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Synopsis  

Theg・rOWthofthree－SPinedstickleback，Gasterosteusaculealus，WaSeXamined  

inもhe poollaboratory experiment under naturalcondiもions as possible from  

March1981to December柑83．   

0nanaverage，theもhree－Spinedsもicklebackgrewabouも50mmSLノンrandthere－  

afterthegrowもhslowed．Thefishreachedadultsize45mm by theinitialwinもer．  

The adults almost died afterspawningand only one fまsh had a maximumlire  

SpanOfayearandもenmonthsanda maximumsize or64．8mm SL．Thegrowth  

inlength was very similar between1981and1982year class，でhe most rapid  

growthinlen釦h occurred during May toJuly．でhe fish matured atlO－12  

monもhs，and probablylived no morethan2years．Mostof the rishlivedト1．5  

years and did notlive throughもhe second winter．The fish presumably died  

Shortlyaぎtercompleting抽eirspawningac信vities，POSSiblyasaresulもOfphysi・  

0loglCalexhaustion．Asma11number ofemaciatedindividuals was taken after  
the second summer．   

Oftbree equaもions，Bertalanrfy，Gompertz and Logisもic growth curves，the  

Gomp訂もzequationgenerallygavethemostsatまsfacもOryreSu鉦   

Thegrowth rateofJapanese population wascomparableも0もhat or theぎish  

in South England，Northwest England，mid Wales and Alaska，and the an色か  

romc｝uSPOPulationsintheNetherland andJapan．L，eiurLLSSticklebackinJapan  

WaS：nea∫1ylargerin growもh r8．もethan any七hree－Spined stickleback populatiorl  

in other counもries．  

Keywords：GrowれMaturまtySize，Three－SPinedStickleback  

lntroduction  

The three－SPined sticklebacl（，Gasterosteus aculeatus，has received some attention and a  

comprehensive oぎthQ grOWもhin Europe Uones and Hynes，1950；Mulユem and Vluれ1964；   
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Mullem，1967；Mann，197】．；Pel川yCuik，1971；Wootton，1976；Wootton，EvansandMills．1978；  

AlienandWootton，1982a，1982b）andNorthAmerica炬reenbankandNelson，1959；McPhail，  

1977）．However，in Asiaarea，therewasonlyabrief report on thcgrowth of the anadro－  

mousthre¢－Spinedstickleback（Nakamura，1974）．   

Thepresentstudy provides asize at rnaturity andg・rOWth ofthclandlocked three－SPined  

Stickleback which has been rearedin the artificialpooifor three years．Among the fresh－  

WaterpOPulation，th8JapanesefishislargerirlgrOWthratethanthealienfish．でbe results  

Were attemptedto beexplained by thedi洋ererlCeinllabitatenvironment．   

In general，the freshwatcr type whichis probabiy derived from the anadromous typeis  

Smallerinbody sizethantheanadromoustype．Srrlallsize oぎthefresllWater typeeXamined  

in thisstudyisnotcausedbyshorterlifespanowlI唱tO bothlargergrowth rateand faster  

CeaSlng Of growlng uP．This dwarfism might have correlated with ecologlCalconditions  

Oぎnaturalhabiもatand thehistoricalproblem orlandlocまくed period．  

Materia［s and methods  

The experiments were performedin aconcrete rectangular pool（1．3m x7．5m，0．2min  

depth）underoutsidenaturalconditions（wat¢r tempQrature，photoperiod and rood supply）  

from March1981toDecember1983（Fig．1）．ThepooIwas filled with waterfrom a moun－  

Fig．1．Outsiderearingpoolmadeorconcrete．  

tainstreamevery time，and has awaterdepth ranglng18～23cm and slow flow of under20cm  

／sec．Bottomsubstratumwasslightlysandymud（1－2cmdeep）andflatrelief．Aquaticvegew  

tation（ggodeα花昆㍑αggZ and穐励搬＝脚症鉱油）was sparsely placed．Fig．2shows the  

annualrluctuation of water temperature of the poolduringlg81to1982．でhe temperature  

did notbecomeover20℃eveninsummerand below5OCin winter，Which corresponded to  

therangein theirnaturalhabitat，，In May andOctoberofeach year，thewatertemperature  

became15℃，th¢Same aS the field water areas whereもhe subj¢Ct fishinhabits，The day  

lengthapproximatelychangesbet椚On9hrsand14．5hrsthrouかtheyear（Fi臥2）．   

Th母君ishexaminedinthisstudy wereobtained壬tromtheYamayoke river，Gifu Prefecture  

inCentralJapan（Mori，1984，1985）．Theybelongedtothege∠㍑r㍑ぶ（low－Plaもed morph）．rrhe   
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Fig．2．Theyearlyfluctuaもionofwatertemperature（W／r・）andphotoperiod  
（D．L．）inthepool，Thchorizontallineshowsもhemeanwaterもemper－  

atureofspring－area．  

fishhavebee！lr組redまntheexpeltimenthlpooIsまnce1978andhavelivedinanormalmanneI、  

withalternationofgenerations・Sothatitisassumed thaもenoughfood has beensupplied  

to maintainthefishpopulationorthepool・   

Bef。retheexaminationwasstarted，thefishrearedsofarwerecompletelyexcludedfrom  

thepool．Then，27adultfish（10male；1日emale）wereintroducedinもhe poolon March  

2】th1981．TheyhavespawnedfromApTiltomidJune・To examinegrowth of the fish・  

167progenyhatchodfromthreenestsinJuれe6－11th1981，and140fryfro汀Ithreeclutches  

producedby198iyear・山ClassinAprillO－12th1982，Wereutilizedtorearinthepool・   

ThesamplemeasuI－ementSOfthebodylength購reinregardtomorethan20fishcollecレ  

edwithas汀1aユ1seinenetonceortwicea month from theirhatch out timeuntilthebreed－  

1ngSeaSOn．ThebodylenかhwasmeasuredtoもhenearestO・1m勘ti－entlleダishwerer飢urned  

toLhepool．凱erymonもhfromJanuary，IcountQdeachnumberorlivi咽al－ddeadormiss－  

1r唱fishes．  

Results  

MaturitY Size   

Malesandfemalesmaturedataboutthesam¢Sizethouかfemaiesweresomewhatlarger  

inameanbodylengththanmales．Therewasnod¢finitedifference（p＞0・05）betweenmales  

andfemalesexceptthatseveralfemaleswerebotholderandlargerthan anymales・Most   
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fQmalesweresexuallymatureat45用m S工」（standardlengthニbodylen離h）．Althouかthe  

Smailestfemalewithmatureovawas43mm，thema30rityoffemalesdidnothavematureova  

unti145mmSL・Thebreedingcolouredmalewithanestwas47mm SLinthesmallestbody  

len離h．  

Growthinlengthandsurvival   

Hatchedlarvae6－7mmSL（6・55mminameanlength）canattainalengthofabout15・mm  

Withinonemonthofhatching・Thefishgrew upto45mmSIJWithoverl・2gramin weight  

inahalfyearbeforewinter（Fig・3）Therewasaincrementof5mmduringwinter．Atearly  
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Fig－ 3・Growもhrecordedaもapproximately4weeklyintervalsofthe  

three－SPinedsticklebackborninJune1981andApril1982．  

Theverticallinesshowthera咽eOrbodyleng・th．  

br8edingperiod（Aprilandmid－May），thefishof1981and1982birthachieved48．2mmand  

49・1m恥reSpeCtjvely．Thefishhadameanlengthof about50mm atもh¢end oftheirfirst  

yearoflife・Theseresultsofgrowthagreedwithmoststudiesthatthereisagradualdeerease  

ingrowthrateoffishwithincreasingsize（Bertalanffy，1957；Jobling，1983）．   

GrowthcurvQSOfthe1981and1982yearclassw即OCOmparedinFig．3．Bothfishesof  

1981and1982yearclassdeclinedingrowthratefromNovemberranglngfromlO℃to150c  

in temperaもure・Th野increased alittle and grewin sprlng Of the followlng y¢ar and，  

at th¢Same time，enterQd the br¢¢di咽period・In8aCh breeding period of three years，  

mortalitysomewhatdecreased・Afterthebreedingseason，thoughtherewasalargemortalト   
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Fig．4 Mortalityandbreedingseasonoぎeachthreeyear．でwoarrowsindicate  
thetimewhenthefrywaspickeduptouもilizeinthisexp即imenも．   

ty，afewofthoseremaininghaveexperiencedtwosummersand／ortwo winters（Fig・4）・  

Afemalefishof1981year－Classlivedabout22monthsandandreached64，8mminbodylen離h・  

Thisfishmaturedinthesecond spmngalso，butIdo not know whethershespawned ornot  

duringthesecondbreedingseason．   

Usua11y，the three・Spined stickleback had alife－SPan Of year and a few months・The  

growtbpatternoflongerlivingfishslowedupinthesecondsummerand／orautumnofslユC－  

CeSSiveyears．  

Growth models   

AccoordingtotheWalfordlineswhichis drawn up on the basis of thegrowth of first  

year，thegrowthcurvesofvon‡∋ertaianffy，GomperもzandLogisticweredesignedinFig・5  

（Berもalanffy，柑57；Allen，1966；Ricklefs，1967；Ricker，1979）．TheseQquationswere：  

vonBertalanfぎy：59．d2（1血e‾0・！お…胤t ）   
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円g．5．Growth curves ploもted from each  

equation ror the von Berもalanf丹，  

Gompertz and Logistic functions．  
These equations were6hownin the  
text．The dotsミ；how the value ob－  

SerVedinthisstudy．  Age 箋n Mont「l  

GomperもZ：52．77e－2－O183e‾‾0潤一  

46．55  
Logistic   

1＋5．4078e‾0・8g轍  

Ofthreeequations，GompQrtZgrOWthcurvebestfixedtherelationshipbetweenageinmonth  

（t）andbodylengthsincelogarithmicvaluewasmostlystraightplottedintheⅥ7aばordlin臥  

Curves were fittedby uslng mean back－Calculturedlength at age．The maximumlength  

expected fTOmeaCh equation was59．42mm，52．77mm（the fittest to the examined value）and  

46．56m恥reSpeCtively．  

Discussion  

Comparison toOther／e／uruspopulation   

During theぎirst autumn orwinter，the fish from the Yamayoke river attained a mean  

length of45mm SLin about7－8months．In contrast，the frcshwater sticlく1ebacksin South  

Englafld（Mann，1971）andin mid Wales（Allen and Wootton，1982b）werelessin mean  

（below45mm）andmaximumlength thanJapanesepopulationthou如muchmoresimilarto  

alifespan ofa year and some months．Although the two English popuiations differedin  

thegrowth rate to each other，both of them stoppedincreaslngtheirg・rOWth from threeto  

ei抽tmonthsafterhatching andin the fo1lowing spri咽began toincrease喝ain（Fig．6）．  

Thismay havebeenthouが1tOfasakind ofcompensationfunction．   

Throu如out thegrowi咽Period（May to September）in theぎirst year of hatchi咽，the  

growth rateofleiuTuSlivingintwolakesonKodiakisland，Alaska（Greenbank and Nelson，  

1959）was similar to that ofJapanese ggZ混㌻以ぶ．Alaskaぬ加・罷ぶ，however，almosもCeaSeSin・・  

CreaSingitsgrowth duringautumn and winter，arldmostsurvivesa further year（up to and   
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Fig．6．Comparisonofgrowthwithpopulationofalienthree－SPinedsもickleback4  

Thelineshowgrowもhforpopulationofthefollowinglocalities：a，g♂∠昆㌻比丘  

orthepresentstudy；b，ge£㍑r混ざinSouth三三ngland（Mann，1971）；C，Zeよ昆「混ざin  
Northwest England（Jones and fiynes，1950）；d，ge£㍑r㍑gin Bare Lake，  

Alaska；e，ge～比用SinKarlukLake，Alaska（GreenbankandNelson，1959）；  
r；もheanadromous（frαCんαr比β）fishinthecoasもOrJapanSea（Nakamura，  

1974）．   

aquarteryears）andrangesinlengthfrom45mmto65mm（maximumlengthineachlakeis  

69mmand78mmSL，Fig．6）．Theyspawnattheageoroneortwoyears・  

In thelaboraもOryWiththetemperaturemaintainedatabout20℃andgood food supply  
（Mullem，1967），leiurLLSSticklcbackfromtheNetherlandscangrowtoalerlgthofabout17  

within30daysof hatchingand attain over50mminlength for6months（measured total  
l孤離h：tipofsnouttoendoftailofthefish）・Thishまgh rateissimilartotheresultof  

thepr¢SentStudy．   

Thegrowthrateoflengthinthisstudywasgreaterthanthatfoundbyth¢fore唱nWOrk－  

ers・SuchgrowthandmaturationinJapanesepopulationmaybeinfluencedbyvariationsin  

foodsupply，thedaylength，thewatertemperatureandthespecialhistorythat each popu－  

1ation hasgenetica11y experienced・In otl－er WOrds，amOngSticklQback populations thQreis  

considerablevariationingrowthpattorn，Whichisduetodifferencesinraceorenvironmental  
conditions．  

‡twasevidentthatfewfishlivedforverylongafterspawnまnginJuneattheendoftheir  

firstyear．Nosticklebackmorethan2yearsoldwasrecordcdatanyofyearsinthepresent  
study．Thisagrecd withthefindings of Heuts（1947），Mullem and Vlugh（1964），Mann  

（1971），Woottonetal．，（1978）andAllonandWoptton（1982b），WhileJonesand王うynes（1950），   
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Greenbank and Nelson（1959）and Pennycuik（1971）found the fish couldlive for up to a  

rangeof2－4years・ThelargesizQ OfJapanese gg；㍑ruぶis probably a reど1ecもion of a higher  

growthrate，andnotofalong・erSpanOflif臥   

Mori（1g87）reported，howev即，theexceptionallylargefishof85．1mmin a maximum  

lengthwithinmorethan400adult samples of thelandlocked three－SPined stickleback（leiuA  

rusform）co11ectedin theSohya stream，ShigaPrefecture，Where theenvironment differed  

fromthesamplelocalityofぎishcollectedandutilizedinth¢preSentSurVey．でhislargefish  

has probablylived atleast for2years，POSSibly3years．With the exception of the above  

lal、ge fish，We Can COnClude here at any rate that the freshwater typeinJapan generally  

hasfastergrowingandmaturl喝，ther組ども即uSuallydieoutbefore2yearsold．   

Comparisontothe anadromoustype   

Thereis anidea about that the freshwater typeis probably alandlocked fiれwhich  

derivedfromtheanadromoustype，andbecomeaindependentspecies（Hagen，1967；McPhail  

andHay，1983；Morま，1987，inpress）．Therefore，eaChdifferenceingrowthrateandl¢n離h  

a maturity of the three－SPined stickleback population must be considered on carefulcom－  

Parisonb如weentheanadromous（repres¢ntedとrαCた㍑r㍑ぶform）andtllefreshwaもer（repres細ted  

£rαC加rα£andねZ㍑r昆ぷform）typesaswelユasbetwe¢nth¢localities．   

MullemandVlugも（1964）providedtheag¢andthegrowthortheanadromousstickleback  

with mixed population（とrαC允昆㌻揖，ぶemgαmα£㍑ぶand ge£αr㍑ぶrOrm）from the Netherlands．  

They reportedfromfi¢1d observationthaもthesticklebacklives thelife span ofly8ar and  

about4months，andreachesameanlengthofabout60mmintotallengthforoneyear，Wiもh  

arangefrom42mmto85mm．Thegrowth rateofもhefreshwatersticklebackin thepresent  

Study was alrnost the same as that of the Netherlands population untillO months after  

hatchi咽，COnSideringthatMuユ1emandVlu離measuredthetotaま1ength．   

AIso，in thelaboratory e叩eriments，the anadromous rish from the coast ofJapan Sea  

growsin size as the freshwater typ8untilfive to six months from the time of hatching，  

ther陀fter，COn七rastto thefreshwatertype，COntinuedtoincr飽Sethebodysizeupto65mm  

to70mmSLfor9tolOmonthsbyalmostthesarneg・rOWthratetillthen（Nakamura，1974）．  

Actually，theanadromoustyperaまsedintothefreshwa七erareaofJapan grewup to a range  

of70－85mmSL（Mori，inpress）一   

Theanadl、OmOuSfish（£rαCゐ㍑r㍑ぶform）aregenerallyla柑Qrthanthefreshwatertypere－  

卵rdlessoftheirlifespan（Heu七S，1947；、hnesandHynes，1950；H昭en，1967）Thisdwarfism  

inthefreshwaterfish might haverelated to conditiorlS Of food supply，food web，OSmOtic  

PreSSure and the fまuctuation of waもer temperature between the marine and the freshwater  

environments，andrurth即thelandlocked processortime．   
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