reSPeCtivelY（Fig．10）．　The ratio of their mean

Vaiue of　37　monthfs samples to that of13months．samples

WaSl．8，1．2，0．4　and O．6in AFDM and　2．0，1．1，0．5　and

O・7in C at Depth At Br C and Dr respectivelY●

（3）．Or anic n土tro en（N）

The pattern of changein N resembled those of AFDM

and C（Fig．10）．・＝t showed a significantincrease at ali

depthsin the period from　2　to13　months afterimmersion

（Table　8）．　＝n the period from13　to　37months after

immersionlitincreased significantlY at Depth AI While

decreased significantly at Depth D（Table　8）．　The means

at37months afterimmersion were114and59g／m2　at

Depths A and B respectively′　Which were much higher than

those of21and14g／m2　at Depths C and D，reSPeCtivelY

（Fig．10）．　The ratio of the mean value of　37　months－

SamPies to that of13monthsI samples was　2・5tl・6t O・6

and O・6　at Depth At BJ C and D′　reSPeCtivelY・
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（4）．Chloro 11a（Chl．a）

Chi・旦increased significantly at all depthsin the

Period from　2　to13　months afterimmersion，beginning

With means of24t071mg／m22months afterimmersion and

attaining the highest means of221to2，939mg／m2100r

13　months afterimmersion（Table　8　and Fig．10）．　This

Wide variationin Chl・旦atlO and13months after

immersion was due to the sporadic occurrence oflarge

green algae of

divaricatum on

Codium fra如1e，⊆． latum and C．

the plates．　＝n the period from13　to　37

months afterimmersionl Chl・皇Showed a tendency to

decrease，being significant at Depth D（Fig．10　and Tabie

8）．　At　37　month afterimmersion，its mean showedlower

Values oflO6t0280mg／m2．Depth C samplesimmersed for

26　months also showed wide variation′　that was due to the

SPOradic occurrence of Eisenia bicyclis on the plates．

The pattern of changein Chi・旦WaS Similar to that of

9rOSS pr土mary production．

7．＝ndices of communit maturit

To examine the degree of communitY maturitY Of

SamPies during communitY deveiopmentr the four ratios of

gross primarY PrOduction／organic carbon（Pg／C），grOSS

PrimarY PrOduction／chlorophYll旦（Pg／Chl．旦）′　Organic

Carbon／organic nitrogen（C／N）and the pigment diversitY
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Of Margalef（1961．1967）（D430／D665）Were examined as

indices of community maturitY・　By choosing organic

Carbon as a measure representative of community biomass′

Pg／C was regarded as the rati00f gross primarY

PrOduction of community to community biomass・　Thisindex

is expected to shift from a high to alow vaiue with

SuCCeSSion for the reasons that Pg does not necessarily

become higherin thelater stage of succession and that

COmmunitY biomassincreases with succession・　The second

index Pg／Chl．旦Which means the photosYnthetic ability of

ChiorophYll旦is expected to shift from a high to alow

Value with succession．because of the aging Of

ChlorophYil ainlarge algae dominatingin thelater

Stage Of succession and thelowered penetration oflight

into the bodies of their algae．The thirdindex C／N

means the relative abundance of organic carbon to organic

nitrogen′　and this was emploYed as a biochemical

diversityindexindicated bY Odum（1969）．　The fourth

index D430／D665　whichis the ratio of　430　to　665　nmin

absorbance of the　90％　acetone extracts of sampiesis

regarded as a simpie HYellow一greenIlindex′　andis

expected to shift from aiow to a high value with

SuCCeSSion′　because rapidlY grOWingimmature communities

SuCh as YOung forests and aigal assemblag・eS Show bright

green c010rin contrast to the Yeliow－green C010r of

mature communities suth as　01der forests or kelp forests．
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Temporal changes of these four parameters are shown

in Fig・11・　To confirm statistically the trend of their

Changes along thelapse of time′　SpearmanIs rank

COrrelation coefficients were obtained for two sample

Periods’which were arbitrarilY aSSigned from the pattern

Of their changes（Table　9）．

（1）．Gross rlmar roduction／or anic carbon（P

At Depths A and B，Pg／C showed a maximumin mean　2

months afterimmersion and then decreased rapidlY unti16

months afterimmersion（Fig．11）．　＝n the period from2

t013months afterimmersion′it showed a significant

decreaset though there was a transientincreasein mean

lO months afterimmersion（Table　9and Fig．11）．＝n the

Period from13　t037months afterimmersiont there was

also a significant decrease at these two depths（Table

9）・On the other hand．at Depths C and D，the mean at2

months afterimmersion was muchlower than at Depths A

and B（Fig．11）．　tn the period from2to13months after

immersion．its changes were not significant（Table9）．

＝n the period from13　t0　37months afterimmersionlit

decreased significantlY at Depth C（Fig．11and Table　9）．

At Depth Dlits variation was small through this studY

Period．　The mean at　37　months afterimmersion showed a

gradualincrease with depth（Fig．11）．
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（2）．Gross rlmar roduction／chloro 11a（p ／Chl．a）

Pg／Chl．旦Showed a maximumin mean2months after

immersion（Fig．11）．Zt decreased significantlY at all

depthsin the period from2　to13months afterimmersionr

thoughincreasing slightlYlO or13months after

immersion（Table9and Fig．11）．＝n the period from13

t037months afterimmersionlit decreased significantlY

except for Depth C（Table　9）．　The mean at　37　months

afterimmersion shoved a gradualincrease with depth

（Fi9．11）．

（3）．Or anlC Carbon／or an土c n土tro en（C／N）

C／N showed a maximumin mean　2　months after

immersion′　higher at Depths A and B than at Depths C and

D（Fig・11）．At thisimmersion period，there was wide

Variation of vaiues at Depths A and B（Fig．11）．This

Wide variation was due to the high values of C rather

than N（Fig．11）．After that，it decreased and then

remained almost constant unti137　months afterimmersion

except for several high values atlO or13　months after

immersion（Fig．11）．However，at Depth D，it decreased

SignificantlYin the period from2　t013months after

immersion／and thenincreased significantlyin the period

from13　to37　months afterimmersion（Table9）．At37

months afterimmersionl the mean showed a gradual

increase with depth（Fig．11）．
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（4）． Piqment divers土t D430／D665）

1n the period from　2　to13　months afterimmersion，

D430／D665　showedlittle variation ranging from2．09t0

3．02（Fig．1‘日．　But，there was a significant decrease at

Depth A（Table　9）．　tn the period from13　to37months

afterimmersionlitincreased significantlY at Depths A

and B，While decreased significantlY at Depth D（Table

9）．　The mean at　37　months afterimmersion showed a

gradualincrease with depth（Fig．11）．　Of these four

indices，D430／D665　showed theleast variation．

8．Relat土on of commun土t metabolism to tem erature

＝n order to consider the reiation of metabolic rates

（Pg and R）to temperature′　regreSSions of Pg and Rin

COmmOnlogarithm on temperature were calculated for the

SamPles of seriesl at different sampling times（Table

l）．　All of　44　samples examined showed a significant

POSitive regression of R on temperature′　and the　36

SamPles of them（82％）also showed a significant positive

regression of Pg on temperature（TablelO）．　Regression

equations on temperature are expressed as follows′

Lo9Pg＝　ap t＋bp

and

L09R　＝　aR七十bR
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，Where ap and aR are regreSSion coefficients of Pg and R

respectivelyt and tis water temperature・When ap and aR

havelower values′　both Pg and R become moreindependent

Of temperature・Temporal changes of ap and aRindicating

a significant regression on temperature are shownin Fig・

12●　TheY Showed no definite changes along thelapse of

time among four depths（Fig・12a）・But ap and aR Showed

VerY Simiiar value each otherin several samples．　This

SimilaritY WaS remarkablein the sampiesimmersedlonger

（Fi9．12b）．

Subtracting the regression equation of R from that

Of Pg produces another equation：

L09Pg：R　＝（ap－aR）七　十（bp－bR）

，COnSequentlY turninginto a regression equation of the

rati0　0f Pg to R on temperature．　The regression

COefficient of ap－aRis that of Pg：R rati00n

temperaturein commonlogarithm・When apis equal to aR′

the ratio of Pg：R always becomes constant on temperature・

This means that the Pg：Ris entirelYindependent of

temperature・Fig・12b shows the changesin vaiue of ap－

aR along thelapse of time・＝ts values were apt to

become closer to zeroin the older samples′　though there

WaS an apprOXimation to zero at Depth AlO months after

immersion．　At　37　months afterimmersion，Depth A to C
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SamPles showed an approximation to zero rather than－Depth

D ones（Fig．12b）．

This relation of communitY metabolism to temperature

WaS furtherinvestigated using16　Depth B sampies of

Series　3　which wereimmersed approximatelY for　2　t0　3

months and　37　t0　38　months（Tabiel）．　The reg■reSSion

COefficient of Pg or R on temperature waS also

Significantly positive（Tabiell）．

Assuming the changes of the regression coefficients

Of pg and R on temperature to beindependent of

differences among the altitudes of the reg・reSSionlines′

Pg and R regression coefficients can be each compared

Statisticaily between samples at two differentimmersion

Periods．　Means and standard deviations of regression

COefficients are giVenin Tablell●　But the regression

COefficients of ap and aR eaCh showed no significant

difference between the young and01d samples（two－tailed

主test，王く0・60in Pg；互く0．10in R）・

The Pg：R ratiois a dimensionless number which

PrOVides an estimate of the degree to which algal

PrOduction of organic material exceeds consumption bY

Plants and animals．　This parameteris potentiailY uSeful

becauseit normaiizes biomass and ailows comparisons

independent of abs01utelevels of metab01ic activitY，

assuming that Pg and R are similarly size－related．　Pg：R

regression coefficients on temperature were not
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Significant except for one of16　samples（Tablell）．　And

the values of ap－aR at the two differentimmersion

periods were aiso compared statisticaily but were not

different significantlY（two－tailed主test，旦く0・30）・

The vaiues of ap－aROf2t03monthsI samples of

Series　3were higher than those of　4monthsT samples of

Seriesl・　These two kinds of samples differed each other

in species number and biomass as weii as species

COmPOSition・　The former sampies were fewerin species

number and less in biomass than the iatter ones．

Besides，the former had alittle number of barnacies

（less than　5％in percent cover）and was dominated bY

microalgae such as diatoms（n01ess than100％in percent

COVer），While thelatter was dominated bY barnacles

（percent cover of more than　98％）．　On the other hand′　37

t0　38monthsT samples of series　3　were similar to　37

monthsI ones of seriesl in biomass as well as dominant

SPeCies（i．e．，the oYSter

barnacle Balanus

Crassostrea

trigonus；the kelp

nippona；the

Eisen土a b土cycl土S）．

The means of the regression coefficients▼Of Pg：R of their

SamPles on temperature both showed verY Simiiar value

each other（Tablell and Fig．12）．

Fig．13　shows the reiation oflog Pg：R values on

Water temPeraturein2　t0　3　monthsI sampies of series　3

and　37　t0　38　monthsf ones of the same series．　Neither of

their regression coefficients was sユgnificantl but the
■
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regression coefficient of the　37　t0　38　monthsI samples

Were Closer to zer0．　Thisindicates that the Pg：R rati0

0f the ca・3　YearSI samplesis apt to be moreindependent

Of temperature．
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D＝SCUSS＝ON

1．Communit develo ment and ecolo ical and Si010 ical

Characteristics of al

The process of algai c010nizationisinfluenced bY

Various phYSical environmental factors as well as

ec010giCal and phYSiologiCai characteristics of algae

SuCh as theirlife cYCiest growth ratest t01erance for

Shadingin germination or growthT grOWth formsl tissue

robustness，andinteractions with c0lonial animais．

（1）．Earl develo mental rOCeSS

MOSt Of the green algae observed were earlier

COlonizers・　The fact that their presence was restricted

to the first13　months afterimmersion indicates that

theY are ePhemerai and have an annuallife cYCle．　Among

green algae，辿旦PertuSa With foliose formis well known

as an earlY ePhemeral c01onizer（e．g．，Haderlie1968，

Kawahara1969，KennellY1983，Sousa1984）．　Zt showed

high coveragein theinitial stage of communitY

developmentt butinlater stagesits percent cover

decreased（Table　2）．　Codium adhaerens ，Which appeared a

littlelater，increasedin percent cover（Table2）．The

higher percent cover of C． adhaerens seems to be due to

its peculiar morphologiCal form which differs from that
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Of Ulva pertusa．U．pertusa grows upward from the small

holdfast andits bodYis flimsY and flexible．but C・

adhaerens SPreadslike a moss andits bodYis more

robust．　Moreover，the hoidfast of U．pertusa does not

becomelarge with growth●　Thereforet the YOung

土nd土vidual of U． PertuSa is likelY tO be overgrown bY

COlonial animais such as ascidians and bryozoans．Which

frequentlY dominated the plates examinedin this studY・

On the other hand′　a Smallt flexible alga such as

Cladophora wrightiana disappeared s00n afterits

appearance・　This disappearance was thought to be caused

by the overgrowth of c010nial animals．　DaYtOn（1971）

Observed that the growth of the shells of barnacles

Weakens the holdfasts of non－enCruSting algae．　However，

SuCh dislodgement was not observedin this studY．

Barnacles were first coionizers having abundant recruits，

and grew rapidiY ail over the platesimmersed for up t0　4

months（Table　3）．　The barnacle shells provided

attachment sites for non－enCruSting algae．　Tw01arge－

Sized species′ Cod土um latum and C．fragile，also have

h01dfastsiargerin size than U．pertusa，and became

maturelO or13　months afterimmersion，dominating the

Water C01umn on piates with theirlarge thalii．　Strong

SurVival abilities of Codium
SPP●　may be due to their

thicker and more robust tissues and abilitY tO grOW

rapidlY．　Because of these characteristics，theY WOuld
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not have been overgrown bY C0lonial animals・

The first time of appearance of red algae differs

With species： Pteroclad土a Capillacea and Grateloupia

阜里早手革具aPPeared4months afterimmersion as the earliest

COlon土zers；

Ceram土um

Gracllar土a textoril ，Champia parVula，
●

and Plocamium telfairiae　6　months

afterimmersion；Grateloupia livida and Gelidium amansii

10　months afterimmersion．　Though their reproductive

SeaSOnS are nOt known′　the timing of first coIonization

SuggeStS that they each have pecuiiar physi010giCal

Characteristics for attachment or germination．　The red

aigae can be classifiedinto two groups from the pattern

Of their appearances●　The first groupincludes the

SPeCies which appeared within the first Year after

immersion・　These species were unable to survive the next

Summer．　The second groupincludes those species which

COuld be observedin thelate summer，13　months after

immersiont but often appeared even after this time・The

former species are considered to be ephemeral or annuai．

On the other hand′　the second group species are not

necessarilY Perennial，because of the possibility of

repeating recruitment every year．　Northcraft（1948）

indicatea that red algae generallY aPPearlaterin the

C010nization process than green and brown aigae，Perhaps

because red algae produce non－mOtile spores whereas green

and brown algae produce motile ones．
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The brown alga C01pomenia sinuosa is known to be an

earlY COionizer（e．g．，Wilson1925，Kawahara1962，MurraY

and Littier1978），andits appearance was restricted to

the firstlO months afterimmersion．　Moreover，it was

never observed in late summer．　＝t is also known that C．

SlnuOSa is an annual species；it propagates from spring

to summer and then diesin summerin Nabeta Bay（R．

Matsue′　perSOnal COmmun土cat土on）． Eisenla bicyclis and

Padina arborescens were able to c010nize in the first

Year afterimmersion，and were found eariier at greater

depths．　This suggests thatlowiightintensitY at

greater depthsis suitabie for their attachment，

germination，Or Subsequent growth．IJightintensity－

photosYnthesis curves suggest that E・bicyclisis a

Shade－adapted alga（Yokohama1977）．　GenerallY，itis

known that the germination of spores of red and brown

algaeis notinhibited atlowlightintensitYr and the

growth of these algaeis g00din those conditions

（Arasaki1953）．　The appearance of severai kelp species

including旦・bicyclis was observed on artificial or

Cleared naturai substrata at depths of　5　to　35m within

the first Year Of fouiing experiments（Zt81959，＝wahashi

1968r Fager1971′　Foster1975′　DaYtOn et al・19841Reed

and Foster1984）．　A condition oflowlightintensitY

SeemS neCeSSarY for their germination and growth・　The

absence of E．bicyciis unti113　months afterimmersion at
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Depths A and B maY be due to theinhibiting effect of

highlightintensity（Table　2）．

AtlO＼Or13　months afterimmersion，large－Sized

Codium latum and C．fragile dominated the water c01umn at

Depths A and B，but not at Depths C and D，Where young

individuals of E・bicyclis predominated・　Thelarge－Si2＝ed

Cod土um SPeCies seem unable to grow successfully at

greater depths．　This suggests that their grovthis

inhibited bY里．bicyciis because theiatter absorbslight

near plates．　padina arborescens appeared transientlY at

Depths B and Cin the first Year afterimmersion・　Light

COnditions at these depths would be suitable for the

recruitment and growth of this alga●　Howeverlit was not

alwaYS Observed during the first Year afterimmersion・

The sporadic occurrence of this species maY have been

CauSed bY OVergrOWth of c010nial animals before reaching

its mature size．　Whenit was observed．it was always

found on onlY One Of the plates at each depth・　This

SuggeStS thatits recruitmentis also essentiailY pOOr．

（2）Later develo mental rOCeSS

At Depths A and B，after the decline of Ulva pertusa

and several other green algaetiarge－Sized Codium
Spp●

OCCuPied space from spring t01ate summerin the first

Year afterimmersion●　Nextr the perenniai kelp
Eisen土a

bicyclis appeared and finallY dominated available space
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（Table2）．At Depths C and D．no distinct dominant

SPeCies was observed（Table　2）．

E．bicyclis was observed from the middle t01ate

Stage Of community development●　This may be because：it

has a robust stipe and holdfast；it forms a canopy which

ensuresits escape from shading；andit has a perennial

life cYCle with considerableiongevity・ThelongevitY Of

this speciesis knovn to be atleast more than　5years

from the growth rings on the stipe（Maegawa and Kida

1984）．　These characteristics also madeit possible to

dominate finallY bothin area covered andin the water

C01umn near the plates at Depths A and B．

On the other hand′ Eisenia bicyclis decreasedin

PerCent COVer Or disappeared entirelY at Depths C and D

in thelate stage of communitY development・　EarlY

C01onizers，里．pertusa and C． adhaerens ．and a middle

C010nizer appearinglaterin the first Year after

1mmerSlOn′ Geiidium amansii r appeared again at Depths C

and D　37　months afterimmersion（Table　2）．　This

reappearanceindicates that such communities return to an

early stage of cornmunity development・　The pattern of

this return at Depth D was different from that at Depth

C・　工n Depth D samplesT One YOungindividual of E・

bicYClis was observed　37　months afterimmersion，but not

found　26　months afterimmersion（Table　2）．　Furthermore，

U．pertusa and G． amansii existed simultaneousiY at Depth
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D　37　months afterimmersion（Table　2）．　Thisindicates

that a recovery from a secondary earlY Stage tO alater

Stage Of communitY deveiopment occurred during the period

from　26　t0　37　months afterimmersion．

The decreasein cover or disappearance Of E土senia

bicyclis at Depths C and D mentioned above may have been

CauSed mainlY bY Sand scouring due to wave action●　The

removal of other algae bY Sand scouringis probablY the

CauSe for a return to the earlY Stage Of communitY

development・Thereis the additional possibilitY that

this decreasein cover or disappearance was also caused

bY COntaCt Of plates with the sand bottom due to the

Change of sealevel with the tide or bY the action of

WaVeS・　Even at extremelow tidesin MaY and December，

thelover edges of the deepest sets of plates were about

30　cm Off the sand bottomr since this studY Siteis6m

deep and the deepest sets of plates are maintained5．5m

below the sea surface as already mentioned・Thereforet

there seemslittle possibilitY that contact of plates

With the bottom occurred at thelow tide．　On the other

hand′　While this studY Siteis ordinarily caim with waves

less than about30　cmin height throughout the Yeartin

StOrmY Weather waves ofl to2min height were observed．

Thereforer the deepest sets of plates might have comein

COntaCt With the sand bottomin some unfavorable

COnditions．
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2．Communit develo ment and ec010 ical characteristics

Of sessile invertebrates

PhYSical or biologiCal disturbance，SuCh as caused

bylog damagel StOrm－WaVeSI SCOuringl Sedimentationl

grazing or predation′　has been known to affect the

COmmunitY StruCture Of sessile organisms（e．g．，DaYtOn

1971′　Foster19751Aleem1957，McDouga111943r Bakus

1966′　Stephenson and Searles1960）．All the plates

examined had not comein contact with the sand bottom but

OnlY With ropes supporting themr so that predators common

On neighboring rockY reefst such as starfishr crabs and

Snailsr were rarelY Observed on plates except their YOung

individuals・By underwater observations during the daYt

Z confirmed the foilowing predators were foraging near
●

the raft which carried the plates：SurgeOn－fish

modestus and Ste

Cubicus

han01e 土s cirrhifer

Navodon

blowfish Ostracion

t and YOungindividuals of false parrot fish

fasc土atus． These predatory fish were

Observedin the warmer season fromlate spring to mid

autumn・　Howeverl theY hadlittleinfluence on the

present community structure of sessiie organisms－

Besidest grazing bY Sea urChins or snaiis common on

neighboring rockY reefs was negiigible for the same

reason as the？aSe Of predators．But，the scouring of

Sand from the bottom seems to have some effect on the
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COmmunity structure of sessileinvertebrates as mentioned

alreadyin the case of algal communitY．

ltis weil known that the overgrowth by sessile

invertebratesis animportant agent affecting the

COmmunitY StruCture Of sessile organisms（e．g．，Hoshiai

1959，1960′1965）．　Besides，the process of communitY

developmentri・e・′　aPPearanCe and transition of sessile

invertebrates．is alsoinfluenced bY Other various

ec010giCal characteristics of sessileinvertebrates such

as their sizes，life forms，rePrOduction，grOWth rates，

life spans，qualitY Of tissue or she11，and ability to

escape the overgrowth of c0lonial animals．　The earliest

COlon土zers hav土ng a S01土tary form′

Meqabalanus Ⅴ01cano

Baianus trigonus，

foram土nosus

decreasedin coverage or disappeared with communitY

development bY the effect of the overgrowth of c010nial

ascidianst brYOZOanSl and sponges having recruited a

littlelater（Tabie　3）．　The decreasein coverage of星．

trigonus at　6　0rlO months afterimmersion was primarilY

brought bY the overgrowth of colonials′　and secondarily

bY the predation of a p01yclad Pseudost 10Chus Sp．Wh土ch

WaS frequentlY Observedin the shells of barnacies．　The

increasein coverage of B．trigonus at13　months after

immersion is attributable to abundant recruitment in

Warmer SeaSOn（Table　3）．　The percent cover of些． Ⅴ01cano

and　ヱ4．．rosa increased unti16　months after immersion
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unlike里．trigonus（Table　3）．　These two species grow

largerin size than B●　trigonusr making an escape from

the overgrowth of coionials more possible・　0vergrowth bY

C010nials aiso caused the disappearance of D． foraminosus

Of much smaller size from the platesimmersed for　6

months（Table　3）．　Osman（1977）Showed a hierarchYin

interspecific competition among several species of

SeSSileinvertebrates，in which s01itarY SPeCies of

limited size（Balanus

enstecher土

amphitrite niveus and Spirorbis

）were easiiy overgrown bY COlonial species

Of ascidiansr brYOZOanS and sponges・Like the Osmanls

hierarchY，the earliest colonizers of four species

Observed were covered easilY by c010nialsl and their

PerCent COVerS generally decreased with time．　However，

the complete disappearance from the plates did not

necessarily occur．　The barnacies B．trigonus．些． Ⅴ01cano

and M・rOSa Were found on the plates throughout this

StudY．　The spirOrbid D． foraminosus reappearedin the

Period from13　t0　37　months afterimmersion（Table　3）．

Theincomplete disappearance of these four species seems

to be due to their essentially abundant recruitsr and due

to free space produced secondarilY by the shells of

Crassostrea nippona，Mytilus edulis and Pinctada fucata

Which finally occupied three－dimensional space on the

Plates at Depths A and B．

Ascidians observed can be classified into three
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groups from the pattern of their appearances．　The first

groupincludes the species which appearedin the period

from2　to13months afterimmersion．　The second group

includes the species which were continuously found from

the first appearance until the end of this studY●　The

third groupincludes the species which appeared mainly37

months afterimmersion●　The species of the first group

Showedlow percent cover（Table　3）．Thislow percent

COVeris considered to have been brought bY theirlow

growth rates and bY theintensive overgrowth of the

C010nial species with higher growth rates which belong to

the second group．The s01itarY aSCidian二匹Y早昼Plicata，

Which belongs to the first groupT maY have sloughed off

from the plateslike the cases observed by Sutherland

（1974．1978）．Sutherland and Karlson（1977）and M00k

（1981）．　D土plosoma mitsukurii of the second grOup Spreads

On Plates earlier by high growth rate and showed a

maximumin coverage　6　0rlO months afterimmersion．　But

the percent cover of this species decreasedin the summer

at13　months afterimmersion（Table　3）．　The season of

SeXual reproduction of this species seems to be Year－

round centering the period ofJune to August（Kitazawa

1967t Yamaguchi1975T　工Waki et al．1977′　TsuchiYa and

Osanai1978）・The decreasein coverage of里． mitsukurii

in summer may be due to the atrophY Of vegetative growth

as a result of the aging Of the c010nies after sexual
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reproduction。　Didemnum moseleyi and Trid土demnum SaVlqnii

Showed high percent coverlO or13　months afterimmersion

iater than D． mitsukurii

grow more slowly than D．

（Table　3）．　These two species

mitsukurii ，but theY have the

robust tunic containing hard spiCules・　Their robust

tunics maY have ensured their presence until the end of

this studY・　These three species of ascidians plaY an

important rolein the present communitY StruCture because

Of theirintensive overgrowth．

inides

Amarouc土um multi 1土catum

SP．belong to the third group（Table

Sponges can be ciassifiedinto three groupsin

aPPearanCe Patternlike ascidians： Halichondria paniCea

appears to have been unable to avoid the overgrowth of

C010nials becauseit appeared onlY　4andlO months after

immerSiOn； Halichondria japonica appears to have been

able to avoid the overgrowth of c010nials because this

SPeCies was continuousiY found unti137months after

immersion　野卑桓Plumosa was aiater coionizer，being

founa only　37　months afterimmersion（Table　3）．

Bryozoans beiong to the first or second group of

aPPearanCe Pattern Whichis typified by the case of

ascidians．　watersipora Subovoidea and Amathia distans

Showed frequentlY high percent cover（Table3）．The

PerCent COVer Of W． Subovoidea decreased　6　0rlO months

afterimmersion at Depths A and B′　and aiittlelater13
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months afterimmersion at Depth D′　Whileit remainedlow

at Depth C（Table　3）．　This decrease orlownessin

COVerageis primarilY attributable to the overgrowth of

D土plosoma mitsukurii．

COVer Of D．

On the other hand．the percent

mitsukurii decreased in the summer at13

months afterimmersion．　This decrease brought an

increasein coverage of W． Subovoidea and A．

（Table　3）．However，the percent cover of D．

distans

mitsukuri土

did not decrease greatiY at this time at Depth DF because

lower water temperature at greater depths would have

delaYed the sexual reproduction of this species・At this

depth，the percent cover of W．subovoidea was

While that of A． distans

10Wer′

WaS higher（Tabie　3）．　These two

SPeCies differiniife form：the formeris encrusting，

thelatter stoioniferous．　A．distans was found

abundantlY On the h01dfasts of the kelp E土senia bicyclis

Which was found onlY On Depth C and D platesimmersed for

13months（Table2）．BrYOZOanS Observed differin the

first time of appearance●　The earliest species appeared

2　0r　4months afterimmersionl thelatest oneslO months

afterimmersion：W．subovoidea

Parasmitt土na

distans，and Celie

Schizo oreila unicornis

Hembran土 Ora SaVartii

Oraria c01umnaris appearedin this

Order（Table　3）．　But，the reason of this differencein

the first time of appearanceis not clear●

The above－mentioned classification of ascidians，
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SPOngeS and brYOZOanSinto three groups from the pattern

Of their appearances seems to reflect the differencesin

their growth rates or reproductive abiiity・　The species

belonging tO the first group havelower growth ratest and

SOme SPeCies produce abundant recruits but others poor

OneSin the season of sexual reproduction・　On the other

hand′　the species belonging tO the second group have

higher growth rates producing probablY abundant recruits・

Thereforer thelatter species would have completelY

defeated the former species bY OVergrOWing within the

first Year afterimmersion．　Once thelatter dominated，

the former would be unabie to survive on the plates for

intensive overgrowth bY thelattert even though the

former frequentlY PrOduced abundant recruits●　The

OCCurrenCe Of the species of the third group at Depths A

and B　37months afterimmersion may be due to the

SCantiness of theirlarvae around the study site・

Besides′　the communities at Depths A and B were dominated

bY the kelp

Crassostrea

Eisen土a bicyclis as well as the oYSter

nippona（Tables　2　and　3）．　The canopY and

Shell produce shading and free space on the plates′

respectively．　＝tisinferred that these two factors seem

necessarY for the settlement of the species of the third

9rOup．

The bivalves pinctada fucata

Crassostrea

′　Mytilus edulis and

nippona could recruit within the first Year
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Ofimmersion●　The third species waslaterin the first

time of appearance　くTabie　3）．　These three species

Settled and grew on barnacles，and finallY dominated

Depth A platesimmersed for　37　months●　Thereforel theY

are considered to have abilitY tO eSCaPe the overgrowth

Of c01oniais●　The first and second species can detach

themselves from their bYSSuSeS and move from their

attachment sites．　The opening and closing movement of

Shells of these three speciesis aiso considered to

PreVent the overgrowth of colonials．　＝n the first Year

afterimmersion，里．

PerCent COVer Of M．

fucata

edulis

appeared sporadicallYr and the

decreased temporarilylO

months afterimmersion（Table　3）．　This discontinuous

appearance or decreasein coverage of these two species

SeemS tO be due to the overgrowth of c010nials as well as

their slow growth rates and p00r reCruitment・

Pinctada fucata appeared again at Depths A and B　37

months afterimmersion（Table　3）．　Thisindicates that

the compiicated surface structure Of Crassostrea nlppOna

is necessarY for the establishment and survival of P．

fucata． Mytilus edulis existed onlY at Depth A　26　and　37

months afterimmersion．　This maYindicate that other

depths are not suitable forits survival becauseits

natural distributionis generailY reStricted to the range

fromintertidal to shallower subtidal zone．　C．nippona

Can g■rOW tO have a massive and robust shell and can
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escape the overgrowth of colonials．　Therefore，it

finallY OCCuPied three－dimensional space withlarge

COVerage．　＝t has the following characteristics

advantageous forits survival；rObust shell，great

adhesive power to substratumr great opening and closing

power of shellr and alonglife span・　Thereforel this

SPeCies wili be able to survive untilits natural death

unlessitis killed bY SuCh disturbance as scouringtlog

damage or predation●　This suggests that the domination

Of C・nippona at Depths A and Blasts for a fairlYlong

time・　Thelife span of C●　nipponais not certain′　but Z

COnfirmed thatit couldlive more thanlO YearS．

3．Factors affectin the transition of al

Fifteen algal species had appeared on the plates

Within　6　months afterimmersion（Table　2）．　Of these，

Perenniai and shade－adapted species of algae are

COnSidered to have outcompeted the ephemeralt annual and

more sun－aaaPted species throughinterspecific

COmpetition forlight．　The algae surviving until the

iater stages of communitY development are considered to

be species more tolerant oflowiightintensity・ Eisenia

bicyclis can be regarded as a representative of perennial

and shade－adapted algae．　Thelater recruitment of the

remaining two species might be facilitated bYlowlight
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intensitY brought about by the earlY COlonizers・On the

Other handt theY maY be regarded as toierant species

resistant to reducedlightintensity during community

developmentrif they had recruited simultaneously on

plates with the earlY C010nizers and then survived

throughout community development・The first time of

appearance of E．bicyclis differs with depth．　＝t

appeared firstin the first to second Year after

immersion at Depths A and B′later than at Depths C and

D・This suggests thatit was probablY aSSisted bYlow

lightintensity brought about by resident algae・　At

Depths A and B　37　months afterimmersion where E．

bicyclis occurred as a dominantF nO algae other than this

SpeC土es and Padina arborescens were PreSentin spite of

the existence of the free spaces on the shelis of

Crassostrea

Ⅴ01cano

nlpPOna′ Balanus trigonus，Megabalanus

and望．壬生皇室（Table2）．At Depths C and D where

C010nial animals dominated．0niY four algal species were

Observed　37　months afterimmersion（Table　2）．　This

SuggeStS that at Depths A and B the recruitment and

growth of other aigaeisinhibited by里．bicyclis and at

Depths C and D bY the overgrowth of coionial animals・　tt

has been suggested that spaceis a mainiimiting factor

in the communitY development of sessileinvertebratesr

becauseinterspecific competition among them through

SmOthering has a great effect on the determination of
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COmmunitY StruCture（Connel11961，DaYtOn1971．Emerson

and Zedler1978，Dean and Hurd1980）．　AIsoin an algal

COmmunity．Space seems to be alimiting factorin some

CaSeS・　Butlighttinducing a depth stratificationin the

algal community，SeemS tO be a much moreimportant

limiting factor for the recruitmentl germination and

grovth of aigae than spacet becauseinterspecific

COmPetition among algae through shading has a great

effect on the determination of the communitY StruCture．

4．Stab土1it and end Oint in commun土t develo ment

The oYSter Often forms an assemblage with manY

associated animals on underwater stones or rockY reefs

（MBbius1877′　TsuchiYa and Hirano1985）．As to the

SuCCeSSion of communities of sessileinvertebrates，there

have been few studies havinginvestigated the domination

bY OYSterS・On the other hand′　the domination of free

SPaCe bY muSSeis has beenindicated bY many Studies since

theinvestigation by Hewatt（1935）．　The mussel remains

dominant on rockY reefs bY the occupation of space

through overgrowing other species andinhibiting the

COionization of other sessile speciesI When phYSical or

biological disturbanceis not effective（Paine1966，

1971．1974．DaYtOn1971．Menge1976）．　＝n this studY，an

assembiage dominated bY Crassostrea
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Depths A and B where there was no effective disturbance

SuCh as scouring bY the bottom sand．　On the other hand．

at Depths C and D where such phYSical disturbance acted

effectiveiy．the domination bY呈．nippona never occurred・

The number of species at Depths A and B remained aimost

COnStantin the period from13　to　37　months after

immersion′　While that at Depths C and D showed a tendencY

to decreasein this period（Fig．7　and Table　6）．

Besides，though samplesimmersed for13　to　37　months were

not dividedinto tvo stages distinctlY between Depths B

and Cin the diagram of Fig．6t the species which

OCCuPied high ranks of the top to thirdin Stage　3　showed

mean percent cover simiiar t0　0ne anOther except for

Balanus trigonus，While thosein Stagesl and　2　did not

Show such similarity among them（Tabie　4）．　These facts

SuggeSt that communities at Depths A and B are stablein

COmmunitY StruCture Showing an equal apportionment of

PerCent COVer amOng high ranked species，While

COmmunities at Depths C and D are unstablein communitY

StruCture，having simpler communitY StruCture OWing to

the domination bY a few species．　Connell（1978）also

indicated that when disturbanceis strongly effectivel

COmmunity structure becom芦S Simpier・　EspeciallYt the　37A

SamPle maY be regarded as more matured community because

Of more massive grovth of C．nippona．

As to the endpoint of communities of sessile
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invertebrates on artificial platesr Sutherland and

Karlson（1977），Sutheriand（1974，1978）and Osman（1977）

Observed that the communities were dominated bY

brYOZOanSl SPOngeS Or SOiitarY aSCidians′　but not bY

OySterS Or muSSels．　From the facts that the same single

SPeCies does not dominate experimental plates．theY

indicated that the historical differences in coionization

Or disturbance occurring during communitY development

a110W the domination of different species．　From these

results，Sutheriand（1974）Pointed out that multiple

Stable points are an undeniable realitYin his system，

While osman（1977）described that dominance bY a Single

SPeCiesis a stabie endpoint and uniess disturbed this

COmPOSition will persistr and that the historical

differences will ailow different species to dominatet

therefore allowing a group of stable endpoints．

Sutheriand（1974）and Osman（1977）immersed the plates at

different seasons throughout the Year．　＝　did not trY tO

immerse the plates at other seasons than summer．　The

unidirectional change of communitY StruCture SuCh as the

transition from Stagel to Stages　2　and　3　at Depths A，B

and C（Fig．6）does not necessarilY OCCurif the

experiment was started at winter season．　The abundant

recruitment of barnacies which characterized Stagel

OCCurS mainlyin warmer seasonin Nabeta Bay，SO that an

initial stage of communitY deveiopmentinitiatedin
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CO01er season will be probably dominated bY Other

SPeCies・　Butritis notlikely that the other species

COntinue to inhibit the recruitment of barnacies

COmPleteiY OVer One Year，because an abundance of

barnaclesllarvae probablY makesit possible for them to

recruit even on a slightly opened space・　The settlement

Of Crassostrea nippona more frequentlY OCCurred on the

Shells of barnacles．　Therefore，itis thought that the

recruitment of C．nippona on the sheils of barnacles wili

SureiY OCCurin the near future，S010ng aS there are the

Shells of barnacles on plates．　C●　nippona can settle

easilY On the shelis of barnacles having high abilitY Of

recruitmentlit can escape theintensive overgrowth of

C010niais andit has alonglife span●　These facts

SuggeSt thatt uniess effectiveiY disturbedl COmmunities

Of sessileinvertebrates will be gradually converging On

an oyster assembiage with time and then the oYSter

assemblage will become a persistent，Stable endpoint of

COmmunitY developmentin spite of the seasonal difference

in the start ofimmersion of experimental plates・　This

Single endpoint of communitY deveiopment dominated by呈．

nippona differs from the results of Sutherland（1974）and

Osman（1977）whichindicated the destination of their

COmmunitY development as multiple stabie points and a

group of stable pointsr respectivelY・　Basicallyl

COmmunities of sessile organisms submerged at different
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times should converge on an equiiibrium assemblage of the

longest－iived species′ifits speciesis not disturbed bY

PhYSical factor or bi010gicalinteractions（Glasser

1982）・The domination by呈．nippona has not been

Observed on neighboring natural rockY reefsr but

artificial structure such as the concrete breakwaters

Showed frequentlY the monoculture bY呈．nippona over

their surface．

Like the case of oYSterS mentioned above，muSSels

also possess a fairlYlonglife span and can escape the

intensive overgrovth of c010nialsT SO that theY aPPear

SimilarlY tO be able to bring a singie endpoint dominated

bY OnlY One SPeCies when thereis no effective

disturbance（Painel966，1971．1974，DaYtOn1971，Menge

1976）．However，muSSels could not dominate plates

immersedin the subtidal zonein this studYt the reason

Of which must・be made clearin futureinvestigation．

The plates were dominated bY呈．nippona as mentioned

abovel While the water c01umn near them bY the kelp

Eisenla bicyclis．　Theiatter species has alonglife

like the formerr and ordinarily dominates neighbouring

natural rock reefs as well as artificial structure unlike

the former・　Though the recruitment time of this alga was

later than other algae because of a shade－adapted algat

itis thought that the reducion ofiight bYitslarge－

Sized blades on plates would haveinhibited the

74



recruitment or germination of other algae・　tf once this

alga recruits and establishes on platesrit will finaily

COme tO dominate the water coiumn throughinterspecific

COmPetition forlight with the growth when thereis no

effective disturbance such as scouring from the bottom

Sand or no continuoust extensive overgrowth by c0lonial

animals．　Thus，itis considered that unless effectivelY

disturbed．communities of sessile organisms developinto

a stable′　PerSistent assemblage of oYSterS and kelps・

rocess of communit StruCture

（1）．C0lonization curve

MacArthur and Wilson（1963′1967）suggested that the

number of species on anislandis the outcome of tw0

0PPOSing processes：immigrationr adding new species′　and

extinction′　Subtracting existing species・　＝n timer the

resultant number of speciesis thought to become fairlY

COnStant，VarYing Slightly around an equilibrium value・

The curves expressing the changes of the number of

SPeCies against time frominitiation are represented as

一’C0lonization curveH．As pointed out bY Schoener（1974）．

Schoener et al．（1978）and Osman（1977，1978），a Set Of

Piates emploYedin this studY WaS regarded as anisland

土S01ated truly．

BY uSing the data drawn from the several pubiished
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Panel studies．schoener（1974）assessed the shapes of

COlonization curve over ca●13monthsI periodin marine

environment（i．e．′　Whether the number of species

approaches an equilibrium value and what effect the

SeaSOnal recruitment of sessile organisms has on the

Shapes）．　She divided these c010nization curvesinto

three tYPeS‥　the firstincreases throughoutits observed

Period（TYPe A）；the second tends to become horizontal

toward the end of observed period（TYpe B）；and the third

becomes horizontal well before the end of observed period

（TYPe C）．　She concluded thatin most of these

C010nization curves the number of species does not

approach an equilibrium value during c010nizationlike

Type A．

These curves assessed bY Schoener（1974）showed

SeaSOnal variationsin temperate regiOnS；they rose more

rapidlYin theinitiai portion of warmer months thanin

that of co01er ones．　substantiai seasonal variation

relates closelY tO the reproductive season of potential

COlonizers（e・g．，W00ds H01e Oceanographic＝nstitution

1952，and others）．Differencein reproductive season

among sessile organism等　has an effect on the rate of

increasein the number of speciesin theinitial portion

Of c010nization curve（Schoener1974，Osman1977）．

OsmanTs（1977）experiments on panels submerged at the

Various times of Year ClearlY demonstrated that more
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rapid c010nization occurs during warmer months′　reSulting

earlierin a higher equilibrium number of species．

Furthermore，Schoener et al．（1978）compared one

Yearls c010nization curves onidentical panels submerged

at the similar time of year at several shallower－Water

Northern Hemispherelocalities ranging from tropiCal to

SubtropiCalt temperatet and subarctic regiOnSr

restricting their comparisons to the surveYSinitiatedin

the warmer months of spring to earlY Summer・They

reported that the tropiCal Thaiiand curve rises rapidlY

to reach a peakin the number of species and then beginS

to descendt that the subtropICai Hawaii curve reaches a

maxilnum number of specieslater and then decreases′　that

temperate and subarctic regiOnS Show slowiY rising・CurVeS

Which become horizontal afterwardst and that the numbers

Of species on the panels from all regiOnS finallY

approach the similar values at the end of observed

Period．　Besides．Schoener et ai．（1978）Pointed out that

the colonization curvein Korea of several temperate

localities resembles the subtropiCal curve rather than

the other temperate ones because of theinfluence of a

Warmer－Water WeStWard flowing branch of the Kuroshio（the

Yellow sea warm current）which mitigates water

temperatures of northerlYlatitudes●

＝tis appropriate to ask whether these coIonization

CurVeS are，in fact，aPPrOaChing their equilibrium values
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Within one YearTs period．　Schoener et al．（1978）

describesllBecause this studY had terminated after one

Year／We hope that future experiments conclude at some

less arbitrarY POint than the end of one calendar Year

after submergenceH●　As to the equilibrium number of

SPeCiesr there are two opposite results；Sutherland and

Karlson（1977）found out that their North Car01ina

fouling－Plates require more than one yearls time to reach

an equilibrium number of species．while Osman（1977）

SuggeSted that one YearTs timeis a sufficient period for

the equilibrium to be approached on his Massachusetts

panels．

The plates of serieslin this studY Were SuSPended

inJulY Of warmer month．The number of species per plate

increased significantiY through the period from2t06

months afterimmersion（Table　6）．ParticularlY，from2

t0　4　months afterimmersion the rate ofincrease of the

number of species was high（Fig．7）．This high rate

SuggeStS that reproductive seasons of many of sessile

Organisms foundin the present studY area arein the

Warmer months of late summer t01ate autumn as in the

results of Schoener（1974）and Osman（1977）．　＝n this

StudYl the number of species at each depth became

horizontal after reaching・a maXimum6months after

immersion and showed similar valuesin meanlO and13

months afterimmersion（Fig．7）．This suggests that one
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yearTs timein this studYis a sufficient period for the

equilibrium number of species・　This attainment to an

equilibrium number of species within one Year from

initiation coincided with the results of OsmanTs

Massachusetts panels（1977）．　Though Sutherland and

Karlson（1977）indicated that equilibrium number was not

attained within one Year afterimmersion，their North

Car01ina communities were dominated bY早句竺＿1年Or

Sch土zo Orella after one or two years from　土nit土ation・

But，their communitY StruCtureis considered to have been

destroYed because of sioughing of旦塑塁in summer・

Though the domination of another species Schizo Orella

Often persisted when the preemption of plates bY this

SPeCies occurred before being overgrown bY Other species′

there were sometimes cases where the monopoly of plates

11a WaSinhibited bY蔓草ヱ早主旦（Sutherland

1977′1978）．　＝tis thought that the attainment to an

equilibrium number within one Year afterimmersion was

madeimpossible probably bY Sioughing of些塑墾旦Or

0VergrOWin90f些竺隻ユヰOntO Schlzo orella．

Though there are no data showing seasonal changesin

the number of species during the period from13　to37

months afterimmersion′　the number of speciesin twolate

SummerS and one early autumn at13．26　and　37　months

afterimmersion remained almost constant at Depths A and

B（Fig．7）．　＝n this period，four species
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adhaerens

Sch土

．C．1atum Botr lloides vioiaceus and

11a unicornis）occurred onlY13　months after

immersion at Depths A and B，While other four species

（Amarouc土um multl

plumosa

1土catum

and Pinctada

toclinides

王ucata）

Sp．，些　Cale

OnlY　37　months after

immersion at the same depths（Tables　2　and　3）．　This

differencein species composition suggests that the

attained．stable equilibrium numberis maintained bY the

replacement of species among these eight species・

FinallYt COmPared with the tYPeS Of colonization curve of

Schoener et ai．（1978），the present coionization curve

resembled that of their subtropiCal tYPe；・theinfluence

Of the Kuroshio aiong the Pacific coast ofJapan maY have

brought theincrease of the number of specieslike the

CaSe Of Korea studied bY Schoener et al．（1978）．

（2）．Develo mental rocess at A and B

At Depths A and B，the three parameters of S，旦■　and

Jlincreasedin the period from2t06months after

immersion（Fig．7　and Table　6）．　Thisindicates thatin

theinitial stage of communitY deveiopmentl Depth A and B

COmmunities come to have many species of sessile

Organisms and to show an even apportionment of coverage

among the species・After thatl the high values of HI

Which occurred　6　months afterimmersion remained constant

in the period from13　to　37months afterimmersion，
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though there was a temporarY decreaselO months after

immersion（Fig．7）．This similar high value of H－

between these two phases does not mean an analogyin

COmmunitY StruCture between them．The high value of HI

at　6　months afterimmersion results from the high value

Of S rather than三㌧　While thatin the period from13　to

37　months afterimmersion results from the high value of

JT rather than S（Fig．7）．Thisindicates that13to37

monthsI samples at Depths A and B come to show a more

even apportionment of coverage among species rather than

anincreasein the number of species・　On the other hand′

the temporarY decrease of H－　atlO months afterimmersion

results from thelow value of S（Fig．7）．　The overgrowth

Of the coionial ascidian Diplosoma mitsukur土i wh土ch

dominated at thisimmersion periodis considered to have

mainly caused the extinction of species showinglow

PerCent COVer．　A temporarYincrease of MD＝　atlO months

afterimmersion（Fig．7）is also considered to reflect

the domination of D． mitsukurii． ＝n the period from13

to37months afterimmersion，the values of S，旦一，旦T and

MD＝　at Depths A and B also remained almost constant．

From the constancY Of these four parameterstitis

inferred that Depth A and B communities are stablein

COmmunity structure afterimmersion for ca．0ne Year．　＝n

this stable statet an equilibrium number of speciesis

attained′　and the high value ofJT rather than Sis
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responsible for the high value of HT asindicated bY the

low value of MD工．

Thelow value of HSt at Depths A and B at　6　andlO

months afterimmersion（Fig．7）Shows a differencein

COmmunity structure among samples●　The difference at　6

months after immersion when S was maximum seems to be due

to the variabilitYin the recruitment of sessile

Organisms．While that atlO months afterimmersion when S

temporarilY decreased seems to be due to the extinction

Of several species of sessile organisms showinglow

COVerage by the overgrowth of colonials，eSPeCiallY Of D．

m土tsukurii． ＝n the period from13　to　37　months after

immersion，HS＝　also remained almost constant at Depths A

and B（Fig．7）．　However，thelowest mean of HS＝in Depth

A samplesimmersed for　37　months（Fig．7）is considered

to show much differencein community structure among the

Samples・　Depth A and B samplesimmersed for　37months

are characterized bY three－dimensionall COmPlicated

Surface structure of the shell of Crassostrea nlppOna

Which provided a new open space for the recruitment and

growth of colonials as well as s01itariesi and by the

rare two species AmarOuC土um mult土 1icatum and 哩∈阜昼

plumosa which occurred onlYin these samples through this

StudY・　The variabilitYin the recruitment of these rare

SPeCies maY be responsible for the differencein

COmmunitY StruCture．　And′　theinconsistencYin rank of
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the species ranking from the top to fourth among　37

monthsI Depth A samplesis considered to be responsible

for the differencein the simiiaritY Of communitY

StruCture；the　37　monthsI Depth A samples had two common

SPeCies Of Balanus trigonus and Amathia distans in the

ranks′　but the37monthsI Depth B to D samples had three

Or four common species consisting of B．trigonus′　旦・

m土tSukur土i ′　⊆・nlppOna′　里・ subovoidea and 旦・ d土stans

（Fig．14）．　Besides，the final dominant species

bicycl土S and Crassostrea

Eisenia

nippona did not show such high

ranks together on the same plate at Depth A（Fig・14）・

These two species may have relativelY equal or high

COmPetitive ranks for space．　The f01lowing two processes

have been thought to bring a differencein communitY

StruCture between sampies：Oneis that the recruitment of

SeSSile organismsis a universallY Variable and

unpredictable process（Sutheriand and Karlson1977）；the

Otheris that there are some species with relativeiy

equal or high competitive rank（Osman1977，Sutherland

and Karlson1977）．　As mentioned above，the former seems

to occurin theinitial andlater stages of cohmunitY

development，and thelatterin thelater stage of

COmmunity deveiopment．

（3）．Develo mental rocess at De ths C and D

At Depths C and D，the three parameters of S，旦一　and
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Jlincreased with the rapid recruitment of sessiie

Organismsin the period from　2　t0　6　months after

immersion as occurred at Depths A and B（Fig．7）．But a

temporarY decrease of Ht which occurredlO months after

immersion at Depths A and B did not occur especiallY at

Depth D・At thisimmersion period′　旦■　at Depth D showed

a max土mum（F土9．7）．　Th土s max土mum of H－　Was due to the

low values of S andJT at　6　months afterimmersion．　The

OVergrOWth of D． mitsukurii which dominated　6　months

afterimmersion eariier than other depthsis considered

to have brought theiow values of S andJ■　at this

immersion period．

＝n the period from13　t0　37　months afterimmersiont

COmmunitY StruCture at Depths C and D differed greatlY

from that at Depths A and B（Fig．7）．At Depths C and D．

S decreased significantlyin this period′　and HI showed a

tendencY tO decrease though not significant（Fig．7and

Table6）・From thelow values of S and里，，itis

inferred that Depth C and D communitiesin this period

are much simplerin communitY StruCture than Depth A and

B communitiesin the same period●　Theldw value of Hl

results from thelow value of S rather thanJI●　Besidesl

the decrease of S and HIin this period occurred earlier

at Depth D andlater at Depth Cl and a rise of MD＝

SimilarlY OCCurred earlier at Depth D andlater at Depth

C（Fig・7）・This suggests that the simplificationin
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StruCture Of Depth C and D communities occurs earlier at

Depth D than at Depth C．　The communities of sessile

Organisms which showed this simplification are regarded

as a return to animmature stage of communitY

development，because there were the reappearance of the

earlY C010nizers of green algae Ulva pertusa and

adhaerens，theincreasein coverage of the earlY

C010nizers of barnacles Balanus triqonus

Ⅴ01cano and

Cod土um

′　Meqabalanus

些・王立互生．and the decreasesin coverage or

disappearance of the kelp

Crassostrea

Eisen土a bicyclis and the oYSter

nippona which finallY dominated at Depths A

and B（Tables　2　and　3）．

On the other hand′　a high mean value ofJI was seen

in Depth D samplesimmersed for37months（Fig．7）．This

high value ofJl was brought bY the high similaritY Of

COVerage among the species having high coverage rather

than among the ones havingiow coverage（Fig．14）．The

low value of MD＝also suggests aiow degree of domination

（Fig・7）．These changesinJ，and MD＝　at Depth D from26

to37months afterimmersion are regarded as a recoverY

from a secondarYimmature stage to a mature stage of

COmmunitY development．　This recoverYis reflected bY the

appearance of the YOungindividual of thelater colonizer

Eisenla bicyclisin the communitY（Table　2）．

Thelowest mean of HS＝　occurred　6　months after

immersion at Depth C and13　months afterimmersion at
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Depth D（Fig．7）．　Theiow value at　6　months after

immersion seems to be due to the variabilitYin the

recruitment of sessile organismst while that at13months

after immersion seems to be due to the extinction of

SeVerai species of sessile organisms by the overgrowth of

COlonials，eSPeCiallY Of D． mitsukur土土． ＝n the period

from13　t0　37　months afterimmersiont HS＝　was higher at

26　and　37　months afterimmersion at Depth D（Fig．7）．

This rise of HSZ from13　t0　26　months after immersion at

Depth Dis also regarded as a return to animmature stage

Of community development because the high similarityin

COmmunitY StruCture between the samples results from the

Simplification of communitY StruCture mainlY bY an

increasein coverage of the eariy colonizers of

barnacies，While alittle decreasein mean of HSZ from　26

t0　37　months after immersion also seems to reflect a

recoverY tO a mature State Of communitY development．

6．Stabillt Of communit StruCture

in the period from13　to　37　months afterimmersion．

the pattern of transition of sessile organisms differed

greatlY With depth；Depth A and B communities were

finallY dominated bY Eisenla bicyclis and Crassostrea

nippona，While Depth C and D communities finailY Showed

the decreasein coverage or disappearance of these two
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SPeCies／f01lowed bY the occurrence of a mixture of the

earlYl middle andlate colonizers of algae and bY the

increasein coverage of the early colonizers of

barnacles●　These changes at Depths C and D seem to be

brought mainly bY the sand scouring due to wave action・

A disturbance such as scouring of bottom sand to

COmmunitYis regarded as an agent makingit return to an

immature stage of communitY development．

PhYSical or bi010giCal disturbance to communities

has been proved to operate on the determination or

maintenance of communitY StruCtureinintertidal zones

（Johnson1970．DaYtOn1971．Sousa1979，Paine and Levin

1981．Dethier1984），in subtidai zones（Moran1980，

AYling1981．HaY1984）andin coral reefs（Connel11978．

W00dleY et al．1981）．　Andit has beenindicated thatits

determination or maintenanceis contr011ed bY the

magnitude，frequencY andlength of disturbance

（Sutherland1981，Dethier1984）．　Though this studY did

not measure the magnitude，frequencY andlength of

disturbance at alit theinstability of the external

environment for sessile organisms on the piates at

greater depths such as scouring from the bottom sand

PrObablY have made the Depth C and D communities staYin

a particularimmature stage of communitY development．

Besidesr theseimmature communities maY be explicable bY

a stabilitY－time hYPOthesis of Sanders（1968），Which
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tries to explain differencesin species diversity between

COmmunities・　Communities at Depths A and B maY be

regarded as approximation to a biologiCallY aCCOmmOdated

COmmunity being the one of both endsin the continuum of

his hYPOthesisT While communities at Depths C and D as a

StaYin a phYSicallY COntr011ed community being the other

Of those ends．

＝n this studY，COmmunities at Depths A and B where

there was no effective phYSical or bi010giCal

disturbancer reached a more mature stage of communitY

development dominated by Eisenia bicycl土s and Crassostrea

nippona with superior competitive abilities peculiar to

themseives through bi010giCaiinteractions of

interspecific competition forlight or space．ThusJ When

Physicai or bi010gical disturbanceis not effective on

COmmunitYr the f0iiowing morphologiCall PhYSi010giCal or

ec0logicよi characteristics of these two species（i．e．．

the keipIs morphologiCal formr robustness of tissuet

t01erance for shadingin germination or growthr and a

longlife span；and the oysterls robust shellt great

adhesive power to substratumI great Strengthin opening

and shutting movement of sheil，and alonglife span）are

COnSidered to beimportant for the determination and

maintenance of community structurein the future

COmmunitY deveiopment of sessile organisms．　When

disturbanceis more effective on a communitY Of sessile
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Organismstitis thought thatit forces the community to

StaYin animmature stage of community development・

7．Developmental process of communitv metab01ism

The relation between Pg and R values which reversed

along the gradient of depth at2mOnths afterimmersion

WaS due to abundant recruitment of microalg・ae SuCh as

diatoms at Depths A and．B and of barnacles at Depths C

and D・　ThereforeT Pg was higher at Depths A and Bt R was

higher at Depths C and Dt and estimated energY budgetin

a daY（Pg／R）suggested an autotrophic state at Depth A，a

SlightlY heterotrophic state at Depth B，and a more

heterotrophic state at Depths C and D（Fig．8）．　＝n the

Period from2　t0　6months afterimmersionJ Pg and R

Showed noincrease with timein spite of the growth of

Organisms（Fig．8）．　Thisis attributable to the fallin

Water temPerature from summer to winter．　＝n this periodr

the decrease of R rather than Pg was great，SO that Pg／R

indicated an autotrophic stater especiallYin midwinter

at　6months afterimmersion（Fig．8）．　＝n the period from

6　t013months afterimmersion of winter to summerr Pg

and Rincreased tog・ether to reach a maximumlO or13

months afterimmer苧ion．at which Pg／R was approximate t0

10rit shovedla vaiuein a heterotrophic state（Fig．8）．

R seems to be more affected bY Water temPerature than Pg；
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the regression coefficients of Pg and R with temperature

Of young samples within the first year afterimmersion

Were generally higherin R thanin Pg（TableslO andll）．

Therefore．Pg／Ris considered to have decreased　6　to13

months after immersion．

＝n the period from13　t0　37　months afterimmersion，

Pg showed a decrease（Fig．8　and Table　7）．　This decrease

is attributable to differences in the total mass of the

PhotosYnthetic tissues of dominant aig・ae amOng SamPles・

Theiarge－Sized Codium latum which dominatedlO or13

months after immersion was most massive in the mass of

PhotosYnthetic tissue perindividual among algae

appearingin this studYr SO that this alga brought the

maximum of Pg atlO or13　months afterimmersion．　As to

E土senia bicyclis of final dominant species．its stipe was

SCarCely activein photosYnthesisr SO thatits blades are

regarded as photosYnthetic tissue．　The smaliness of E．

bicyclis more than C． 1atum in the mass of photosYnthetic

tissue perindividualis thought to be the primarY reaSOn

for bringing thelow vaiue of pgin thelate stage of

COmmunity development．　The secondary reasonis that E・

垂主qyclis often occurred on the edges（lateral faces）of

Piates・At this time，里．bicyclis was stripped from them

before metab01ism measurement．　A wide variation of Pg

Valuesin Depth、C samplesimmersed for　26　months was・also

due to the frequent occurrence on the edges of this
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SPeCies・　Thusr when experimental plates with alarger

area thanin this study were used．Pgin thelater stage

Of community deveiopment would probablY become much

higher because thereis no edge effect on E・bicyclis・

R showed a tendencY tO decrease at Depths C and Din

the period from13　to　37　months afterimmersion（Fig．8

and Table　7）．　This decreaseis attributable to the

decreasein biomass of sessile organisms bY falling from

the plates．　However，the values of R at Depths A and B

in this period were not finallY S010w as at Depths C and

D，increasing　26　t0　37　months afterimmersion（Fig．8）．

Thisincreaseis attributable to not onlY the growth of

finallY dominated Crassostrea nippona and E土sen土a

些qY些主星but also theincreases of epifaunas dwelling on

these two dominant species andinfaunas dwellingin the

former massive shells and among thelatter h01dfasts・

Odum（1969）made a suggestion about the change of

bioenergeticsin ecosYStem during succession：Pg exceeds

Rin the earlY Stage Of succession，in which Pg／R becomes

greater thanl；although Pg／Ris reverselyless thanlin

a special case of organic pollution，Pg／R finally

approachesI with the progress of successionin both

CaSeS・　And he suggested that the ratio of Pg／Ris an

excellent functionalindex of the relative maturitY Of

the sYStem・And thenr from comparing the pattern of a

lOO daysI autotrophic successionin a microcosm based on
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the data of Cooke（1967）and the hypothetical model of a

lOO YearSl forest succession presented by Kira and Shidei

（1967），heindicated that the two patterns show a

Characteristic processin change of Pg／R along

SuCCeSSion′　thatis，Pg exceeds Rin the earlY Stage Of

SuCCeSSion，in which Pg／R becomes greater thanl，and

then Pg／R finally approachesl．

＝n this studYl the pattern of changein Pg during

COmmunitY development paralleled to the above－Stated two

CaSeS Which showed a decrease after a maximum′　but that

Of R paralleled to the microcosm－s case which showed

decrease after a maximum rather than the forestls one

Which showed stabiiization after a maximum．　But Pg and R

did not finallY aPPrOaCh each other，and Pg／Rindicated a

more heterotrophic statein more developed Depth A and B

COmmunities（Fig．8）．　This developmentinto a more

heterotrophic state differs from OdumIs prediction●

Communities of sessile organisms are an open sYStemin

the water for energY reSOurCe Oflight or f00d●　Almost

all sessileinvertebrates are filter feeders and depend

On particulate organic matter suspendedin the watert so

that they exploit plankton or organic suspension from

SurrOunding water mass as energY SOurCe tO SuPPOrt their

lives・Margalef（1968）indicated that this exploitation

Of surrounding organic matter occursin plankton

COmmunities・Much more heterotrophi、C State at Depth A37
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months afterimmersion suggests that thereis the strong

exploitation of organic matter from the waterin the

PreSent COmmunities of sessile organisms．　Fisher et al・

（1982）investigated the transition of communitY

attributes f01lowing succession after a floodin a desert

Stream With the purpose of testing the hYPOthesis of Odum

（1969）and Margalef（1968）on succession，andindicated

that pg and Rincrease rapidly after the flood and that

Pg／R exceedsl bY5daYS but does not approachl

afterwards as predicted by Odum（1969）．　Fisher et al．

（1982）suggested that a criterionin Pg／R of approaching

l which derived from relativelY Ciosed ecosYStemS bY Odum

（1960），BeYerS（1963），Cooke（1967）and Gordon et al．

（1969）isinadequate to describe successionin such open

SYStem aS StreamS．　The results of this studY agreed with

those of Fisher et al．（1982）in that Pg・／R did not alwaYS

approachl with succession，but showea a tendencY

becoming heterotrophic state with succession．

Furthermore，Odum（1969）proposed that Pg／R deviates

greatlY froml when communitY returnS tO animmature

Stage Of community development，but this studY Showed

that the Pg／R values of the Depth C and D communities

Which showed a return to animmature stage from13　to　37

mOnths afterimmersionindicates a heterotrophic state

iike the Depth A and B communities which showed

development to a mature stagel but the former communities
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Were higherin vaiue than thelatter ones（Fig．8）．

Though the Pg／R did not finally approachlin this study，

the pg／R more heterotrophic at Depths A and Bindicates a

mature stage of community deveiopment because of the

StrOng eXploitation of organic matter from the

SurrOundings of platesI While the slightly high value of

Pg／R at Depths C and D than at Depths A and Bindicates a

deviation from the mature state of communitY Which means

a return to animmature stage of communitY development・

8．Develo mental rocess of communit biomass

As described alreadY，a great difference was

COnfirmed between Depths A and B and Depths C and Din

the changes of percent coverl COmmunitY StruCture and

COmmunity metabolism during the period from13　t0　37

months afterimmersiop・CommunitY biomass except

ChlorophYll a at Depths A and B generallYincreased with

SuCCeSSiont while that at Depths C and Dincreased unti1

13　mOnths afterimmersion and then decreased in the

period from13　t0　37　months afterimmersion（Fig．10）．

After barnacles Baianus trigonus′　Megabaianus VOIcano and

祖・rOSa C010nized piatesimmediatelY aS earlier

C010nizerst theY COVered most of bare space rapidlY and

formed alayer on the plates　2　months afterimmersion・

The barnacles．especiallY星．trigonus，attaChed to each
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Other and formed one to threelayers on the plates・

Their shells provided new attachment sites for sessile

Organisms，and then were covered mostly bY C010nial

animals as a result of vegetative reproduction・　The

C010nials could scarceiY grOW tO the direction

PerPendicular to the plates．　But the brYOZOan

WaterslpOra Subovoidea OCCaSionailY Showedits grovth to

the direction perpendicular to piates along thelateral

Surface of the sheil of barnacles or the f01iose of Ulva

pertusa．　The t土ssue of W． subovoideais fairlY fragile，

SO thatit was difficult forits species to extendits

OWn StruCture tO the three－dimensional space．　The

SeSSile organisms which contributed to theincreases of

COmmunitY biomass were not colonial animais but thelarge

macroa19ae．

Eisenia

Codium latum，⊆．fra如1e．⊆・

bicyclis，and thelarge bivalve，

divarlcatum and

Crassostrea

nippona，Which were able to dominate three－dimensional

SpaCe On the plates bY eSCaPing the overgrowth of

C010n土als．

The oYSter C．nippona covered most of sessile

OrganismsI species with the growth to occupYlarge cover

On the plates bYits massive bodY，and the keip旦・

bicyclis occupied the water coiumn near the piates bYits

biades．　Besides，the surfaces of the shelis ofits grown

OySter Were OCCuPied extensively by newiy recruited

barnacles and c010nial animals and partiallY bY neWIY
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recruited bivalvesincluding⊆．nippona and the growth of

C・nipponar and the expansion of three－dimensional space

by them contributed to theincreases of community biomass

except chlorophYil a．　The complicated′　rugged massive

StruCture COnStruCted on the plates bY SeSSile organisms

is considered to be suitable for dweliing of mobile

infaunas such as poIYChaetes and for accumulation of

Organic detritus or sediment．

CommunitY biomass at Depths A and B generallY

increased with time except for chlorophYll旦（Fig．10）．

＝n Depth A samplesimmersed for　37　months，DM was　26．8

kg／m2，ADH comprised95．5％of DM，and AFDM was1．2kg／m2．

0n the other handl COmmunitY biomass at Depths C and D

increased unti113　months after immersion but decreased

from13　t0　37　months afterimmersion（Fig．10）．　This

decrease was significant at Depth D（Table　8）．　Compared

With DM．ADM and AFDM of　37　months，Depth A sample，those

Of　37　monthsI Depth D sample were O．17′　0・17　and O・20

times′　reSPeCtivelY・　This suggests that the matter

accumulated on plates unti113　months afterimmersion had

fallen off from them from13　to　37　months afterimmersion

at Depths C and D・　At Depth Cl the percent cover of

Crassostrea nippona decreased from13　t0　37　months after

immersion（Table　3）．　At Depth D′　the

tr土gonus，祖egabalanus Ⅴ01cano and

C010nial animals Diplosoma

barnacles Balanus

M．rosa and the

m土tsukur土1
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Subovoidea and Amathia distans had formed a thin 1ayer on

Platesin the absence of呈．nippona（Table3）・As to a

factor causing the failing of the accumuiated matter from

Platest　＝　confirmed bY underwater observations that the

effects of grazers or predators are notimportantl and

the sand scouring from the bottom seems to be an agent

bringing the decrease of communitY biomass・
●

9．Develo mental rocess of communit matur土t indices

（1）．Gross ご1mar roduction／or anic carbon（P

Pg／C showed high values　2months afterimmersion at

Depths A and B（Fig．11）．This high values of Pg／C

resulted from both the high value of Pg bY abundant

microalgae and thelow vaiue of C bY a Small number of

barnacles at these two depths at this time（Figs．8and

lO）・　On the other hand．there were earlier and more

abundant recruitment of barnacles andless recruitment of

microalgae at Depths C and D than at Depths A and B′　SO

that Pg／C waslow at Depths C and D（Fig．11）．The

Changes of Pg／C with communitY development showed a

decrease at Depths A and B but were almost constant at

Depths C and D（Fig．11）．

＝n the period from13　t0　37　months afterimmersion，

COmmunities at Depths C and D showed a return to an

immature stage of communitY developmentr which was
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accompanied with the failing of matter from plates and bY

the reappearance of earlY COlonizers Ulva pertusa and

Codium adhaerens

C0lonizer Balanus

and theincreasein coverage of an earlY

trigonus．　This return toimmature

COmmunities was not accompanied With theincrease of

Pg／C，but the values of Pg／C at Depths C and D were

higher than at Depths A and B（Fig．1日．Spearman．s rank

COrr占Iation coefficients of Pg／C values of37months－

SamPles on the gradient of depth showed a significant

increase with depth（Fig．15）．

＝n a closed ecosYStem，Pgis the sole energYinflux

andis used for maintaining organisms or accumulating

biomass・　Howevert the present communitY Of sessile

Organismsis an open systemin the water，SO that energY

influx cominginto the communitYis the algal production

bY PhotosYnthesis and the taking of foods bY animals from

the water．　odum’s hYPOthesis on Pg／Cis thought to be

appropriate to a more closed ecosYStem′　but thelow value

Of Pg／Cin thelater developmental stage of the present

COmmunitY aS an OPen SYStem W畠s also brought by the

accumulation of biomass and the decrease of Pg．

（2）．Gross rimar I⊃rOduction／chloro hvll a（P／Chl．a）

Pg／Chl．皇generailY decreased with communitY

development after reachingits high values at　2months

afterimmersion（Fig．11）．　This decreaseis attributable
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to differencesinlife form of transitional algaein

COmmunity developnenttin which they changed from

microalgae，tO f01iose，tO branching and to keip

macroalgae．　工n this series oflife form，iight giVen

experimentallY tO Smali algae will almost all reach

ChlorophYll ain their tissues without being weakened bY

absorptionr while that tolarge algae will be weakened

more stronglY bY absorption before reaching chiorophYll a

in their tissues．　The high vaiue of Pg／Chl．旦at2

months afterimmersion was due to the presence of

microalgae，because the chlorophYll a within themis apt

to be exposed more fully t01ight．　But the kelp里・

bicyclisis considered not to be more fullY eXPOSed bY

thelight reachingits surface than f01iose aigae，塾生

pertusa and

frag土1e and

Cod土um latum

Pterocladia

，and branching ones， Cod土um

Capiliacea，because of the

Partial absorption oflight bYits thick tissue before

reaching chlorophYll a．　Depth A and B communities

immersed for　37　months which were dominated bY星．

bicyclis showed thelowest values of Pg／Chl．旦（Fig．11）．

A return to animmature stage of communitY development

Which occurred at Depths C and D after13　months from

immersion was not accompanied with anincreasein value

Of pg／Chl．亘，but Pg／Chl．旦in37months－　sampies was

SiightlY high at Depths C and D than at Depths A and B

（Fig．11）．This siightlY high value of Pg／Chl．呈is
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attributable mainly to the reappearance of the foliose

alga旦〕立皇PertuSa Of early c010nizer（Table2）・

Spearmanls rank correlation coefficients of Pg／Chl．旦

Values of　37monthsT samples on the gradient of depth

Showed a significantincrease with depth（Fig．15）．

（3）． Orqan土C carbon／or an土c n土tro en（C／N）

The wide variation of C／N at Depths A and B at　2

months afterimmersion（Fig．11）was caused bY Various

deg・reeS Of exposure of plates to sunlight・　Microalgae

SuCh as diatoms formed their mat on sunny plates．and

barnacles were abundant on shadowy ones．　From the

PrObabilitY that the N content of organic matterin algae

is higher than thatininvertebrates because of the

POSSeSSion of cell wall of algae，the ratios of C／Nin

algaeis generallY regarded as higher than thosein

invertebrates．So that the differencein recruitment

between microaigae and barnacles which was caused bY

Various degrees of exposure of plates to sunlightis

thought to have brought this wide variation of C／N．At

this time，the values of C／N were higher at Depths A and

B than at Depths C and D（Fig．11）．indicating more

abundant microalgae andless barnacles at the former

depths．　After that，C／N decreased and then remained

almost constant unti137　months afterimmersion except

for a few high vaiues atlO or13　months afterimmersion

100



（Fig．11）．　But，at Depth D，it showed a significant

decreasein the period from　2　to13　months after

immersiont and then a significantincreasein the period

from13　t0　37　months afterimmersion（Table　9）．　Though

both C and N showed similar changesin amount with

COmmunitY development，this decrease of C／Nin the former

Period at Depth D was due to theincreasein amount of N

rather than C（Fig・．10）．　This suggests that thereis an

increase of organic matterincluding Nin this period．　A

return to animmature state of communitY development

Which occurred at Depths C and Din the period from13　t0

37　months afterimmersion was accompanied vith a

Significantincrease of C／N at Depth D．　Thisincrease at

Depth D was due to more decreasein N thanin C（Fig．

10）．　This suggests that thereis a decrease of organic

matterincluding N rather than C．　SpearmanTs rank

COrrelation coefficients of C／N values of　37　monthsI

SamPles on the gradient of depth showed a significant

increase with depth（Fig．15）．The existence oflarge

invertebrates such as bivalves rather thanlarge algaF

EIsenia bicyclis may be one cause producing the high

Value of the rat土○　○f C to N．

（4）．P土 ment diversit （D430／D665）

MargaIef（1961．1967）suggested anindex of

D430／D665as a criterion for the degree of maturitY Of
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plankton communities．Niell（1979）showed that D430／D665

0f sessile organismsin anintertidal rocky shore does

notincrease with community developmentt and Fisher et

ai．（1982）showed the same results of D480／D666　for the

COmmunity deveiopment of organismsin a stream・　Besidest

COmmunities of sessile organisms formed on the artificial

COnCrete Plates set up experimentailY for ca・5　YearSin

intertidal rockY Shore near the present studY Site do not

aiso show anincrease of value of D430／D665（A．Yamagami，

perSOnal COmmunication）．　Pigment diversitY Of

COmmunitiesindicated bY D430／D665　0r D480／D666　Seems not

to be appropriate to a criterion for the degree of

maturitY Of the communitiesinintertidal rockY Shores or

StreamS．

＝n the present communities of sessile organisms

formed on artificial platesimmersedin the seat

D430／D665　showed almost no variation during the first

Year afterimmersion butincreased significantlY at

Depths A and Bin the period from13　t037　months after

immersion（Fig．11and Table　9）．　On the other hand．

there was a significant decrease at Depth Din the period

from13　to　37　months afterimmersion（Tabie　9）．

Spearman－s rank correlation coefficients of D430／D665

Values of　37monthsl samples on the gradient of depth

Showed a significant decrease with depth（Fig．15）．　The

D430／D665vaiues of37monthsI Depth A sample
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COrreSPOnded to those of01der plankton communities of

Margalef（1968）．Furthermore．the values of D430／D665

during the first year afterimmersionin this study aiso

COrreSPOnded to those of Niell（1979）and Yamagami

（personal COmmunlcation）or of younger plankton

COmmunities of・Margalef（1968）．

＝t can be considered that communitiesinvestigated

bY Niell（1979），Yamagami（personal COmmunication）and

Fisher et al．（1982）are staYing at animmature state of

COmmunitY development，because the pigment diversitY

Showed constantlYlow values through communitY

development．　Though these communities staYedin such an

immature state，thisimmature stateis considered to be

an upperlimit of communitY development reachedin those

environments．　Thislimit of community developmentin

intertidal zones or streamsis thought to be brought bY

frequent or occasional phYSical disturbances such as

COntinued wave－aCtions′　regular desiccation bY the tide

and occasional strong wave－aCtions bY tYPhoonin the

former environment and continued flows of water and

OCCaSional dryness or fl00dsin thelatter environment．

Those environments are severer in water movement or

desiccation than the underwater environmentin which this

StudY WaS Carried out．　Such severe environmentai factors

WOuld have determined the upperlimit of D430／D665　0r

D480／D666valuesin the community development of sessile
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Organismsinintertidal rockY Shores or streams・

Howeverr the pigment diversity observedin older plankton

COmmunities of Margalef（1968）as well as Depth A and B

COmmunities of this study exceeded this upperiimitin a

mature state of communitY developmentr when there was no

recognizable effective disturbance．

10．Relation of communit metab01ism to tem erature

Metab01ic rates of poikilothermal sessile organisms

StrOnglY depend on temperature．　Beyers（1962）Compared

the respiration rate on temperature of a stabilized

fresh－WateriaboratorY microcosm，Which was taken from a

river and then had been cultured over a Year PreVious to

experimentsI With that of a single organism Daphnia and

that of a sewage community．BeYerS（1962）indicated that

the respiration rate of Daphniais more dependent on

temperature than that of the sewage community′　that the

latteris more dependent on temperature than the

nighttime respiration rate of the stabilized microcosm，

and that the nighttime respiration rate of the stabilized

microcosmis practicallYindependent of temperature・

Furthermore，BeYerS（1962）suggested that the estimated

gross primarY PrOduction of the stabilized microcosmis

not certainlY Stimulated bY theincrease of temperature．

From the results of BeYerS（1962）．Odum（1971）suggested
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that various optimum responses to a changein the

temperature among manY SPeCies constituting communitY

WOuld make the accomplishment of recIPrOCal adjustment

and acclimation to a changein the temperature possible

SO aS tO enable the wh01e of stabilized communitY tO

COmPenSate for a changein the temperature．

The relations of Pg and R with temperaturein the

PreSent COmmunities of sessile organisms both showed a

SignificantlY POSitivelinear regressionin common

logarithmin almost all of samples examined（TableslO

andll）．　The regression coefficients of Pg and Rin the

SamPles of series　3　did not show a significant difference

between the YOung and　01d samples●　Thisindicates that

Pg and Rin the present communities which reached a

mature stage of communitY development do not become

independent of temperature．

On the other hand．the regression coefficients of Pg

and R with temperature became closer each otherin old

Samples（Fig．12b）．　This mutuai approach of these two

regression coefficients suggests that theY are aPt tO

become equal each otherin thelater stage of communitY

development・　Subtracting the regression equation of R

from that of Pg produces alinear＝regreSSionin common

logarithm of pg：R on temperature．The mutuai approach of

the two regression coefficients of Pg and Rin the

PreSent mature communitYindicates that the regression
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COefficient of Pg：R whichis represented as ap－aR

becomes cioser to zero（Figs．12　and13）．This suggests

that the Pg：Rin mature communitY becomesindependent of

temperature and that the acquirement and exhaustion of

energy of mature community come to have a balance to the

SurrOunding changes of water temperature occurring

through one Year．　This balance between Pg and R maY be

regarded as one homeostatic communitY attribute of mature

COmmunitYl though there are no seasonal data for the

relation of Pg：R with temperaturein mature communitY・
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CONCLUS工ON

The communitY attributesti．e．t species compositionl

COmmunitY StruCture′　COmmunity metabolism，COmmunitY

biomass and community maturity showed a gradual progress

through communitY development at the upper two depths

Where there was no recognizable effective physical or

biologiCal disturbanceT While theY Showed someirregular

PrOgreSSindicating a return from a mature to animmature

State Of communitY developmentin the period from13　to

37　months afterimmersion at thelower two depths where

there was probabiY effective disturbance such as sand

SCOuring from the bottom．

The changes of communitY attributes observedin this

Study arein most cases explicable bY the hYPOthesis on

SuCCeSSion suggested bY王4argalef（1968）and Odum、（1969）′

With some exceptions．A more heterotrophic state

SuggeSted bY Pg／R valuesin a mature state of communitY

deveiopment at the upper two depthsis not explicable by

the hYPOthesis of Odum（1969）that Pg／R vaiue approaches

I with the progress of successionr becomingl at a mature

Stater but explicable by the hypothesis of Margalef

（1968）that thereis a caseindicating Pg／R valueless

thanlin mature state vhen a part of energY neCeSSarY

for maintaining a sYStem Can be obtained from the

SurrOunding・　Besides，Odum（1969）suggested that the
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evenness（J’）On community structure becomes high with

the progress of successiont butit becomeslow when the

deveiopment of a communitYis disturbed bY SOme factors・

＝n this study，however，旦一　was maintained high even when

a community becomesimmature bY SOme disturbance′　aS Seen

at thelowest depthin the period from13　t0　37　months

after　土mmers土on．
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SUH班ARY

1．

2．

3．

4．

Succession of sessile organisms over ca．3　YearS On

COnCrete Plates suspended at the depths ofl・Ot　2・5r　4・O

and　5．5　min Nabeta Bay，Shimoda，Pacific coast ofJapan．

WaSinvestigated from the changes of percent cover，

COmmunitY StruCture，COmmunity metab01ism．CommunitY

biomass and community maturitY for the purpose of testing

the hYPOthesis on succession suggested bY王4argalef（1968）

and Odum（1969）and clarifYing the general

Characteristicsin the community development of sessile

Organisms．

A total of　45　species of sessile organisms（17　algal

and　28invertebrate species）appeared during

C010nization．

The transition of algae began with the recruitment

Of green algae辿竺pertuSa and Codium adhaerens

endedin the domination of the keip Eisen土a

′　and

the upper two depths andin a mixture of earlY（里．

pertusa and C．

amanSll

adhaerens），middle（red alga Gel土d土um

）andlate（里．bicyclis）C010nizers at thelower

two depths．

The transition of sessileinvertebrates began with

the recruitment of barnaclesl eSPeCially of Balanus

trigonust f011owed bY the recruitment of colonial animais

having a great effect on communitY StruCture through
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0VergrOVth，and endedin the domination of the oYSter

Crassostrea

5．

6．

nippona at the upper two depths andin the

domination of B．trigonus，an aSCidian Diplosoma

m土tsukurii and bryozoans watersipora

Amathia distans at the lower two

Subovoidea and

depths．

The process of succession was dividedinto three

StageS and four sub－StageS bY dendrogram analYSis・

Communities at the three upper depths shifted

SuCCeSSivelY from Stagel to Stages　2　and　3　with timer

While communitY at thelowest depth shifted from Stagel

to Stage　2without advancing to Stage　3t staying at Stage

2　throughout the period from　4　t0　37　months after

immersion・　BY dividing each of Stages　2　and　3into two

Sub－StageS，Stagel and four sub－StageS Were

Characterized bY high－ranking sessiie organisms as shown

in Tables　4　and　5．

As to c0lonization curve．the number of species at

each depth became horizontal after reaching a maximum at

6months afterimmersionl andits mean values atlO and

13months afterimmersion closely resembled each other・

This stabilizationin the number of species suggests that

in this study one yearis a sufficient period for the

equilibrium number of species．　And the stable

equilibrium number which continued through the period

from13　t0　37　months afterimmersion was maintained by

the replacement of severai species・
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7．

8．

The changes of the five parameters on community

StruCture，i．e．，the number of species（S），Shannon－

Weaver diversitYindex（旦一）′information theorY eVenneSS

index（旦一），McNaughton－s dominanceindex（MD＝）and HornTs

Similarityindex（HS工）′　Wereinvestigated throughout

COmmunitY development．　Communities at the upper two

depthsindicated the stability of community structure

under the maintenance of high S，旦一　andJ’valuesin the

Period from13　to　37　months afterimmersion．While those

at thelower two depthsindicated the simplification of

COmmunitY StruCture aCCOmPanied with the decrease of S

and H’in the same period．At＿thelowest depth，旦T

Showed anincreasein this period′　due to the high

SimilaritY Of coverage among the species having high

COVerage．　Besides′　HS＝　at　37　months afterimmersion

Showedlow values at the upper three depthsr while a high

Value at thelowest depth．　This high similarity among

the samples at thelowest depth was due to the strong

domination bY few species．

As to the end point of community development，at the

upper two depths where there was no recognizabie

effective phYSical or bi010giCal disturbancer communities

Of sessile organisms were considered to come to converge

On a PerSistentt Stable assemblage of oYSterS and kelps

because of their superior competitive abilities through

biologicalinteractions ofinterspecific competition for
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10．

11．

SPaCe Orlight．

The pattern of change of gross primary production of

COmmunitY（Pg）during communitY deveiopment showed a

decrease after reaching a maximum′　and that of communitY

respiration（R）Showed stabilization after reaching a

maximum．Estimated energY budgetin a daY（Pg／R）finallY

indicated a more heterotrophic state（Pg／Rless thanl）

at the upper two depths than at thelower tw0　0neS．

The six parameters on communitY biomass．i．e．，drY

mass（DM），aSh drY maSS（ADM），aSh－free drY maSS（AFDH），

Organic carbon（C），Organic nitrogen（N）and chlorophYll

皇（Chl．皇），increased with succession at the upper two

depths except for Chl・旦Showing the pattern of change

Similar to pg，While those at thelower two depths

increasedin the first year afterimmersion and then

decreased unti137　months after immersion．

The changes of the fourindices evaluating the

degree of communitY maturitYli．e●′　the ratios of gross

PrimarY PrOduction／organic carbon（Pg／C），grOSS PrimarY

production／chlorophYll旦（Pg／Chl．旦），Organic

Carbon／organic nitrogen（C／N）and pigment diversitY

（D430／D665）．Wereinvestigated throughout community

development．　pg／C showed a significant decrease at the

upper two depths with succession，but was almost constant

at thelower two depths throughoutit．Pg／Chl．旦and C／N

Changed from high toiow values with succession．　C／N
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12．

13．

Showed a slgnificantincrease at thelowest depthin the

period from13　t0　37months afterimmersion．D430／D665

Showed almost no variation during the first Year after

immersionl and thentin the period from13　t0　37months

afterimmersion，itincreased significantly at the upper

two depths but decreased significantlY at thelowest

depth●　The values of these fourindicesin37monthsT

SamPles showea a significant change on the gradient of

depth．　This gradient of vaiuesindicated attainment to a

mature state of the upper two depthsI communities and a

return to animmature state of thelower two depthsT

COmmunities．

Relation of community metab01ism to temperature was

investigated throughout communitY deveiopment・　エn mature

COmmunities，Pg and R were notindependent of temperature

at anY depthsl but the ratio Pg：R tended to become

independent of temperature at the upper three depths・

The changes of communitY attributes observedin this

StudY arein most cases expiicable bY the hYPOthesis on

SuCCeSSion suggested bY Margalef（1968）and Odum

（1969），With some exceptions．
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Tablel・　Date of start ofimmersion′　SamPling timelimmersion period′　mean

Surface water temperature during sampling timel Water temPerature at

measurement of metab01ic rates and mean daYlength atits measurement・

Platesin seriesI wereimmersed at the four depths ofl．0，2．5，4．O and　5．5

m．　Platesin series　2　Wereimmersed at the same four depths for

investigating the relation of gross primary production of community t01ight

intensitY．　Platesin series　3　wereimmersed only at the depth of　2．5　m for

investigating the metab01ism－temPerature relationships of the communitY・

Series Date of

Start Of

immerSi On

Sampl土ng
time

工mmersion Mean

period

（months）

Surface

Water

temp．

（Oc）

Water

temp．
at

meaSure－

ment

（Oc）

Mean

day

length
at

meaSure－

ment

（hours）

1　　July′　9

1974

2　　　Aug．8′

1975

3　　　Au9．8′

1975

Au9．9．
1978

Aug．23－Sept．2，
1974

Nov．8－17′

1974

Jan．10－18．

1975

Hay1－13．
1975

Au9．9－15，
1975

Sept．6－23′

1976

Au9．7－18′

1977

Au9．23－Sept．24．
1977

Aug．10－Sept．15′

1978

Sept．23－Oct．30，
1978

2　　　　　　　24．2

4　　　　　　18．4

6　　　　　　14．5

10　　　　　　18．1

13　　　　　　　24．5

26　　　　　　　24．5

37　　　　　　　24．5

25　　　　　　　24．5

－26

24　　　　　　13．0

20★　　　　　10．5

14　　　　　　10．1

18★　　　　　13．8

24★　　　　　13．6

24★　　　　　12．4

24★　　　　　13．6

24　　　　　　12．6

37　　　　　　　24．5　　　　　　★　　　　　　　12．9

－38

2　　　　　　　24．4　　　　　　★　　　　　　　11．5

－3　　　　　　　－21．0

＊used for measuring・metab01ism－temPerature relationships at different

temperatures from12　to　240C．
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Table　4・　Developmental stages derived from the dendrogram analYSis

Shownin Fig・5・　One stage and four sub－StageS are Characterized by

the species of sessileinvertebrates which occupied the top to third

rankin mean percent coverin the central area of plates at each

immersion period and depth．　The degree of dominationis ranked bY the

average of the two ranks of mean percent cover and frequencY Of

appearance．　Numerator：number of samplesin which species were

Observed．　Denominator：tOtal number of sampies．

Stage or Dominant or

Sub－Stage Subdominant
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domination
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Table　5・　Developmental stages derived from the dendrogram analYSis

Shownin Fig・5・　One stage and four sub－StageS are Characterized by

the algal species which occupied the top to third rankin mean percent

COVerin the central area of plates at eachimmersion period and

depth．　The degree of dominationis ranked by the average of the two

ranks of mean percent cover and frequency of appearance・　＋：less than

O．1％．　Numerator：number of samplesin which algal species were

Observed．　Denominator：tOtal number of samples．

Stage or Dominant or I4ean

Sub－Stage Subdominant percent
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Appearance

freq■uenCy

Rank of

dom土nation
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Table　6．　Spearman－s rank correlation coefficients showing the

tendency of changesin the five parameters of community structure（S，

旦一．旦’′　MD＝and HS＝）in the central area（16　cm x16cm）of plates．

Sample size（number of plates examined）is shownin parentheses．＊＊：

highly significant（呈く0．01）；★：Significant（空く0．05）；nS：nOt

Significant（呈〉0．05）．　See thelegend of Fig．7　for explanation of

parameters．

＝mmersion period（months）
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Table　7・　Spearmanls rank correlation coefficients showing the tendency

Of changesin the three parameters of communitY metabolism（Pg，R and

Pg／R）in the whole area（20cm x20cm）of plates．Sample size（number

Of plates examined）is shownin parentheses．　＊＊：highlY Significant

（里＜0・01）；★：Significant（呈く0．05）；nS：nOt Significant（王〉0．05）．See the

legend of Fig・8　for explanation of parameters・

Parameter Depth ＝mmersion period（months）

13－37

Pg

Pg／R
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Table　8．　Spearman－s rank correlation coefficients showing the

tendency of changesin the six parameters of communitY biomass

（DM′　ADM．AFDM．C，N and Chl．旦）in the wh01e area（20　cm x20

cm）of plates．　sample size（number of plates examined）is shown

in parentheses・　＊＊：highly significant（旦く0．01）；★‥　Significant

（里く0・05）；nS：nOt Significant（旦〉0．05）．See thelegend of Fig・

10　for explanation of parameters．

parameter Depth ＝mmersion period（months）

2－13　　　　　　　　　　　　13－37
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Table　9・　Spearmanls rank correlation coefficients showing the

tendency of changesin the fourindices showing the degree of

COmmunitY maturity（Pg／C，Pg／Chl．主，C／N and D430／D665）．

Sample size（number of plates examined）is shovnin

Parentheses・＊＊：highlY Significant（三く0．01）；★significant

（旦く0・05）；nS：nOt Significant（里〉0．05）．See thelegend of Fig．

11for explanation ofindices．

工ndex ＝mmersion period（months）
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TablelO・　Regression coefficients of gross primary production of

COmmunitY（Pg）and community respiration（R）in commonlogarithm on

temperature for several samplesimmersedin1974・　★★：highly significant

（里く0・01）；★：Significant（里く0．05）；nS：nOt Significant（旦〉0・05）・

1mmersion Depth

period　　　　（m）

（months）

Regression
COefficient

Significance
level

Regression

COefficient

Significance
level

4　　　　　　　1．0　　　　　　0．023

4．0　　　　　　0．023
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4．0　　　　　　0．046
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0．024
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Tablell・　Regression coefficients of gross primarY

PrOduction of communitY（Pg），COmmunitY reSPiration（R）and

the ratio of Pg to Rin commonlogarithm（log Pg：R）on

temperature for　2　to　3　monthsI samplesimmersedin1978　and

37　to　38　months■　onesimmersedin1975．　SD：Standard

deviation・★★：highly significant（旦く0．01）；★ニ　Significant

（旦く0・05）；nS：nOt Significant（旦〉0．05）．

工mmersion

period

（montbs）

Regression coefficient

pg R lo9　P9：R

2－3
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0．0455　★★
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Fi9．3． Flowchart showing the procedure of

Observations and measurements．
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Fi9．7． Changesin the five parameters of community

StruCture（S，里．，旦I，MD＝and HS＝）in the

Central areas（16　cm x16　cm）of plates during

COmmunity deveiopment at four depths．　Curves

Show the change of average of each parameter．

Small solid circle represents a measurement for

anindividual plate，andlarge s01id circle

represents tw0　0r three samples having the same

Values．　Numbers near them indicate number of

SamPles．　S：number of species；旦一：Shannon－

Weaver diversitYindex；旦t：information theorY

evennessindex；MD＝：McNaughtonTs dominance

index；and HS＝：Hornls simiiarityindex・　See

text for detailed explanation of the parameters．
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Fig・1O・　ChallgeSill Lhe Six parameters of communitY

biomasfl（DM．∧DM．AFDM．C，N and Chl．9＿）in the

Whole drC。S（2O cHl X　20　cm）of plates dLlring

COInHlLIlliLy developmenヒ　aヒ　four depths．　Curves

ShOW Lhe chdI－gC Of average of each parEt－neter・

Sln～11l solid circle represenヒs a measurement for

anilldividual plaヒe．andlarge solid circle

represenヒS two or three SaInPles having the same

Values．　Numbers near them indicate number of

Sa川Ples．1）M：dry mass；ADM：aSh dry mass；AFl〕M：

aslトfrce dry，nIISS；C：Organic carbon；N‥　Organic

lliL】：0リCll；atld Chl・旦：ChlorophYll旦・
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