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Abstract  

Asimplemethodwl－ichusesthecatchandefわrtstatisticsco払ectedbeforeanda鮎rthesetthgofan  

arti鮎ialreefisproposedfbrcalculating払ee鮎ctcapacityofthereef・Fouowingdi駄rentialequationo  

thestockand鮎hhge鮎止WaSaSSumed：  

蔓＝紬りC－ざ巨弘富＝d一別才十物  

whereS＝StOCkquantityexistingonanar痛ciaireefJ＝鮎hingmortalitycoe琉cient，C＝maXimum  
00paCityofanar血ialreef，〃＝StOCksizemigradngtothe鮎は喝gmund，汐＝quantityof鮎hcau紳，α  

＝力（才max，andた弧dゐdenotecoe琉cient．   

WhenSandfareinequihbrium，f＝a／hC＋訂／Cisled．Theexp王oitationratefjandcatch  
quantity肌ね㌻技meintervali由vecurvewithconthuousosd鮎南onaroundanequ誠ib貞unl・Applyl喝an  

methodofmovngaverage．thebuowlngapPrOXimateexpressioncanbeforrned：  

／∫＝α／あC十訂f／C，  

Iffiandy］duringseveralyearsbeforeandafter仇esettingcanbeobtained，lhearregressioncoef誠entC  

（m拡imumcapacityo一肌ard鮎ialreef）w迅befound・  

ⅠくeylVOrds：訂舶cia‡reef，efkctcalculadon，ma裏mumcapaclty   

Thecriteriaforcalculatingthee鮎ctofanartiacialreefcanroughlybegroupedinto：（1）productioneffect  

（catche鮎ct）；and（2）鮎h－attraCtingeffect，Thelatteriscalculatedmainlybydirectmethods，SuChasvisual  

observation，uSeOfechosoundersandexperimental鮎hing，Whiletheformerisgenerauycalculatedbyindirect  

methodsinwhichanalysesaremadeoftheinformationaboutseaareaswheretheartiAcialreefhasbeenset，  
suchascatchande抒ortstatistics，and鮎hingoperationrecords，etC．   

Brockl）andSamplesandSproul2）calculatedthee鮎ctofanartiacialreefbysomemethods・Inthepresent  

work，theauthorsw山describeanattempttocalculatethee鮎ctbytheuseofthecatchande肋rtstatistics  

couectedbeforeandafterthesettingofanartiAciaireef．  

AcceptedJune26，1990   



YoshiharuMA・rSUM】YA，MasaoOKA，KazuhikoHIRAMATSljandKe頭iAsANO  74  

Al・ti鮎ialReerEf鎚ctandI壬ⅩpreSSi（）nOr  

FishingMortalityCoef鮎iertt  

Itisd雌culttode触ehowfaranartiAcialreefcouldexerciseitse汗ectonthestock．Assumingthatthe  

prmclpalpartoftheeffectexistsinarti鮎ialreefitself，however，therewulinevitablybeacertainumittothe  

effectcapacityofanarti鮎ialreefdependingon鮎hspecies．  

LetCbethemaximumcapacityofanart漬cialreef，andSthestockquantitycurrentlyexistingonthereef．  

Thenthequantityof汽shnewiyaddedtotheexistingstockcanbeexpressedinthefomoftheproductofthesize  

ofthestockmigratingtothe鮎hingground，Nandthesurpluscapacityofthereef，（C－S）．Ifthecoef鮎ient  

Ofadditionmadebytheindividuals whichhavecomeacross the reefisrepresentedby k，and the鮎hing  

l∴‥－∴∴∴∴∴∴∴＼∴ 
二・ 

＝…（C－5巨β＝かⅣ（C－ぶ巨財・  （1）  

（劉  
Theincreasingordecreaslngtrendofthe鮎hingmortalitycoe抗cient   maybeexpressedbythesum  

Of（1）whatisalwaysstriven良）rtOaChievemaximumcatchquiteindependentlyofthestockorcatchquantities  

and（2）whatisdependentofcatchquantity（h・y；hdenotescoe疏cient）．Iffrnaxdenotesthemaximum鮎hing  

mortalitycoef鮎ientthatcanbeassignedtoacertain鮎hspeciesinacertain鮎hingground，（1）isexpressedby  

h・C（fmax－f）．Ifh・C・fmax＝a，aisaconstantwhichrepresentsthetrendofthemaximum鮎hing  

morta批ycoef鮎ientandthefouowingfomulaisled；  

薯＝α－ゐ・Cイ＋毎  （2）  

TheoreticalI）evelopmen毛  

ThevaluesofSandfinanequihbriurnstatecanbeobtainedbythefolIowingEquationsiftherightsideof  

Eqs．（1）and（2）isassumedO：  

宮＝首ふ（た・ⅣC一計）  刷  

／＝首㌔（α＋ゐ・訂）  剛  

where訂indicatescatchquantitywhenSandfareinequiubrium．Andfrom（3）×（4）isobtainedh訂2＋ag  

－た・〃Cα＝Oa離omthis，訂＝去卜α＋椰〕isobtained・  
Ontheotherhand，if  

5＝＝5＋ざ；㌍  
（5）  

／＝／＋／率  
（6）  

areassumedwithrespecttothepropertyofthesolutionsintheneighborhoodoftheequilibritlmandifthese  

EquationsaresubstitutedintoEqs，（1）and（2），WhereminortermsofanorderhigherthanthoseofS＊andf＊  

areom蠣then欝＝－ぶ＊（克・〟りト／串言and欝竺＝ゐ・／S＊－ゐ（C－ぶ）・／…幹are  

Obtained．ThesolutionsoftheseEquationsareusualiyobtainedbyassurmigS＊＝A．elL，f＊＝A2elt，and  

theirgeneralsolutionsare：   
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ぶ＊＝（β11・COSTf＋β12・Sinrg）βα′  

／＊＝（β2．・COSでf＋β22・Sinでg）♂げ′  

・－ふ  －（ス＋た・Ⅳ＋／）   
where T＝＜O．From aIlindicialequation O＝  

ゐ・／  －（j＋あ・C－ゐ・5）  

obtainedasacor如gatecomplexnumberス＝gj：T，Wheregandrareeachexpressedby：  

一ニーニ ■・一二．∴ ＝∴．  
－抽・打  

r2ニ紺妻謹Cト子）2  
InEqs．（7）and（8），inthemeantime，Bijisacoe触：ientobtainableftomAlandA2，  

Withrespectto鮎hingmortalitycoe熟：ientf，themonthlyexploitationrateformonthi，rePreSentedbyfj，  

isobt血離omEquat血（6）asfL＝Llf・dt＝j：f・dt・j：1f＊・dt・弧dj：1f・dtモanbeexpressed  

fromEquation（4）inthefomofafunctionofthemonthlycatch訂finthecaseoffandSbeinglnequihbrium，aS  

ぬuows：  
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（α＋あ・冴f）．  丑1）  

Ontheotherhand，fE＊isexpressedintheformofanintegralofEquation（8）asわuows：  

差＊＝よ1／＊・df  

＝♪［β21Sin（テ＋β〉－β22COS（ア＋∂）トゼ訂一札  且詔  

（寺）2＋（与）2；β＝tan－1‡；Fandテarevaluesかe頼Substituthg訂f如才in恥  Where♪＝  

（9）and（10），reSpeCtively；andK／indicatesaninitiaivalue．Consequently，jl＊canbeexpressedinthefbrmofa  

functionofyi，andthesameistrueforSP｛．If許isgiveninthiscasebyanincreasingfunctionforgtwith  

respecttoexploitationratefj，itmaybesaidthat木＊isavariationwhichstaysirlCOntinuousamphtudearound  

Equation（11）andwhoseosc揖ationincreaseswithincreasing yi．   

Whenapplyinganappropriatemethodofmovingaveragetothevariationofexploitationrateftwhichhasthe  
Characteristicsdescribedabove，itsosc嵐1ationpartissmoothedoutand fi≒fimaybeasassumed．IfyL＝  

（fi＋差＊）（Sj＋Siわ）isassumedforcatchquantityytandminortermsofanorderhigherthanthatoff＊and  

S＊areomitted，thenytisexpressedbyyi≒fiSf＋Si差＊＋fiSl＝fL即十Si〃＋訂，andifyi＝  

訂∫＋y戸isassumed，y㌢isexpressedby ft，Si，j；＊and野．Afterall，itmayalsobesaidbysimuar  

reasoningdescribedearherthaty㌢，tOO，Showsanosciuatoryvariationwithrespecttoyi．Thus，房j≒訂L  

maysafelybeassumedbecausetheoscillationpartofthisparameter∴肱ethatoftheformerone，Canbe  

SmOOthedoutbyamethodofmovmgaverage．   

WhenexploitationratefiCOrreSPOndhgtomonthlycatchquantityyjisarrangedindescendhgorderofyi，  
andanappropriatemovingaverageprocedureisapphed，thenthemoⅥngaVerageValuek）rthetwoparameters  

are rough1y assumed to be gi≒giand ff≒fi，reSpeCtively．Using Equation（11），the buowing  

appro衰mateexpressioncanbefomed：  

右≒ふ（α＋柑f）＝品＋去夢‘  臓   
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伽喝htわeapprox血ationisnotsogoodasin払ecaseof／fand釣eaChofwhjchbdi扇du劇ycorrespondsto訂ト  

IfT2＞0，f串andS＊givesmoothcurvesapproachinglineswhichrepresentanequiubrium，indicatingthatthe  

equihbriumisstable．  

n1etho（1ofEITcet Cilleul；ltion  

Linearregressioncoe疏cientC，i．e．themaximumcapacityofanarti員cialreef，wi11befoundfromEquation  

（13）ifmaterialcanbeobtainedconcerningmonth塵yexploitationratefiandmonthlycatchquantityyj．（Theunit  

oftimeintervalneednotbelimitedtoasinglemonthaionebutthemostsuitableonemaybechosen，SuChasone  

day，OneWeek，tendaysortwomonths．）   

1tispossibietocaiculatebyfouowingthechangeofCasobtainedeveryyear，irlWhatwayandtowhat  
extentanarti鮎ialreeftakese鮎ctifsu抗cientmaterialhasbeenco11ectedconcemingthe鮎hingoperationduring  

severalyearsbeforeandafterthesettingofthereef．IffLisunknown，itshouldbeadded，relativecapacityC′  

canbeobtairledby血ding，insteadoffj，relativecatchefft）rt，e．g．＆equeneyofnethau伽gornumberofboatput  

htothe鮎hhgoperation．  
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人工魚礁の効果算定に関する理論的考察  

松宮幾晴・岡 正雄・平松山彦・浅野謙治  

魚礁設関の節と彼の漁基盤努力蕊統計を利用して，人工魚礁の効果算盤をする簡単な方法を操儀する。   

魚礁効果と漁雅係数は下記の微分式で衷視できる。  

蔓＝敵Ⅳ（C－5巨釘，濱＝α一時＋カグ  
ここで5は魚礁に現存する資源盤，／は漁獲係数，Cは魚礁の散大収容能九〟は漁場に来遊する資源の大きさ，邸  

は紙礫鹿，たは魚礁に遭遇する個体の添加係数，βは政商漁独係数の傾向を示す定数（＝た・C・／max），ゐは係数で  

ある。   

5と／が平衡状態の時，／＝用／あC＋訂／Cが導かれる。ある呼開閉隅（例えば，月や週）の漁獲撃方と漁渡忽  

邸∫ほ山つの平衡状態のまわりを振動する曲線となり，移動平均を適用すると  

／fニα／ゐC＋訂ゴ／C  

が成立する。   

人工魚礁の設澄前と後の数年閤の／fと汐fが得られれば，年ごとに求めた山次回帰係数C，即ち魚礁の散大収容  

能力の変化傾向から，効果の教われ方や大きさを把捉することができる。   




