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I11tl－elight of tlle preSent Siとtはtion thatl）1acelれe】1t Ofal・tificialfish・reefs王1aSbeen  

Stl・onglyl）rOmO仁edin oI・der to developinshol・e fisIlel・ies，We began 仁O StLldy 抽l■ee  

I11tlltトcon叩OnentarLificialfi油・reefsin Kata Bay，Pacific coast of Cenけ；11Jal）an，aS a  

modelof artificialfish・reefs，tO Clarifyfunctionandeffect of thenl．Asafundamental  

Study，in this articIe we made a generaldescription of the studY fish－reefs fiま■St，then  

dea】t witllenCl■tlSting organisnlS a11d fisllCO王ⅥlⅥも111ities．  

T王1e Sttldさ′fish嶋l■eefs wel・e buil亡in23十∋う王11（王el）th，fronl1973t（）1976，al】mOStat仁‡1e  

middle betweezltWO Seトnets situated close to each other． Main aim of placement of  

拍e fisト王’eefsis to atti－act fish fol・tlle Seトnets．1、hree‡11ulti－COll叩O11ellt a王・tificialfisll一  

】■eefs al－e eac壬1COnStl■ucte（lof78うIn30f（lし1arI・y roclくS，124concre仁e silel亡ers，an（12う9  

Llnits of tier shelters．1、lle tier fish蠣Ⅰ・eefis acco叫）anie（1bさr SO王ne five woo（len shii）S．   

‡うiologicalstlrVe〉′S Wel・e carrie（lo11t Six tilmeS f】・onl1977，eleven1110Ⅰ川1S after  

COmI〕1etion of tile f抽1・reefs，tOi980，〔11rOtlglld汗ect observatio】1S by tlSing SC∽きA．  

Besides automatic under・Water CameraSaCt主ng byintervai－tilnCr and under－W；lter TV  

Wi仁hl・en－Ote・COntl・01wel・e occasionalIy しISed to w…ltCl－ COme－al－d－gO Of fisl－ On t圭一e  

fis‡1・reefs．  

Communities of encl’uSting organismsarereferable to afeathe王・〔luster wol・ms・mOSS  

anin－als com王）1ex．Most（lonliJlant SI）eCies are勒励混血い膵粕脚兢and C〟わピタ■ど〟／〟紘  

Florais very scarceasitis too（leep▲ Thoughl・cstI・icted to the rnostsl－allow，quarry  

】’ock fislユーreef，Onlyabl■ow王－a短a，ガc抽ナナノダo♪∫ダ∫ク■α〟Jぐ〃毎1－aS beenfound fiourisl－ing．  

81fish speciesl・el）reSenti咽41families and64genel・a weI・e Obsel・Vedin a】1．Most  

fre（1tlentiy seen andin叩0Ⅰ’tallt COmnlerCialfish；11・e sal・dine，ぶβγdわ‡〃♪ざ〃‡だ／α7J〃ざ／′ど拍，  

ancIlOVy，∬札どr“f／～ぶ．桓恒W汀椚，beackI）erCll，功痛都怖摘那ノ領雨血≠紆m址巨地相か闇一  

朽地肌αわ■摘血矧毎払an（ljaclく】11aClくel・妨プⅥ雨冊肌＝擁朝雨椚．FisllObsel・ve（lon tlle  

fish・reefs were classifiedon the basis ofmodeoflifeand relationshipto the fish・reef  

into three categol・ies under the names of visitor，tranSient andI・eSident．Some  

discussions on tl－e re】ations坤）S be紬een fislleSl）elo咽1帽tOl・eS王）eCtiveca【egoriesa11（王  

ti－e fisト1・eef wereIユーadeand ende（lwitl－aCOnClしISiol－tl－atモー－e王－eigh仁Of the a】・tificial  

侮1－・reefisoneoftl－eilⅥpOr仁；l王－t factors yeildi噂Sufficientlteef－effects．   

Keyword＄‥al・ificialfis圭一・Seef，fis｝－COmmun毒ty  

＊Fisl－el■ies，Co－れ】－－eree＆Il－dus亡1・ySec臼on，OwaseCity   
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Fishermen havc known forcentul・ies that co11CCntrations of fishes are usua11y found  

aroulld notoniyoffshore banksandroclくyl・eeFs bしItalsosしInkenol）jectslikeawreckcd  

ship、Placellle11tOrartificialfisll・reefslVaSadopte（1asaユー01〕jectof tlle State sul）Sidy  

in alinlくOf theinshore fishericsgroundimprovement schemein1954andit hasevery  

since becn promotcdl）y theState andlocalselトgoverning bodies・In thclast dccadc  

thisschcme hasactively beencarricd out，and by this time numl〕erS Of，and various  

scales or，artificialfish・rCefs have been placedin almost allof the coastalwatcrs  

aroLl11d otl】一COtl11try．   

Since1976，WellaVe StしIdie（lfuIICtion all（leffect of artificialfisl…eefsin tlleSea  

ofIくしl】11a110．T】le tllreelて1ultトcolⅥPO11e11t artificialfis王一一reefs（1ealt withilere Were  

placedin Kata Bay frorn1973toi976，between twoseト11etSlocatedclosetoeachother・  

Tlle111aillaim of place‡11ent Of tlleSe risll・reefsis to attract fisl－for tlle Seトnets・   

We havegrappIcd withstudiesof these fishLreefs from two directions・Oncisof  

thcとIrtificialfisll・reefs thelllSClvesincludil？g biotic conl】mlnitics developed on or around  

tIlenl．TIle Ot】1eris a11eStil†1atio110f reef・effects，foI－the seト11etSinquestion，tilrOugh  

analytlCalrcscarch of fish catchcs．In this article，generaldescriptions of the study  

fisil・reefsarell1ade first，alld t王1e11，enCruSti咽Orga11isnlSdevelopedo－‥l－e Surface of  

tllC fish・reefs and．fish communities obscl・Ved aroLlnd them are dealt with，Which arc  

matters referred to the former．  

Scale of SurYeyS and Metl10ds   

I】一Order toclarify shapesof the study fish・rCCfs and the arrangementof themin  

the water the first survey was madein October1976，just after piacement of thcm  

was fi夏1islled．8iologicalsurveys、Ve王・el〕egul－il－SepteIⅥl〕er1977，eleveI－1－ユOnths after  

t】1e Placelllent，aIl（llVere Sul）Seque夏－tly carI－ied outin Octcl〕er1977，illMay，Octcber  

alld December1978，illAtl糾St1979，andinJL11y1980．Two Gl■ t】1ree days were set  

fol・eaC】1SurVey．Divi帽01）SerVationsl）y tlSilてg SCUiうノ1、Vere n二aこ】e atieast－mCre tl－an  

oncc at evcry fisll－reCfin cach survey・Thc divl閥time that we couまd spe一一d for  

acttlalol〕Sei・VatioI1011tlle Sea】）OttOlll，WaS15－30111i‡1t豆es．ⅠIla（l（lition to tlle rOしIti11e Of  

direct observations，autOIT】atic tlnder・Water Can餞raS aCtilてg Witl－il－terVal－timel■ anri  

under－WaterTV with remote・COntrOIwerc LISed occasionally to ol）SerVe behavicrof fish  

On the fish－reefs and to watch their・COme・anかgo．  

Gcncl・札1dcscription of artificialfisll・reefs  

Tlll・ee artificialFisll・reefs studiedllere al■e eaC壬1COl¶pOSed of different‡くi11ds of  

111aterials，C．g．quarry rOCks，COnCrete Sheltcrs and discarded tier sheiters・They arc  

placed farl〕aClくi11‡くata Bay at al〕Out tllellliddlel）etWeen t、＼′O Seトnetslocated ciose  

to each othcr，and arranged almost straight toward the offi帽；the qual・l－y rCClくfish・rCCf  

is pはced at2う111iIldeptll；tlle COIICrete S王1eltel－ fish－reef at a distance of abotlt 7う111   
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Fig．1．Locaiity nlaI〕Of Kata王∋ay，SIlOWing ti】elocaとio110f tlle血・ee al・tificialfisll－1・eefs．  

Abbl－eViaむions：Ⅰモ，（Itla汀y rOC重くfish－】・eef；C，COnCI・eteぎis】1－】・eef；′】、，tier fish－l・eef．   



34  Kt＝1illi板）㍑AWA ald Kaztlilal・しIKIJlもlドtヌ，Jl  

f王・0111仁ile f創■夏11er，aと26王11（Ie王）沌；tjle tjef‘Slle如1－fis王1・1・eef aboしItユ5伽1aI）arとagaⅢ fま・Onl  

thelast，3うm depth，（Fig．i）．Tho咽h only al）art Of thc quarry rock Fish・reCf touchcs  

t王1e e（lge of tlle11attlraIl－OClくy reeriiltlle Water WlliclleXtelュds fro汀Ia】‘ockllead，0‡）Ore  

island，theother arcassurl‘Oun（li王1g these fish・reefsare asmoothsandy bottom gradually  

deepell川g OffsllOre．  

SedimeIltS  

Grain size analyscs of bottom se（1imentis ma（1c on corc samples gathered from  

】1earl）y fisll－reefsl〕y uSl咽a CaIlllうm111lol哨Wまtlla dialⅥeter OflOOnlm．  

T】1e reSLllts are st1111111el・ize（1i】1Fig．2a11（1Tal）1el．  

Temperilture   

Watcr ternperaturc around the fish・reCfs rangcs fromi40cin winter to 23OCin  

凱IITlnler at tllel〕OttOIm alld fronl140C to270C tlle Sし11・facein an ordi】1ary yeaI・．  
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Fig．2，Cしim止血汗代Cしil・Ve Ofg上・aiJISほeini）きIiof！：0けOrれSe（王iille王1［s a！・Ot】n（王と！le軌・ee  

al、t妄ficialfisト1・eefsinlくatalう芸iy．  

A力bl▲ev；ations：lく，（1ual・ry rOC】く risll－reef；C，COnCl・ete fi扇1・1・eef；′1、，tieI・fisll・l・eef．   
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Tablel．0もitiミ11e Of graミ11Size colⅥPOSition of botto111剖豆汗m恩1tS arOtlnd  

tile al－tificialfish・r（ヨefsin Kata‡きay，  

3う  

M（王（nl111） So S】く  K〔i  I）aま◆tition of s‡1nd at M（l  

0∴8  very coarse sand－COarSe Sa11（1  

0．06  coarse sa！1（1  

0．1う  coal▲Se Sand  

Quarry roclく告sll－l・eef  l．00  1．70 i．06  

Concl・ete fisll一Ⅰ・eef  O．71  1．77  0．9う  

Tjer fisll一‡・eef  O．64  1．30  0．78  

Whel・c So（Coefficient of鋸）l■ting），SK（Cocfficicnt  of slくeWlleSS）aIIClI（（l（Coefficient  

Oflくし1】・SOSis）al・e Obtaille〔li11紬1lowing e〔lua仁ions：  

／ 
8  重く（王＝ 

Soニ、Ⅵ駄 siく＝＼ 去∧h駄÷掌まて㌻）  

P川，Ql，M（i，Q‡婁，Pり。al・e（li；1nleteI・atiO％，25％，50％，7う％；ln（190％Ⅰ・eSま）eCtively  

in cけ汀江11a＝ve‡）e】‘Centage．  

Quilrrlr rOCk fist卜reef  

tllis fisll－i・eef wasllつade or78う1Ⅵ3 0f 釘・a】1itei110ctol）er1976．I11dividualroc】くS  

Welgilaboし1t a t（肌 Tlle fisll－reef collSists of two‡1i1loc重くS SitしIate（1at a dist之＝1Ce Of  

7～8m；both the hillocl（S are about3】Tlin height from thel〕OttOm tO thc highest point・  

Sllal）e Of t呈1e fisiγreefis si10W11by a flcorl〕1allan（la EeCtioralo11e alolてg tl－e110r＝1・  

SOしIthli11e aCrOSS tlle pealくOr eaClllli肋clくin】Tig．う・  

Fig．3． An Otltline肌叩Of tlle Stu（1〉7（1tlal・rさ′1●oClくri三il－Ⅰ■eefinIくata鮎y．  

a．floori）lans of twoll川oclくSin sitし】，，b．sectionall）】；1nS Of s；l夏11e  

i王1nO】■tll・SOtlthline acI・OSSl▲eSiコeCtiveIブealくS．  

Concrettさ Slleltcr fislトrCCf   

Tllis fis】1－】・eef＼VaS COlて〇trし！Cted of124 co】てCrete S王1eltel・Si11Marcll‡97う；a u11it   
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concl・ete Sllelteris ctlb witlla Si（le ofI．2】1ュa11d ca．1．5to11SiIIWeigllt，（Fig．の．′mle  

concretesheltersareheaped upformlngahillockexccptsomeshcltcrsdispcrsednearby；  
the hilloclくrisestoa helghtofsomcうm・Shapeof the fish・rCefisillustratedl）y a floor  

planan〔1a sectio】－aユ0－－e alol－g＝－e－－0州－・SOしIt王－1il－e aCrOSS tl－e Pea‡くi】－Fig・う・  

Fig．4． A sketcllOf aconcrete slleltel∴It weiが1S Ca．l．うtons・  

10m  

F；g．5．An Ou紺neIⅥ‡1l）Of‖1e Shldy coIICl・ete S】1elter fisil－reefin Katalうay・  

a．a floorl）1a110f tlle fish－reef，a few s】1eItel－S d廟）el－Sed welte neglecte（1・  

l）．a SeCtionall）lan of sanlein nol・t】1－SOut壬11i11e aCrO3S tlleI〕eaIく．   

Tier sheltcr fish－reef  

Tllis f主sト1■e（≡flVaS CO王1StrtlCted of a totaloj’2う9し1nits of tier sllelters frolllDecellll〕er  

膵73tllrOt喝1－ NoveI－痛er1975，al－dl〕eSides soi－－e five woode王－ Sl－叩SIO～20miIllenきざtl－  

wllic王1Were Weig】1ted wit】1quarry rQClくS Wel■e a（1（1ed（ltlriIlg1974＋膵76，（Tal）le2）・1、wo   
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types of unit sheltcl■S rrB－tyPe and LT－tyPe，are uSedin this fish・rCef；the namcs of  

types，TB and LT，are rerCrrCd to as tl・aclくOr bus andiittle track respectively．A urlit  

Shelteris constructed by connecting threel・OWS Of tiers asilltlStratedin Fig．6；CaCh  

row oftierswllicllCOnSists of5tiersin TB－ty王〕e an（18tiel■Sin LT－type arel〕Oulld with  

CelllentI）Ot11・ediIltO t】1e uIlderside al）OutO】1e t】1ird of tllein王1er SpaCe．0】1eしI11it s王Ielter  

isi．7tonsin we噌ht with a volし1rne Of3．4m3 an（11．4tons with 2．6m8in TB－tyPe  

a11（lLT・tyPe reSI）eCtively．  

Tllis ticr fisll・reCf consists of a main hiuock and a few gl・OuPS Of しInit shelters  

dispersed around the former whichis about4min helght at tlle highest point andis  

accoIl叩a】1iedl〕y a WOOdeIIS坤）at tlle edge．A floor plan of tlle‡major pal■ts Of t】1e  

risil・reefis sllOWlli11Fiきざ．7．  

Table2．TIlel）l・oCeSS Of consとrしICtjon of tlle three artificialfisll－reefs  

Sttl（】ied here andIllaterialsi11Ka［a‡き；ly．  

100units of TIま－tyl）e tjei－Slleltel■S  

う8tlnits of TB－type＆2うunits of LT・tyi）e tie】・  

Slleltel・S，SOnle five wooden slliI）S OflO－20min  

lengtiladded d恒ri11g1974－i976．  

124concl・ete S】1e】ters（1．2×1．2×1．2111）  

76日lits of TB・t〉r】）e tier sllelぬ●S  

78う王11a Of grarlite  

1973  Dec． tiel・ris】1－reef  

1974  0ct． tier fis主1・reef  

197う  Mal∴  COnCrete fis】1・1・eef  

Nov． tier fish－reef  

1976  0ct．（1ual－】●y rOCi（fisil－1■eef  

」丁－†ype  TB－†ype  

Fig，6．S】くetCIIS Of two tさ′i〕eS Of tlnitとiel－Sllelters．TB・ty】）e SIlelter weig‡lS Ca．1．7toIIS，  

Ⅰ】．T－tyl〕e Sllelter welgIIS C礼1．4to王1S．   
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O  
Fig．7，An outlineIⅥal）Of the study tier fish－l－eefin Kata王うay，a fe、V tier sllelters之Ind  

otller Sun】くen Slll】）Sく1isj）erSed al・oun（】抽eぎe tWO nlaJOrl－i11∝ks weI－e】－eglected．  

Encrusting OrganislllS  

Exa】¶illation of tlle ePifaし王1てa ar（lflo王一a cOVer膵g tわe sし汀raCe Of tIle 二∬幻1・reefslVaS  

ma（1c on samples cく）11ectcdin September t977．Up to that time，eleve11mOnths had  

passedin tIle quarry rOClくS，2years a11d6IllO11tilSilltlle COnCrete Slleltel－S aIld froml  

year and10months to 3 years al二d9monthsi11the ticr shelters after placcmcnt of  

respective fish・reefs．TIle Stlrfaces of tlle quarl■y rCClくS a11d t！1e COnC】－ete sileltersIlad  

alreadyl〕ee11COVere（1allて10St CO1111）1etely by encrtlSti柑Orga】－isれ1ぎ，but t王1eylladllOt yeと  

dcveioped stまfficicntly on the t主er sheltericav汗g the surfaces ur？COVerd．Flora and  

e】〕i「atl11a fou！1d developed oIltjle fisll｛reefs are showIlillTaず〕ヱe3．BecatiSeitisso】ⅥelVha仁  

too deep for algal（1eveloplmellt，flora of tlle fisll－reefsis genel－ally very scarce．  

Occurrences of algaispcciesliste（lin Table3al・e reStricted principallyoniy to the most  

Silallo＼＼′，qtlarry rOClく fislナreef．O11tlle Otllerllanれ epifatlnais coITlpOSed or】Ⅵally  

Sl〕CCics rcpresenting variousinvertebrate groups．That，mOSt abundanthly spread over  

the surfaces of the fish－reefs werc tube－WOrmS（Polychaeta，Scdentaria）and moss  

ani】¶als（Bryozoa），eSPeCially feat】1er・dtlSter WOr払 子わdr〃∫dど∫プ～〟rてメどぷ・∫cα，a11d alくiild  

Of moss animals，Cabere‘llate，are the dominant spccies．The coIllmu11ity of cncrusting  

Organismson the fish・reefsisreferred to as feathcr・duster worms－mOSSanimalscomplex．   
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Table3．Flora and e！）ifaしI11a Of ‖1e tll】・ee al・tificialfisll－】‘eefsin Kat；l  

Bay（in Sel）t．1977）．  

39   

Pll）rlum  S王〕eCies  

Pllylま0（iocidae sl）．  

Nerei（Iae spp．  

ハ川川／り／－イ…ヾ 八一川〃∫∫J■J■しHこIil・車  

ダ7・山扉〟わ止扉肝ね（邦0Ilta郡）  

Phylur11  Sl）eCies  

〔Alg；ミe〕  

Cll】01・OllyCOl）ll再a  

（’りJJ川川JJ川川〃／り∫J川／1lこ1Ⅰ■＼丁し〉・  

PIlaeOl）主1yCO王）llyta  

劇痛わ沼旬如ね㌢徴荘川鋸（KjellnlaIl）  

RllOd（叩11〉rCOi）‡1亡a  

鉄瓶蛸り侮油壷山（La！】耶｝urOUけ）  

1J…■／i〃∫J－＝J－〃／汗ノJ／〔J／JJllこ11・＼・し・）・  

Co】一aⅢnaceae s】）i）．  

〔Ani111al＄〕  

Protogoa  

β〟g■g■毎り痛砺枠毎帥由（CusIllllan）  

〝川棚車Ⅵ鮎プ粕血相沼（L三Im之IrCiく）  

朋赤心佑玩〟川前抜汀棚（Pヱ11las）  

Porifel・a  

勤肌用 〃如祓わHozalVa  

m勅叫肋閥ね離山脚拍（Rk11ey＆Den（ly）  

7、β／〃／〟〟Jげ〟才J′ざα（Pヱ11las）  

Coelentel・ata  

ぶ〟7・C〃♪わJJ〃J～β／柑αプアぶMosel・  

仇帥か川ゆ嗣恒ぶか郡血加（Verl・Ⅲ）  

／J．  ／招／けハ■J・／■1くti】（し11‖1こしl  

封抑制明柏枕膵れ抽一彷加Ⅶt柏nonli  

ノ弛め，‘▲／g■射・か厄わ怖W流（Hedltlnd）  

ノ1紬鮎転用力加紬W肌（KOkentllal）  

撤膵流即前石抑偏購血油症（Wassilie打）  

Platy】1dm汗旧1eS  

ぶり，J〃CカJ′ぶ∫ノわ7′〟f YeI－i＆‡くabt汀alくi  

MolltlSCa  

。＼’rり亡／り／J■∫叶．  

1Jりノ川／）／けJ川メ／川／（ノバJ■山■‘・（■／川  

（‡くtll・Oda＆Hal）e）  

．り－J〃‘t／■〃－Ⅵ‘∵r・√リノJ、J川／－∵（lうhill＼・illビ）  

m関東の恒函Lamarciく  

／1ナごJJ／‘・J／（い・rり〃／川′ソJ／∫「〟ハ〃J・「〃ヾ  

（D＝1lくer）  

′rere（1inidae s！）．  

Anneli（la  

〟財制≠摘涙㍉晶沌〃“軌（LillIl量）  

Sylidae spl）．  

仇朝里蘭豆川需鋸肌（Mal・e11Zelier）  

魚用前払朗岬卵壷Ⅵ（Oel・Sted）  

ノ／．＼・心rり■r／－▼メノ川〃・－‘か川（；lltl＝し1・しlさ  

ぶ♪わⅥわ■椚ば甘椚㌧那☆椚扉の…（Pa11as）  

仇馴偏直ね′抑路諭削眈（BしISll）  

ぶ〟わ7J〟乙・玩〟亘棋力邪（Huxley）  

！ArtllrOj）0（la  

Ostracoda sl叩．  

Col）el）Oda si）i）．  

〟閥■αわ〟gの川∫ダー0ざ〟（Pi】sl）1・y）  

ノ山／J川／J∫／タイ＃りノ川Jl、）こIl・＼＼・ill  

〃．  ハ／汀J／／〃／J／．ヾ t：li11りIlli  

力血如か壷ん描か帥加椚紬旭Tliele111allIl  

／）…■J川／／J．・けrJ．∫I小り／ノ■川ⅠくicIlこII・（1丸川  

∴J■汀＝‖りイrJJ川rル川I∫J、しこ11111こIll  

Arゆ♪〃r／7ど／‡げ〟ム7■裾前Ⅵ狛血（S主1iillO）  

GaI¶lⅥal◆i（iea sl）l）．  

（’一項ハイ／／JJ、／川／－「′／り「リノりト1こl〉・ビ1・  

〃卯■拍Ⅵ机㍉如ね甘ね椚（Lin】1量）  

CalcintlS S甲．  

丑汀紺ム牒卵油柑（LinIlる）  

朗㈹抽用扉神川＝肌脚・′Jg（Atl（‡0し1iIl）  

Cαわビデど〟／〟／α1うし1Slく  

／J－・／川／‘J川／■川Jり■い．†（）1川Sh）11  

八用葉勅Ⅷ〟沼巨沼机粗鋸払（Hastings）  

／∴ヾ・‥ノ′＝■〟／‘ノ′■J〃〃＝‘・ヾ－ノりTlし・111i哩）  

〟αたαブイ〟ざJ（わ〟〃〟g〟β〟（D’0Ⅰ・l）igny）  

し’J／けりハ〃・J■〃／‖、J／√〃／／（〃／／Jいノいhさい  

（∴イ／一・／〉りJ▲J■ノ川／川川、ヾ／－∫∫／一川〃lhl・IllぐⅠ・  

．ヾ川ノ－／／／ノ川叩．  

Ec】1i110（1el－JⅥata  

加爾闇肌肌冊わ瓶抑 Yos】1iwara  

J〕J〟Jピ刑〃ぶだJosJ川7（Les重くe）  

7－榔坤郁那はり沼相加（LaIllaI・Ciく）  

仇南柏裾ゐみ細流朋 Selenlくa  

甲0仁OChor（lata  

〟げめ那㈲拍〃相川肌（Saviglly）  

封即血メ舶用拍（】Je飢Ietlr）  
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The woodcn ships added to the ticr shelters havc furnishcd wood－l〕Or＝1g Organisrns  

an（lsomclくinds ofl）01ychacts a11d crLIStaCeanS With suital）le habitats． Bcsides aggl・e－  

gations of shipworrn，teredinids specics（Mollusca，Pe】ecyol〕Oda），a11（王 wcod－boring  

Cl■しIStaCeallS，エわ′ユノ往けイαdJヱdブイど℃ぴ∫J，（Isopoda）andⅣゆ♪ocカビJ〟7・（‡わ7一紺巌皿毎（Ail叩hiI〕Oda），  

SOlme Ot二llerlくinds ofisopods，ga】Ⅵnlari（ls alld polycilaetS Ⅵ7ere fotln（王iIlal〕l111〔la11Ce Ofl  

the woodc11POrtions of the s柚）S．Thcse rich organisms on the shlP Shelters sccmed  

to comI）ellSate for tま1e SCal・CiけOf encrLiStingo将a11isillS（Ⅲt】1e tier seiとel■S，  

Dul－ir将 the succecding surveys，tho一喝h the specics composition of the commuity  

unaltercd noticeably，CllCruSti11g Organisms of thc fish－rCCfsi11CreaSed graduallyin  

amount，eSPCCially on the quarry rocks and the concrete shelters．Of a短ae，eSPeCia】1y  

a brown alga，Eckloni坤S；s radict）Sa，WaS Observed to haveincresased gl■eatly，bothill  

t王1eilMlll〕er a11d size，alt】1し喝lltlle distril〕utio】1WaS reStricted to o111y witili11tllelllOSt  

Shallow qし1arryl●OCIく ris王1－reef tlle Sa111e aSi11tlle fi】－Stl）iologicalstlrVey，Sel〕tellll）er  

1977．Soft corals（AIcyonacea）and hony corals（Gorgonacca）also grew gradLlally  

on the quarry rocks and the collCrete Shelters．Whercas encrusting organisms on the  

ticr shelters did not develop noticcablyleavlng yet u11COVered surfaces of tiers．Thc  

WOOden ships collapscd rapidly owlng mai】11y to the action of wood－borl閥0］－ganisms・  

T壬1el汗e spaIlOf woode‡1S王1ipsis very sllOrt，l）elr償う山6years at tile mOSt・  

Fish community  

A totalof81species，rCPrCSenting41families and64gcnera，Were reCOl‘ded dur＝1g  

our ol）SerVations（Table4）．Of81s‡）eCies，55 species，う9species and47species were  

Obscrved on the quarry rock fish・reef，thc concrete fish・reef and thc tier fish・reef  

respectively．Thoughit seemslikely that the number of spccies foしlIld around thc  

fis】1・reef decrease as tlle distance froIT】tIle COaSt a11d tIle deptllOf t王1e fisil・reefiIIC】・ease，  

hcrc we rescrvc space to exallline the distribtltion of respective spccics wit仙1thc  

fish・rCef area，aS the肌1ml）er and theintensity of obscrvatio11S WCrC nOt always even  

i11tIle reSpeCtiverisll・reefs．  

Fishes associatcd with the artificiaL fish・rCCf are classified variously by different  

wol・iくel・S（1くawanai9う9，OgalVa き968，Tllrま1ei－ど∠〟∠．i969，1くaiくiユ¶OtO】973，Salく∂i】97う），  

l〕tlt for convi11eaIICe We Classified tllelⅥinto tllree CategOries，adopting tile nallleS Of  

vis汗or，tTanSまent arlCITeSident．This tcrmi110logyis しISed gcnerallyin the study of  

thc fish community of corall’eerS．For the present purpose we define thrce categories  

of fislleS aS follows．  

Visitor  

Fishes of this catcgory are usLially pelagjc or active swimnlerS OCCtlPy川g mきd－Or  

upper・WatCr COlumn，Which have not a definite home rar唱e but mlgratel）rOadlyin  

foェ・nl‖1giargescllOOIsge】1e】－all）′．Tわeirrelationslli！）tO tlle fisIl・reefisratilerillCideIltal．  

They hal‘dly ever cling to a partictllar fisll・reef an（11cavc cIcswhere after a short period   
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F釦mHy  Species  Obscrveclplace Category ol fishh 

DtlSSumieri（1ae （rotl11d herrings）  

郎「（でよgg′0∫dピ∫grαど／∠～∫（Scillegel）  

Clupeidae （11erriIlgS a11d sardilleS）  

ふ肌拓呵鱒刑磁闘肌沈勇（TelllmillClく＆Sclllegel）  

E】1gratllidae （ancIlOVies）  

E′7g7・蝕損水車涼蝕（Hotlttu】1y）  

Plotosidae （sea ciltfishes）  

相加棚用閥誠‰・わ（Lacるpと〔1e）  

Murae11idae （11101■ay eels）  

q㌢椚相浦朋・〟∬カよd（～点〃（TenllⅥincIく＆Sc王11eきぎei）  

SyIヽOdo11tidae （1izardfis王1eS）  

み冊戒〟凱紺廃園加（Lac毎とde）  

Spily】■ae】1idae （l〕arraCLldas）   

（？）即ゐッr〟g／J〟ノ〟♪0／ヱ∫rαCuvier＆Vale11Cieness  

HoIcce11tridae （squirrefislleS）  

叫＼リ・小ノ小／J■＝＝什舟川（F（汀SSlくÅ1）  

OpIcgnathidae （beakpcrches）  

（）／心よ■〃“／／肌イ高点仙  

（Te】¶nlillClく＆ScIllegel）  

Mしl量1idae （goatfisileS）  

乙ゆだノ！だ～f∫∂ピノプ∫（‡∫～（Te1111Ⅵinclく＆ScIl旦e酢1）  

ハげ〟♪川川、ヾノーJ一‘情り■川／〟．ヾ  
（CtlVier＆Valenciell11eS）  

Apogonidae （cardillalfisileS）  

4呵押〃錯壷血抽帥厄Bklくer  

A．   dロビdどJイビわプりordan＆Suy（ler  

A，   ゴビ′？‡／J～′‡ど〔‡′〟∫TelTl】11iIICk＆Sc王11egel  

A．   ′～Og“よ〟∫（HouttuyIl）  

PolllatOlllidae （‡）1しIefisjleS）  

滋077ヱあ㌻坤∫あ0坤∫（Houtttly】1）  

Se汀anidae （groしl】〕erS and seel）aSSeS）  

坤わ7呼んどgJJ∫〟7一どOg〟よ‡～∫（Forsslく邑1）  

Jご．  ‘、ノ～／岬佃座■ノノ＝  
（Cuvier＆VaiellCie1111eS）  

R，C，T  Visitor  

R，C，T  Visitor  

R，C，T  Visitor  

R，C  Resi（ie11t  

C，T  Reside11t  

R，C  Transient  

C  Visitor  

Iiesidellt 

R，C，T  Tra11Sie】1t  

T  TI－a11Sie】1t   

C，T  Tra11Sie王1t  

R，C  Resident  

R，C，T  Resi（le11t  

R，C，T  Residellt  

C，T  Resident  

T  Visitor  

R，C，T  Reside】1t   

R，C  Transient   

R，C，T  Transie11t  
／ご．  ／‘山ノ1…■′■け‖′・ヾ  

（TelⅥnliIIClく＆sclllegel）  
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0モ〕SerVedl）1ace CategoI■さ′Of fisll  Fa111ily  Species  

E．  呵触可加克加（Tht‡nl〕erg）   1そ，  T  Tl■alてSiellt  

C  Tl■anSie11t  

l、  Resi（leIlt  

C  Visitol・  

R，C，T  Tra】1S主ent  

C  Visitor  

C  Visito】・  

C  Visitor  

g．  si〕．  

蕊肌椚諾粧〝酢附加肌皿（王1ilge王1dcl‘f）  

S（ニiaeIlま（l之1e （drし1111S）  

∴・・．・．‥・・‥・・、∴・く・‥∴・・．一lミ・・l＝．．、・・  

Gil■ellidae （ni】〕biers）  

G∫7・どgg‘ヱ♪JJ〃rよ（‡gαGray  

Gerridae （】11aja汀aS）   

（？）Gど7・7・だ∫のツだ′‡d（Fol膚SSkal）  

Sparidae （poi・gies）   

（？）肋）け〃？∫∫ノ（ゆ〃′‡∫rd Tallalくa  

即βr〟∫∫〟7・わ〟（TelllnlillCl〈et Sc】－1egei）  

Ltltjanidae （sllaPPerS）  

ム咤毎削げn舶路措（別eelくer）  

エ．   γ′加（Quoy et Gailllar（1）  

Ⅰ）0Illadasyidae （gru11tS aIld sweetlil〕S）  

グα7・坤涼ゆ棚混浴抽血加＝γ1山一berg）  

グgど（tよ〃r′1ツJJrんヱJ∫〆（・∠〟∫（Tllunt）erg）  

Cirrllitidae （ilaWkfislleS）  

（ご～〃・砧皮相抄＝冊・だ～′∫（TeImlTliIICk＆Sclllegel）  

Chcilodactylidac （mol－WO11gS）  

G粧晶正那£甜血加（Cuvier＆ValellCieIlnet）  

G．  gだみ7・（J（Dむ（lerleill）  

Caral噌idae （jaclくS）  

7’7■肌九〝肌㌧桓か脾k鋸（てelll111iIIClく＆Sclllegel）  

励gα7・肌用酬項血毎血削（Bloclく）  

∴．．・ト ‥．・．㌧∴．∴・、．・、い 三・！・い∴l  

Mugiloi〔1idae （saIldI〕erClleS）  

ノ㍉Ⅲノ）‖・‖‘‥（・・㌧ハ′・ヾ・ゾ‘′／l～  

（Te】11m血沈＆Sclllegel）  

ノブ．  肌呵匝流血勤－ei11dacll11er＆  
D三ide】一1ein  

T
 
 
 
ハ
し
 
C
 
 
 

R
 
 

T】ra11Sie11t  

Tl・a！1Siellt  

Transie】1t  

TrarきSie】1t  

Reside11t  

T】ra11SieIll  

Transie11t  

Visitor  

Visitor  

Visitol・  

R，C，′r  

R，C，′r  

R，C，T  

R，C，1、  

Ⅰミ，C，T  

R，C，T  

C  

R，C  

Resi（1e11t  

ResideIlt  

J）．  ♪～‘∠rゐだ払～（TeIⅥ111i11Ck＆Sclllegel）R，C，T  Res主deIlt  

Am】ⅥOdytidae （SaIldla】1CeS）   

（？）A棚掴め廊㍉匹一∫0′～‘～∠～′∫Girard  

Gol）ii〔lae （gol）ies）  

Ⅴ右・ピ0∫α／i〟J～（エビJorda】1et StarlくS  

R  Visitor  

R，C  i之eside】1t   
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Table4． し川JJ／J■／川（・rハ  

Ol）SerVe（lI）1ace Categol－y Of fisll  

R，C，T  Residclrt  

R，C  Tra11Sient  

Species  FalT】ily  

∴l川JJ／／…ぷイノ／▼り、J／．ヾ可）．  

Ellll）iotoci〔1ae （st11■fpe】▲c王1eS）  

Jわ■／ハ・〃＝Jぐ〃J〃‖－JJ（、AJ■1ilし、し、】く（l】・  

Po111aCe‡1tl・idae （（王alllSelrislleS）  

Chrmnis｝101｛け払（Tcmminclく＆Schlegel）   R，C，T  Rcside11t  

Ii liesident  

R，C，1、  Transie11t  

R  Residellt  

T  Reside！1t   

R，C，T  Iミesi（1emt   

】ミ，C，T  Reside王1t   

R，C  Resi（le11t   

R，C，T  Reside11t   

R，C  Residelll 

朗適所旬トw品血（Forsskal）  

Lal）】・idae （wrasses）  

Gk研一別嘉川㌧郁㍑げ寮（Jorく1an＆S11yder）  

耶混蝕朋闇αゆ流（TemmilてCk＆Scllle酢さ1）  

ハ‖・照√御J・ヾノん＃■（イ中Ⅲ  

（CtlVier＆ValeIIC寝mleS）  

ダ．†紺〟〃んJわJ・椚メ哩馴涼椚（HotlttしIyil）  

Jノ‘J／げり／■rノ（・．（（ルノJJ■（ノ高／〃．ヾ  
（Cuviel・＆Vale】1Cielて11eS）  

Jん／／■（ソ…‘・／・ハ／川J′／■叶J●J＝、ヾ（；t川tllし、l－  

〃．  ル（・‖■／rノ／）行川．ヾ  
（Tせm朋1inc】く＆Sclllegel）  

（’J■／・タイぎJ－／‘止／・Jハ／lⅥ川JJ■情・ムJ■lうlし、ビlくしl】・  

Scaridae （Ⅰ）arrOtfislleS）  

C品油棚状り擁血流肌（CしlVier＆VaieIICienlleS）R，C  ′1、ra11Siellt  

Sco叩ididae （stril）ey）  

JlノJ●げり＝ノJ／／川∫、ヾ／／・J■いJ／JJ．ヾ  
（CしlVier＆Vale†1CienIleS）  

C重1aetOdontidae （bしIttel・flyfislleS）  

（〃i‘‡β′〝doJ～〟〟7イg・〟Fors】く良I  

C．  ′／！〝dどぶ£〟∫TellllⅥi11Ck et Sclliegel  

（1、  川仏げl♪ Hl（1ぐ1く  

C．  ん∽払玩（Lacるpさde）  

C．  両神朗Stei王1dacll11el■＆Dむdel●1eill   

（‘7）〃ぬ諭朋雨初頭がⅠ〕Olylepis（Bleekelう  

〝ピ／～わビんま～∫〟（・払朋ム㍑広肌（Lill11aeuS）  

ZallCli（lae （】1100ringi（loIs）  

Z〟′～rJ〟∫r〃〃川∠α∫（LinnaeしIS）  

Aca11＝Ⅷridae （sul・geOIlfislleS）  

．・l（、‘川／／川r〃、ヾ r／J／川／川J■げJ、し、u＼・iし、l・ぷ  
Vale11Ciennes  

什／■川…川＝′‖■げ√ノ／りり■亡／仙′∫1．こIr石）三（k  

R，C，T  Tl－a11Sieilt  

R（≡Si（1eIlt  

ResideIlt  

Reside11t  

Resi（lelてt  

Res主dellt  

Residellt 

Resi〔1ent  

Resi（1ellt  

T
 
T
 
T
 
T
 
T
 
T
 
 

C
 
C
 
C
 
ハ
し
 
ハ
し
 
C
 
 
 

R
 
R
 
R
 
R
 
R
 
 

R，  

TraIISie11t  

R，  T  Tra11Sient  

Alし1teridae（Ⅲefishes）  
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Ol）SerVe（‡place Categcry of fis】1  

R，C，T  Reside11t  

R，C，T  Tra11Sient  

R，C，T  Reside11t  

T  Resi（1ellt  

Fa】¶ily  Species  

∫／り）／＝川ノ／りJ∴ヾ（I′■／－′イ′小り■  

（Te】Ⅵminck＆Slllegel）  

Ⅳ（‡VO〟071プ7ヱOdビ∫よ〟∫（Gtl11ther）  

OstI■aciontidae （trLlIlfilくSlleS）  

けヾ／／Ⅵ（イり／J川ん／■（・〃．ヾ1」it川し、しIS  

エα〔・か〃イ〟（・〃〃7～〟〟∫（Li1111euS）  

エ．   苗埠南川が（且oclく＆Schnei〔ler）  C  Resident  

Tetraodolltidae （首）tlffers）  

（’‘川抽J■．q小／‖・‖■㍗〟／‘J仙ヾ  
（TelⅥ1涙11Ck＆Sclllegel）  

ダ〟g£′S†）．  

Sco】rPaenidae （scor！）ionfislleS all（1rocl（fis王1eS）  

滋みd∫∠だり0ユ′〃βブイG餌1tller  

∫ィイ）止（／／■甘〟、（川‘げ川りJ・汀＝ハ  

（Cuvier＆Vale11Cie1111eS）  

放町押印呼止＝止血蛸（Tllunl〕erg）  

グfgrの′∫g～〃〃JJ（～gαTemllli11Ck＆Sc王11egel  

R，C，T  】iesident  

T  ResideIlt  

T  Residellt   

R，C，T  Reside11t  

C  Resident  

C  Res主dellt  

Synanceiidae （stonefislleS）  

ん南扇用言木ゆ鋸南肌（CtlVier（象ValellCie】川eS） R  

HexagralⅥl最dae （gl■eenliIlgS）  

丑Ⅷ賭粕棚榊＝加斬りor（la11＆StarlくS  R  

Reside11t  

Resident  

C  TrallSie11t  

Reside王1t  

Platycep】1ali（lae （flat王1ea（ls）  

川〟∫‘・咋／＝／JJ∫／－′汀ノJ、川・ヾ（1一ilⅢこミしlしlド〕  

Cottidae （sctlまpi11S）  

八川√／り／ノ／川…心／ノげ川J■r／（＼ヾ（江川＝1し、1▲  R  

Tota141falT】ilies，81species：Visitor，iう；TrallSie11t，23；Resi（lent，4乳  

Table5．CoIni）arison of t‡1e nし1王1沌er of sI）eCiesinclu（ledilltO王‘eS！）eCtive  

CategOl・ies betweeIm t‡1etllree artificialfish・reefsillKata】うa）′・  

Visitor  T】・anSient  liesiくIent  l、otal  

Quar】・yl・OCi（fisI－・Ⅰ●eef  6  

Concrete fisll－l疇eef  lii 

て、ier fisll－1・eef  う   



4う  Al・tificialfislい1◆eefsin Kata】うay   

of stay．Visitors obscrved on the study fish・l・Cefs werc13species representing13  

falⅥilies， Most fre（1しIently seen＼Vere jaclくmaC】くerel，7’′・〟〟ェ〟n～∫ノ‘ゆ〝′～～ど～‘∫，1■a‡1ging15－  

20cnli11tOtalle11gtll，Silver anchovy，みr∠融／ゐよdど∫grαビ～〟∫，Sardine，助返品ゆ＝枇払削減弛  

and a11Chovy，E72graulisjaponicus▲ Sir！Ce Visitors stayin gerieraionly for a relativcly  

short ti111e On al）articしIlal・fis王1・reef，a】1dl）eSidesitisimpossil）1ei－－aCttlalfact to＼柑tCll  

their comlng tO fish－rCef throughoutlong pel・icds，the probabilities for visitors to be  

found by divlng Obscrvation of short timesis verylowlIn fact，Sar（1ine，l）araCuda，  

旦痛y7膚〟だ′～∠エ ノ‘ゆ〝′～∠c〟，pOgy，励即涙㌧両如壷呵 ald111ajarra，Gどr7・だ∫ 0ツど′ブ∠～，are Visitors  

observed throughcontinuousobservationfcr26hoursl）y undcr・WaterTVfrommidl－ight  

to dayl）realく．TilOugllPaCific nlaClくerel，ぶro′7ヱみだ7・加担壷那，鉦塵telユーaC！くerels，A〟ズ～∫  

laPeinosom｛land A・tha3rard，arC Caughtin qLlantities by scトncts situated ncarby thc  

study fish・reefs，these fishes have not yetl）eCl－foi！nd through our observations up  

to now．Ncverthicss，thcse specics arcichthyovores or fish sharing considerable  

icllthyovoroしISllal）tS，t】lereforeitis prol）al）1e t王1at tileyllⅧSt aSSCCiate witllthe fisl－・reefs  

asl）arraCし1（Ia t】1rOugllSuCllintel－111editol・S；bei噂！〕ait，aS Sardines，anCllOVies，CardiIlaト  

fislleS a王1（lotller Smallfis王1eS．  

Transient  

Fishesincitldcdin this category are reef associated or rcef oricnted fish，and are  
moderatc swimmers，OCCtlPy＝1g mi（トorlower－Water COlumn・They wander extcnsivcly  

i11general，tllrOしl扉10tlt adjoinlng reef areas or fro111reef to reef，SOiⅥe Of tllernlⅥ唱rate  

illfor王¶ir将SChooIs．Besides，aS bentllic fislllivlng tlStla11y on a sandyl〕OttOm CO】川eCt  

also variously with artificialfish・reefs，hcre weinclしIdc tllem aS tranSient or resident  

accordiIlg tO tile eXte11t Of tlleir travemng．  

Twenty・thrce spccies rcpreぎe11tingiうfamilies found o11the study fish・reefs wcre  

incILldedin thiscategory．Typicaland LIStlally seen transients are beackperch，（沙Iegna－  

・′√・、－、∴・‘‥…；：：、主‥ ∴‥∴‥・t・一・、・い‥∴・・く：・・、こい：・・・－、・・：竜一・・ハ ∴．、・・∴J・∴・‥・‥巨一  

・∴・・、・、／・∴・、・・・・、∴‥！J・∴、・・J′・・・、∴・√・、一′・・・盲い・・（∴・・‥・∫い－、・エ・∫・－‥・・斗！；：・・・／・∵、・・、、・・  

・‖・・∴ ‥・！∴ ∴∴ こ・：しこl・．∴∴、．′．・・∴‥．・・い∴・∴・∴－ミ・∴・・・・．・・∴＼・、・、き：卜・い－・・・・－・．・・ごごご・∫∴り  

．いl・・、‥lニ．・・ト・・‥・‥い：…エ・、・‥・、√∴・∴・‥・・・、∴盲ト、ニー・∴・一・・！・・・・t・、川・、・∴、、・トiこへ（－・川・・・・∴一・  

‥・、・∴．・・ニ＝・＝、：、盲∴－●．∴・‥‥．・－∴・いご．‥、Il・両∴1∴い、．リ∴・．．・・・・・．∴．一い、汀・・・・－…ト！・′●′・・‥＝＝‥‥  

ブナ7／〔・7一〃′ど〆〟〃g叫a11d filefisllバ瓶聞流服抑祓相加㌧ Tlle‡11ajority of transiel－tSareimporta11t  

commercialfishes．Espccially gruntis one of the mostimportant fishes，andit  

aggrcgates frequcntly to artificialfish・reefs formi11glargc schooloccasiona11y・  

Resident  

Fis】1eSillClしIde（lil＝王1is category al・e tllOSe tllat StrO咽1y cliIlg tO tlle reer areaSi11  

general，havlng a rClatively narrow home range．Thcy al．einactivc swimrners and  

csscntia11y non・rnlgratOrS．And bcsides many of them sharc the characteristicof】〕Cing  

StrOngly tcrritoriaior atleast havlrlg a Well・defincd home range・  

Forty・ri＼′e species rel）reSellti】1g17fal血1ies see110n tlle Shldぅ′fis王1・1轟eefs wereiIICluded   
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in this category．Typicaland most frequentlyseen residentsarc cardinaifishes，Apogo）l  

．・‥∴∴√、∴ ・．・∴l い・．、．∵U・r－、・・・l．㌧㌧・．∴・・∴ ∴・・・‥、！・こ、；l－、J・1・一、・・トt∴・・－・・、・∵・・  

11aWlくfisll，C～ハイ〉滋如カタぶ d〟rど～J∫，gOl）ies，danlSelfisll，Cみrロブプブ～・－ 那加舶巧 WraSSeS，〃‘～g～どゐ0ピ㌻ど∫  

抽Ⅲ旬症耽＝㍑d月．卯彫祓ゆ励・叫l〕atぬ儀flyfislleS，（汲郁伽品川〔dゐ照 alld C・′～ゆ少07～，filefisil，  

・ヾ・・・・′・J‥い‥∴．∴∴・・－‥リ、∴リ・、、‥・lこ…Jトト・‥J・∴・∴・…、∴…し－－・∴・∴・・・・J・1・・∴t′・・・∴・′‥、∴・、－・・・二こ：ト∴  

ふ倣㍑症肌パガ用”削肌紬舶 a‡1d scし11p主n，ダ∫紺d減どJ〃‡よJJ∫押てぴ∫dど∫・AsI●eSidel－t fis王1eS SI〕end  

almost the whole pel・主od of theirlives within a definite reef arca，We Can CaSily find  

them and watch their behavior except for sorne nervousor cryptic spccies・Neverthlcss，  

as our obsel・vatio11S have been carried out tolay cmphasis on commcl■cial’fishes，SOme  

valしIeless，CryPtic a11（1rare fis】1eS】mtlStl－aVel〕eenOVerloolくed†ExceptfoI・a fewkiI－（1sof  

groupersor seabasses，rOCkfishes，thc majOrity of residcnts ane non・Orless・COmrnerCial  

fisll．  

Discussion  

Out of consideration for thc results of our observations andlくn（〕Wledge of a mode  

oflife of respcctive species，WC Classificd allthe spccies obscrved on the study fish・  

1・eefs，i11tO tllree Cate卯ries．Tlle Ciassificatio110f respective fisllis，IlOWeVer，ul－1－igid・  

Espccially for some fishes being on the bordcr betwcen visitor and transient，and  

betwcen transicnt a11d resident areLlndefi11able cleとIrlylnaCutuaifact，thcn categorizing  

themis duc to our sul）jectivity，tO SOrne CXtent－ AsirlShore fish exhibit cxtrcrne  

diversityiIltlleir‡mO（】e oflife orl）ellaViol■，11ュOreOVer tilOSe are】10と always eveIl  

throughoLlt theirlives，itisimpossible and doesllOt fitin thcI・eality to classify too  

Strictiy．   

TしIr】1e】・βg（‡／．（1969），i！1tlleir ecologlCalstu（lies onlllt11tトco王叩0111e】1t artificial  

fisll・reefsI）1aced 60－rOOt deel）i11Sallta Mollica Bay，i－aVe Classified 78 s夏ニeCies（うぅ  

falⅥilies aIld60geIlera）ol）SerVe（lon tlle fisil・reefsilltO fotlr CategOries，tlley a】‘eI〕elagic  

fis】1eS，l）e11tllic fislleS，SelTli・1・eSide王1t fislleS aIld res毒de11t fis】1eS．As rotedl〕efcre，We（lid  

I） notlTlake a category“benthic，butirlCluded bc11thic fishilてtO tr乙11モミie‡二t Cr reSident，  

accordi11g tO tlle eXぬ1t Of tlleir mo＼7eIⅥe11t OllaCCOtI11t Of t】1e fど－Ct tllat tlley are also  

att】－aCted to artificialfisll・1・eefs to so111e eXte11t．′r】1ree CategO王・ies，Of visitor，trallSiellt  

a11d resideIlし（lefi11e（lile略allllOSt COrreSpOIld to pelacic，SelTli・rCSide】1t aIてdl◆eぎideIltl）y  

Ttl】・11erだg〟g▲（1969）exceI）t O】1tlleI〕Oi】ュt Ofl）elltllic rislleS．  

Asi〔1e fI・0Illtlle Strict defil血ioIlOf fisll・CategOries，ClassificatiollOf fisllO11artificial  

fish・reefsis；lVailable for an actua】purpose．Of fishes which have some rclatio11Ship to  

artificialfisll－reefs evelてifitisi】1Ci（le11tal，COmlllerCialfislla王■e allⅥOSt alIl・eferl・ed to  

visitor and transient except a few resident fish． Tllerefore，the number of sl〕eCics  

of visitors alld trallSie】1tS CO】111†1g O11aI・tiricialrisllイeefs ca11！〕e reきぎarded as a scale  

exI）reSSlIlg reef・effects．  

Co‡1叩a】■iso110f tlle】Ⅷ111！）er Of species】〕elon如l鳩 tO reS！）eCtive categol‘主esl）etlちプee11  

沌ree artificialfish・1・eefs sttl〔1iedilere（Tal〕1eう），iIldicates tllat tlle】1u111l）el・Of s王ニeCies   
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Of visito】・Sis t王1e r110St Ollt】le COnC】・ete fis】1・1－eef，tjleiliき蔓11eSt Olle Of tlle tllree．Mol‘eOVer，  

WC have somcinstances that no visitor nor any f主sh assemblage was roun（lorlthe  

art汀icialfisll・1－eefs，i11＼VIliciltl11it s】1elters were110t Piled tlP，1｝ut SCattered o】1tlle Sea  

rloor．王γro汀L＝1e al）0Ve，We COnSi（1er tilat tlle王1elg】1t Of tile artificialfisll－1・eefis one of  

theimportallt factors yeilding sufficient rccf・effects，atleast for visitors and transients  

nl喝ratingl11tlPPe】・・Or nlid・Water COlし111肌  
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