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A丑STRACT  

WeemployedcodedultrasonictranSmitters（V8SC－6L，VemcoLtd・，Canada）inorderto  
trackmany丘shessimultaneously・Wewereabletotrackupto256different丘shesuslng  
thetransmittersonthesamefrequency・hthis study，WeuSedoneVR28tracking  
system（VemcoLtd．，Canada）andtwoVRltrackingsystems（VemcoLtd・，Canada）  
togethertotrackblackrockBshesthatinhal）itedtheseawalloftheKansaihtemational  
Airport・Manytaggedblackrockfisheswereiden偵edatthesamePlace 

． 

receiversystemandtheVRlreceiversystemisapowerfu1tooltoprovideustheusefu1  
dataincludingpositionofthetagged丘shandthetimeof丘shattendanCeincertainareas▲  
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INTRODUCTION 

TheKanSaiintemationalairport（KⅨ）thatopenedin1994istheonlymarineairportin  
theworld．TheKⅨofftheSensyudistrict；SOuthempartoftheOsakabaywasmadeas  
anintemationalairporttorepresentJapannexttotheNaritaairport（Fig・1）・neSea  
aroundtheKⅨwasabout18mdeepandtheseafl00rWaSeXtremelysoft・Tonhimize  
theenvironmentalinfluence，alnosttheseawal1（8．7km）oftheKIX，Whichwasll・2  
kmincircumference，WaSmadeinagentlysloplngrubblemoundseawal1・Nowaday，  
manykindsofseaweedgrewthickandmanymarinelivesinhabitedarotmdtheXⅨ・  
Moreover，theseaaroundtheKIXbecameaspawnlnggrOundandnurseryformarine  
lives．  

ManyblackrockfishesSbbastesinermisinhbitaroundtheKⅨ・neblack  
rocknshisacoⅡ皿OnSPeCiesinJapan・ItrangeSalongthecoastfromthesouthem  
HokkaidotoKyushuandisoftenfbundattherocksandZosteraareas（Harada1962）・  
neblackrock丘shis11Sedinbothcommercialandsportfisheries・Fromastudyof  
al1elefrequencies，theblackrockfishdidn’tseemtomoveonalargescale（Numachi  
1971）．Tboughtheblackrocknshgrowsslowlywithcomparisonofotherrockfish  
speciesinJapan，thellifespanisrelativelylong，atleast5ages（Hatanaka＆hzuka  
1962；Mio1960；Yokogawaetal．1992；Yokogawa＆Igucbi・1992）・  

BiotelemetrysystemsusingradioandultrasomictranSmittersandreceivershad  
been employed sincethe1960，s・Their performanCe hasimproved sincemicro－  
electronicstechnologleSWeredevelopedrapidlyduringtheseyears・Weemployed  
codedultrasomictranSmitters（V8SC－6L，VemcoLtd．，Canada）inordertotrackmany  
fishsimultaneOuSly・Upto256difftrent丘shesweretrackedusingthecodedultrasonic  
tranSmittersonthesame丘equency．Althoughblackroc姐shesus11al1ydidnotforma  
largeschool，inmostcasetheadultblackrockfisheswereaggreg通ng，10to20ata  
place，inrockcrevicesandholesorwerelurkingundemeaththebouldersassmaller  
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groupsorindividual1y（Harada1962）・ThecodedultrasomictranSmittersarethemost  
suitabletotrackthebiackrockBshwhichinhal）itthesamePlaceatthesametime・The  
objectivesofthisstudyweretoclarifymovementsoftheblackrockBshesusingthe  
codedultrasonictranSmittersandto evaluatethenew biotelemetryusingthecoded  
ultrasonictranSmitters．  

Figurel．MapofKansaiintemationalairport（KIX）・TheKIXislocatedintheO早aka  
Bay，5kmofftheSensyudistrict，SOuthempartofOsakaPrefecttlre・  

MATERIALS AND METHODS 

Studysite，SamPle丘sh，attaChmentofcodedultrasomictransmittersandfishrelease  
せeabnent  

meosakaPreftcturegovemmentprohibitsal1fishingactivityfromthepoint  
ofviewofenvironmentalprotectionaswellasairportsecuritywithin390malongthe  
north，WeSt，andsouthsidesandwithin490malongtheeastsideoftheairportisland・  
ThesamPlerockBsheswerefishedatthe3points（A，BandC）oftheeastemseawallof  
the血portislandunderthespeCialpemissionbytheOsakaPrefecturegoverrLment  
fromSeptembertoNovember2000（Fig．2）・Tbeywerematurebecausethesexual  
matmityis蝕stattainedat2ageandmorethanabout150mmofthetotal1ength・Tab・1  
showsthesummaryOfthesamplerockfishes・Theywererearedforsomedaysin  
preservefishtaLiksoftheTajiri丘sherycooperativebeforetheinplantationofthe  
codedtranSmitters．TheTajirifisherycooperativeisthenearest丘sherycooperativeto  
theⅢⅩatthesouthemfootoftheliaisonbridge（Fig．2）．  

WeusedultrasomiccodedtranSmitters（V8SC－6L，VemcoLtd・，Canada）that  
was8．5irLmindiameter，25Ⅱ1mlong，andweighed2．2gmwaterandtransmitted  
complexcodesofuptosixpulses・Upto256differentcodeswereidenti鮎donthe  
Samefrequency（Voegelietal．1998）・  

ThetranSmitterswereimplantedsurgicanyintotheal）domenof 
surgicaltreatmentwasperformedunderanesthesiausingO・1％2－Phenoxyethan01・Tbe  
implantOPerationtookal）Out5minutes・The丘shwasplacedbetweensomesponge  
rubbersinabathofsupplyingthefreshbubblingseawaterduringtheoperation・An  
incision ofaboutlOmmin1engthwas madeinthe abdomenofthe丘sh andthe  

54   



transmitterwasinserted．ThewoundofsurgerywasclosedwithanOPeratingneedle  
andsuture・Anantibiodcwasapplied・The負shwasheldforaboutfourdaysin鮎h  
tanksaf［erthesurgicaltreatment・  

Fourreleaseexperiments wereconductedon18September，6，22，and25  
November，2000．Eachfishwasreleasedatabout15－mWaterdepthattworelease  
points（RlandR2）．RIwaslocatedatthenorthemendoftheKⅨ，Wherethes9aWal1is  
notgentlyslopingrubble．Theotherpoint（R2）waslocatedattheoppositesideinthe  
shallows ofthe KⅨ．Thirteen fishinRlon18September，3重shinRlandR2  
respectivelyon6November，2fishinRlandR2respectivelyon22Novemberand2  
fishinRIon25Novemberwerereleased（Tab．1）．Thedistancefromthepointof  
imitialcaptureatA，B，andCtothereleasepoint（Rl）wasal，Outlkm，2・5kmand3・5  
kmrespectively．AdistancefromthereleasepointR2tothepointsofimitialcapture（A  
andB）wasabout4．5km．Wetrackedthefishcontinuouslyfor25hoursa氏errelease  
on18－19Septemberandforal）Out8hourson6，22and25November・Trackingfor  
abo11t8hours was attemptedintemittently every two or three daysfo11owing  
continuousimitialtrackinguntil15December2000・Wetrackedthesample丘sharound  
theKⅨIslandandalongtheoppositesideintheshallowsoftheXIX・  

Figure2・Thestudyareaandtworeleasepoints，RlandR2・ThemarksofA，BandC  
indicatedthe丘shingpointswherethesamPlerock五shwerecaught・Tbetwo  
VRIsystemsweresetupattheno．4girderoftheliaisonbridge・  

Trae血gsystem  

WeusedoneVR28systemandtwoVRIsystems（VemcoLtd・，Canada）totrackthe  
taggedfish・TheV氾8trackingsystemconsistedofafourchannelultrasomicreceiver，  
connectedtoafourelementhydrophonearray・Thissystemwasinstal1edintheresearch  
vessel・Thequadhydrophonea汀ayPrOvided360degreesofmOmitonngcoveragesothat  
thebearingtoatransmittercouldbedeterminedwithouthavingtorotateadirectional  
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hydrqphone・TbeVR28systemreceiverwasconnectedtoacomputerthro11ghanRS232  
Serialport・We supplied computer controlledal1VR28receiverfunction，including  
丘equency，gain，and echorqjection blankinginterval．BesidetheⅡ）numberofthe  
codedtransmitters，thepositionoftheshipdecidedbyG女S（GaminCoりUSA）was  
SaVedtothecomp11ter．GarminGPSreceiversareaccuratetowithin15monaverage．  
WemanagedtooperatetheresearchvesselalongtheeastseawalloftheKIX，andwe  
decidedthatthepositionwherethesignalsfromtagged鮎hesweredetectedbyal1the  
fourchannelswasthepositionofthetaggedfish． 

TbeVRIsystemwasthesubmersible，Singlechannelreceiverthatrecordedthe  
DnumberandtimestamP録om256codedultrasonictransmittersas也etagged丘sh  
traveledwithinreceiverrange，300－500mofthereceiver．Thedimensionwas60mm  
indiameterwith205mmlength．Thelithiumbatterylastedfbrsixmonths．1medata  
Weredownloadedquicklyandeasilyinthe鮎IdwitholltOPeningthecasebyuslnga  
magneticprobeandPCinterface．Weinstal1edtwoVRIsystemsinthisstudyattheno・  
4girderoftheliaisonbridge（Fig．2）．  

RESVLTS  

Movementortbeblaekroek重sb  

Throughouttheexperiments，thetaggedfishreleasedatthepointRlmovedtothe  
northeastorthe southwestalong血e eastseawdlofthe XⅨorstayed amund the  
releasepolntJuStaf［erthereleas占．TwoVRIsystemsattheliaisonbridgerecordedfew  
attendanCeSOfthetagged丘sh．Allofthetagged丘shmovedalongtheeastseawal1tothe  
SOuthwestemdirectionafter4－5hoursrelease．Fourteenofthetwentyfishcaughtatthe  
threepoints，A，B，and C onthe gently sloplng SeaWal1andreleased at Rl，Were  
identinedattheiroriginalhabitat，i．e．，fromAtoA；100％（30f3individuals），fromB  
toB；57％（40f7individuals），fromCtoC；70％UoflOindividuals）．Twelve申gged  
丘shmigratedtotheirhabitatwithin4daysandtwofishesmigratedtotheirhabitatafter  
7days・Six魚shl－eleasedatRldidnotretumtothesiteswheretheywerecaptured  
Original1y・The丘shthatmlgratedtotheirodginalsitesdidnotmoveoutfi－Omthese  
habitatsduringourinvestigation．Tbesixfishesthatdidnothomestayedaroundthe  
releasepointRIormovedbackandfordlOntheeastseawal1・A皿ofthemneverpassed  
theiroriginalsite．Thebottomtopographybytheechosoundersuggestedthatthepoints  
A，B，andCfe血redroughrubblebottoms・Tbetagged丘shmigratingtotheirhome  
WereOftenfbundatthesefeaturedbottoms．Consequently，thetagged丘shstoppedatthe  
featuredbottomareaandwenttonextoneafteranOtherduringmigrationandthenthey  
bomed．  

FivetagBed且shreleasedatR2movedtothenortheastorthesouthwestafter  
therelease．nree（ID：98，172and175）ofthe丘vefishmigratedtotheirhabitatwith  
2－11days・Thefish（ID：174）wasrecapturedbyafishermanatdlePlacebetweenthe  
Teleasepolntanditshabitat．O11efishreleasedatR2wasonlytrackedfbrldayanddid  
notretumtoodginalsiteofcapture・TbeVRIsystemsrecordednodataofthefivefish  
thatwerreleasedatR2・Tbesefishmighthavemoveddirectlytotheirhomesitewhile  
notpasslngZlearthe VRlreceiver・After dl，therate ofhomingmigradoninal1  
experimentswereasfollows，虹omAtoA；100％（30f3individuals），fromBtoB；  
60％（60flOindividuals），fromCtoC；67％（80f12individuals）（Tab．1）．   

Tablel．Sumnary oftotal1engths，datetracking began，reCOVery duration，homhg  
duration，CaPturedpoint，releasepointandsiteof丘naldestinationofthesamPle  
丘sh．  
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Siteof丘Ilal  Recove叩 Hommg Cap山red  Release   p To血I Date  
1ength tracking duration duration＊1point＊2  point＊3  destinadon＊4  

（mm）began   （days）  （days）  

Other   

B   

A   

O也¢r   

B   

A   

A   

A   

Other   

C   

C   

C   

C   

B  

RI   

RI   

RI   

RI   

RI   

RI   

RI   

RI   

RI   

RI   

RI   

RI   

RI   

Rl  

N  I主   

1  B   

N  B   

N  B   

I  B   

I  A   

I  A   

7  A   

N  C   

7  C   

I  C   

I  C   

I  C   

2  B   

4  B  

Recap山一ed ち  

11  C   

4  C   

N  C   

2  B   

2  B   

N  C   

4  C   

I  C   

N  C  

64 238 18－Sep－00 2  

73 207 18－Sep－00 53  

74 215 18－Sep－00 8  

75 220 18－Sep－00 2  

76 218 18－Sep－00 8  

108190 18－Sep－00 2  

109 237 18－Sep－00 2  

110 212 18－Sep－00 43  

111208 18－Sep－00 67  

112 206 18－Sep－00 8  

113 203 18－Sep－00 32  

114 206 18－Sep」）0 53  

115 208 18－Sep－00 73  

171 235  6－Nov－00  40  

172 222  6」Nov－00  4  

174 223  （ラーNov－00  2  

175 237  6－Nov－00  40  

176 215  6－Nov■0  40  

177 213  6」Nov－00  35  

57  215  22－Nov－00 24  

98  223  22－Nov－00 24  

180 205  22」Nov－00 1  

181 210  22－Nov－00 24  

99  230  25－Nov－00 10  

185 200  25」Nov－00 2  

R2  B   

R2   

R2  C   

RI  C   

RI  A   

RI  B   

R2  B   

R2  0ther   

RI  C   

RI  C   

RI  A  

s ittooktorettlmtOpOlntOfcapture・Recaptured  ＊1Nmeansnobom血g．Ho皿血gdurationme皿S也eday   
meansthatthesample丘sh（ID‥174）wasrec叩血redbya負sherznanattheplacebetweenthecaptured  
polntand血ereleasepomt・  
＊2CapturedpointA，BandCinFig・2  
＊3ReleasepointRlandR2inFig・2  
＊4Siteoffinaldes血ationmeanstheplaceofthefishattheendoftheexperinent－Theashthathomed  
didnotmoveoutfromtheiroriginalsitesforourinvestigadon，A，BandCwerecapturedpointsinFig・2・  
0therneanSthepointdlatisdifferentfromA，BandC・   

NewbiotelemetⅣtedlnOlogy  

After homing，SeVenteen black rocknshes did not move out fromtheir habitat  
respectively・Nanely，3丘shstayedattheApointafterhoming，6fishattheBpointand  
8鮎hattheCpoint・Wecouldidentifymanytagged負shatthesameplacerespectively  
uslngCOdedultrasonictranSmittersonthesamefrequencyinsteadofchasingthetagged  
丘sbconthuouslyonboard．  

nroughouttheinvestigationfromon18September2000toon15December  
2000，al1thetagged負shwereidentinedalthoughtheident脆cationratesreduced（Fig・  

3）．  
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Figure3・Relationshipbetweentheidentificationratesoftherockfishesreleasedwith  
COdedultrasonictranSmittersandelapseddays．  

DISCUSSION  

Movememtorthebl乱ekrock丘sb  

ItisclearthattheblackrocknshesaroundtheEⅨhavehomingabilityinthisstudy．  
Thecrackoftherocksexistedaroundtheplacewherewe丘shedthesamPlefish・ne  
olive rocknsh Sebastes serranoi（おs，Off Santa Barbara，Califbmia，rarely moved  
betweenshallowwaterreefs（Love1980）．Itwasthoughtthattheblackrockfishinthis  
Studylivedinthecrackoftherocksofthereefbecausetheydidnotdolarge－SCale  
movementafterhoming．Dodson（1988）reportedthat丘shmigrationwasbasedonthe  
interactionofexperienceandins血ct．Reese（1989）．memionedthatsite－SPeCificcoral  
reeffishleamro11teSandforaglngPathsbyrecognlZlngSPeCificlandmarkss11Chascoral  
heads・Reesehypothesizedthatsite－SPeCi丘c丘sh，incomparisonwithmobile，PelaglC  
fish，WOuldbemorelikelytoleam1andmarksbecausetheyinhabitareaSWitheasily  
noticeablefeatures．Theblackrock丘shesgrowslowly（Hatanaka＆Iizuka・1962），but  
theylivelonglives up to5years atleast（Mio1960；Numachi1971，）・Theblack  
rockBshesthathavelonglivesanddon，tmovefaraway丘・Omtheirhal）itatremember  
theformoftheseabedandenvironmentaroundtheirhabitat．hthisstudy，theblack  
rock負shesthatmigratedtotheirhomesitewerefoundmanytimesintherockareas  
dmingmlgration・AIso，OurStudyareashadbeenstudiedverymuchtomomitorthe  
SeaWal1enviromnentbydivers．Resultingfromthemonitor，manyblackrockfisheswere  
observedin rock crevicesand undemeath boulders．In addition，Matthews（1990）  
reportedthatbecauseallofthedisplacedrocknsheswerefoundonornearthereefarea  
Ontheirretumrouteandsomestayedforseveraldays，Perhapsrockfishesusehighrelief  
rockoutcropsandrocksandlandmarks・Therefore，the・blackrockfishseemedtousethe  
SpeCificrocksoftheseabedaslandmarksorunderwaterguideposts・  

Matthews（1990）reportedthatcopperand quillbackrocknshmovedtothe  
directionoftidalcurrentsjustafterthereleaseandperhapsrockfishesusedthestrong  
currents toassistintheirmovements，OruSedthecurrents asadirectionalcue．Tbe  
blackrockfishesreleasedatRlinthisstudymovedalongtheseawal1thatrestrictedthe  
movementdirectionofthetaggedfishes・Matthewsmentionedthatcurrentwasnot  
flowinginthe direction ofhome sitefrom release site・h our study，the black  
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rockfishesweredisplacedfromlOOO－3500m，about2－7timesas500minMatthews’  
study・Buthomesiteandreleasesitewerealongtheseawal1inourstudy・Matthews  
alsoreportedthatmostofth占copperandquillbackrockBshesneededformorethan15  
daystoretumtOthecapturedsite・Buttwelveoftheblackroc姐shesreleasedatRl  
retumedwithin4daysinourstudy・Theseawal1wasthedirectionofhomesitefrom  
thereleasesiteanqthereyeremanySPeCificrockyareasandartificialstruCtureSaS  
landmarksinthisstudyslte．Thereforetheblackrockfishesmightmigr？tetOtheir  
habitatwithinafewdays・Namely，iftherewouldbethemorelandhl訂ks，man－made  
struCtureandcurrentstothehabitatinthestudysite，theblackrockfishesmightneedto  
returntotheirhabitatinthelesstime．  

h this study，Wefoundtheevidenceofthehomingbehaviorofthe black  
rockfisharoundtheKⅨbland・However，thesimplequestion，パwhatisthecueto  
bome？”isle氏．   

NeⅥ7biotelemetⅣteebnology  

MellasandHaynes（1985）conductedexperimentsto deterrninetheeffectofthree  
tranSmitterattachments suchasextemal，Surgicalandstomachtagontheswi血g  
behaviorofrainbowtroutandsuggestedthatstomachtagglngisthebestmethodof  
transmitterattachment．Mooreetal．（1990）concludedthatintraperitonealimplantation  
hadnosigmificanteffectongrowth，feedingorswimmingbehaviorinjuvemi1eAdantic  
salmon・hthisstudyweconductedsurgicalimplantationintodbdomenofthefishsince  
ourexperimentalperiodswererelativelysolongthatthestomachtagaffectedfeeding・  
Actual1y，theresults ofreservationexperimentoftheblackrockashwithdumny  
tranSmittersshowedthatsurgicalattachmentwasadequate・Inaddition，WeCaughtd）Out  
50Bshescarefu11yandslowlytoreducetemperatureandpressurestress・Weobserved  
noslgnOfembolism，StreSS，OrmOrtalityfromcaptureatdepth・Theimplantationhadno  
signi負canteffectonswimmingbehaviorinappearance，judging丘omobservationfor  
aboutfourdays．Al1fishesdidnotdieduringtheholdingandsurgicalproceduresatthe  
Tajid鮎berycoop・  

Wecouldidentifymanytagged鮎hatthesameplacerespectivelyforalong  
time uslng COded ultrasomic tranSmitters・Thisindicatesthatthe coded ultrasonic  
tranSmitterissuitablefbralongtimetrackingofthetaggedfish・haddition，theVRI  
systemrecordedtheattendanceoftagged鮎hautomatical1y・haword，thesystemis  
suitableforthetrackingofthefishwhichdonotmoveatalargescalewithoutmuch  
manpower・ThecombinationoftheVR28receiversystemandtheVRlreceiversystem  
isapowerfu1tooltoprovideustheusefu1dataincludingpositionofthetaggedfishand  
thetimeoffishattendanCeincertainareas．  
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