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Studiesし1Sil瑠】11jdwater trawla】1dl）1anl；tOllIletSaIldalleChosouIl（始ri11tlleIlOrtberIl  

l）art Of Lake】きiwa showedもIlat ZOOplan王こterS SuCllaSガロd～α♪J抑用ざgα如才1fぐ富‘ぶ，〟βざOC一  

匹擁始抽肛紘痛∴別種融肌闇矧‖雨滴即胴憫釦dヱ）αが‖1～αね才！gヂざがプ彿 gamnlarid or  

．車高明四川…針状＝川侶川rJ〝J（！J．slll・iIllt）（）rJ）r血p〃J■川 ♪〃JHIJ山リJ∫，こ川（l‖sl11こIl・＼・こIC Sしlぐ】1  

as尺ゐぎ捏OgO∂∫‡iざゐ用チ〃1βヱ‘∫，Cゐαβ押OgOカブま£ぶf∫αZαal】d剖庇里両肌肌＝沼毎抽丸I11dergo a  

（1iel＼′ertica】1111gra七ioIli11VarioしIS SeaSO】1S．  

か．か・郎句相川聞a】1dヱ）．ね旦那軽か庖αCOIICerltrate nearいユe SLlrface at nigbt alldiIl  

tile5】20！Ⅵ】ayer duri咽 tlle daytime． Bし1t，110 Clear dielverticallⅥigration was  

Obsel－Vedi】1g．ノα少0プ7～ぐま‘ざ；lnd〟．gαZ‘Cカの・ノダ．Tlle ga】】1111ari（1and sbrilnParedistrまbuted  

ilュde印Water Ofll10re t】1aI130111deptIlillt】1e daytiIne，bし1t tlley CO111e ui）tO tbe  

Sul－facelayer at ni酎1t・Their aduits stay near the bottom during the daytime and  

］n厄ratc to thc111i（l、＼・atCr atI再三IIL The fr）▼a‖d ju＼・Cniles o［．R．bllt（）‖：C（IS a）1（lC．J∫（TヱE）  

also stayed o瓜tlle！）OttO111dL汀i‡1g tbe dayti‡lle aIl（lIl11grate tO t】le111idwater at night－  

Tlle fry ofダ・αJgブぴβJfざiI－】】abitil－g near tl－e bottoml（1uringtbedaytillleSbow allLlpWard  

王－1i那a七io－1tO thel再dwater；lt11ight・Ti】el）Oundary for those vertic乙11111jgra11tS eX呈sts  

iIllOw20m王ayer，t！1er‡l10CliIlein su】れ】】1er，i11Lake fまiwa．  

Keyword臥Illigrat王oIl，eCOlogy  

Variousauthors have documented fragmcntaryinformation ol－diejVCrticalmlgra－  

tioIlOf organismsillLal（e Biwa，e．g．ZOOPla11i宝terS（KIKUC＝19う仇 YAMAMOTO β£ αg．  

1966），Cんαβ雅OgOむ言祝ざ才ぶαZa（Ko8AYÅS㌻‡1andYAMANÅKA1950，NAGOSHj1966，MIU】ミA1966a，  

1966b，TAKAHASHr198り，ダgβCOggOββ祝ざαg£～γβgブぶ（ÅzuMAI964う．Illaddition tlle dielacti－  

itesof Palaemon Paucidens and Rhinogobius brunneu8in the shallow water along  

the beach have been described and related to verticalmigration by MoRI（1939）．  

Tllispaper presentstlユe reSultsof sもudjes of the dielverticalmlgratiollS alld disト  

r・ibut王ons of the organismsinhabiting the offshore waters of Lake Biwa，Carried out  

during the years1974toi97うasl）art Of a study of thelarvalecology ofダ．αg£ブvegブ飢   



Mこl‡くOtO N；lgOSll；  

M血teri礼Is礼n（llⅥet量l（）（1s  

Six cruises，in November1974，February，ApriLJune，August，October】97う，Were  

desi卯ed tol）rO、ride dielseriesof salⅥPles frolⅥtl－e Statio11【－ear TsしIZuraOZakトpoiT－ti】－  

the】10rthernl）art Of Lake Biwa．   

The coucctions of the organismsin each cruisc were made before sunset（J3SS），  

after sunset（ASS），midnight（MN），before sunrise（BSR），after sunrise（ASR），and  

110011（N）dし1ril唱2411rS．   

Thc co11ections of zooplankter were carried out by verticaltow with Kitahara’s  

closillg netWith a－－1eSh ol）e－1il－g OfO・3うⅠユー汀1atイ1ayersofO州う，う川柑・10刷20・aI－d20ⅣⅣ30Il－  

（iel）ths．  

Two kinds of汀1idwater trawlllet Wit‡1‡うOc171i11dialュIeter Of11柑uth wit】10．08 a11d  

O．86mminllleShopenlng，WereuSedforthecollectionsofA籠fざOgα肌肌α？，祝ぶα鶴≠弘光dαgef，  

P．如祝履㈹ふ 薫．わクー祝≠≠β鵬，C．ゴぶ弘之αand♪．仏g£gγβgf8・1「11e VOluIⅥeOfwater，4001113，  

filtercd was determined by RGS flow rneter setatthecenteT Ofthemouth ofthenets・  

These ncts were horizontally towed forうminutes at a speed of 3．6km hr…lat each  

del）tll．   

AJRCecho sounder was used ヒO eXalTline the verticaldistribution aad vertic乙11  

n－1gration of the o－・gallislmS aI－d to ascertain theI〕OSitiol－ Of the towi咽11et u－1der  

Water．  

Resl11ts  

Dielverticaldistributio王ISOfeac】1ZOOI）1ankter，肋dgα♪£0汀乙祝ざブα如彿ブc祝S，肋socプeJoカS  

抱那加げ紘∂g払少九α常0ぶ0γ柁αわクヰαβ九夕祝テq祝Ⅲ，∂αタた常ねgo鶴gg紳才彿α，are preSentediIIF；g・i・   

In the case o仁鋭japo7ticus（Fig．1A），though they are abundant at surface jayer at  

nigiltillAprilal－d seelて1tOITllgrate fro汀Ia deeperはyer to the surfacelayer at  

night，it seems that the dielverticalmlgrationisnot so distinctin thc other seaso鴫  

contray totheprev王ouspapersbyKIKUCトIi（19う0）andYAMAMO’rOβ£αg・（1966），illWllicll  

the】）1a】1ktersnlOVeatl－；ght ul）tOt圭一eSurfacelayer whic圭一they have vacated（沈－■it－g  

tlle（laytil－－ea－－d asa resulttl－e aI－i】malco11CenLratesil－thesurfacelaye－†at night・   

In D．lo7WispiぶPina（Fig．1B）inhabiting thclayer ofless than 20m depth even  

duriIlgthe（1aytimeinJuneandOctobcrnoclearmigratio11Canbcobserved・InAugust，  

mostplanktersseem togo（lowntothedeci）1ayerofmorethan20m del）th and seenl  

to collle up tO the surfacelayer atlligllt．   

The density ofか．抽朗旬耽m朋（Fまg．1C）atthe O肌うm】ayer slightlyiIICreaSeSat night  

a！1（】decreasesi】ュthe daytilT】ein Au酢ISt and October．Tllerefore，t‡1e Pla111くtel■ CO111eS  

ul）tO the surfacelaye】・atl－ight・  

M．leucharLi（Fig．1D）concetratein thelayerdeeperthan20m throughouttheday，  

1〕ut SOlⅥe Of tbelllSeem tO汀】唱rate tOWard tlle Surface】ayer atlligl沈  

勇．仏籠光α≠dαgβブexbibits clear dielverticalllligratioIl（Fig．2）．Mo＄tlar＼7ae Stay   



DielVe王・抽識1Mはl・aじiol10f Zoo！）la11tくtel■S；l11（‡FislllJal・＼′aeiIll〟．a‡くelうiⅥ′a  
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MalくOtO Nagos】1i  
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Fig．2．D毒elclla†lge；n ai⊃undallCe Ofカブiぎざ〝gαナナ川音αプ′7f∫αクノけ1αプl血／βf  

per400In3at eac‡1deI）tll．Stlrface：○岬＝】…｝0，10－－1：0ィふ…岬▼0，  

ち0＝：●  ●．  

below30m de】〕th duringthe daytime andaftersunset they con－e uP tOthe upl〕Crlayer  

lessthal130111deptll．IllNove111ber，just afterthespawlli－－gSeaSO－－（NAIミITA】97軋iⅥa】1y  

gammaridscome up to the surfacelayer at night・From Fcbruary to August，thc pcalこ  

de11Sity of七hejr distribution occursat tl－e30iユー（1ep七h atl－igbt－butl－Oilldiv毒duals con－e  

to the upperlayerlessthan30mi11August・Itis noticcable that the dcllSities are  

highestinearlynight andthcng】■aduallydecreaseut－tilsunriseinsurfacelayerand30m  

del〕th．T‡leCatChby fisl－iIlgtraWl，Isazabiiくトal－－；，Shows c】ea－■1y that the adults staさア  

on thel）OttOITldurj】1g the dayti‡me（NA（コOS川1966）．   

Dielverticalnli酢atiollOfダ．担保Cヂdβ耽Sis presen七edillF；g・う▲ As the si）al＼7niIlg  

seaso11is the period fronlJune to August（HARADA1966），thelarvae are col】＜eCted abu‡1－  

dantly duringthis period・1n au season thclarvae arc distributedbetween surfacc and   



‡）；elVel◆tまcaiMigraヒiollOf Zool）laIllくterS a‡1ぐIFisl】Lal●＼′ae；11Lalくe】うiwa  
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lrig．3．Dielclla咽e jIlabtlIlda11Ce Or タαgαβプラ70〃  Fig．ヰ，1）ielchangei‡labtlnda王1Ce Of忍柚1ひgぴぁ－  

如才iC∫dg，‡ざPer400！n3at eacild印tll．  

Surface：○岬0，10Il＝〔ト…一0，  

■うO111：● ●、  

泡ざ如・‡〟けす紬ざ（A），Cゐα♂ナ10gO∂～2fざgざαZα  

（遵），紺d 剖ぬ脚蛸肌＝況如賄＝C）  

4001了1a at eaCildept】1．Sも1rface：○仰○，  

10Ilユ：こ）w…仙0，う0111：◎肌】川仙川◎．  

301nlayer througl10ut the day． F】■0王11Ju11e tO Augu＄t，111a王Iylarvae rise by11ight  

toward the surface，butillOtber seasoIIS the peak delユSities are ＄hoⅥ7nilliO to 30m  

】．ay即througbou七tIle day．As the ＄hrまm】）grOWn tO adult size stays on the botto】¶，  

they can be caught by a bo七toml：raWlnet（王sazabikiwami）during thc day七ime．The  

；1（1ults come up to thellli（1dlelayer a七SunSet and go gradua11y back七Ot壬Iebot七Om after  

lllidnigbi：（HARÅDA王966）．Therefore，neither they could notl〕e Caug】1ti11the present  

in＼7eStigat；on durlng tlle daytilne．   

1）ieL＼・Cl・tic；1L（listl・ibutiollOllrishlこ17・＼TaC．ノ？．l）］l・（17t．7t．P〃ヾ．（1iべ化＝（L，．a11（lP．（L！（，iuぐIiド  

areitlustratedin‡㌻ig．4J．  

Althougiltbelarvae of兼，わγ祝耽籠β祝S，a bodylength of2．4肌6．9nlm，are distril〕uted  

in al）undallCein O and10m dep七hs during the hour of darkness between sunset and  

Sul汀ise，they dollardly al）l〕eari】1tlle ui〕】〕er】．ayer ofless t】1a1130】11dep抽；n ヒhe（lay－   



M由比血〕N叫都南1i  

tillleiI－1Al〕ril．エ】1June，tヱ1el之IrVae，al）0（】ylengtilOJ二4．ト」3．511川1，COllCe11けateilltile  

し1PI）el・1ayer of t‡1e ther】110Clille（10】】1del沈】1），1〕tlt（lisal）pear from the up】）erlayer durillg  

tlle（1aさ7tillle．1、heÅ咽uStlar＼rae統ay at the deeplaye】■durjl唱t】1e daytiIl】e andco】】1e ul）  

a‡・OuI′1d the therlllOClille at night．  

′rhe fry of age O groul）Of C．料㍑‰ a bo（1yle咽tlュof16．う叫3月，81Tllll，】11igrate to the  

」UNE  

BSS  ASS  MN  BSR  ASR  N  

AUGUST  

30・  

BSS  ASS  MN  BSR  ASR  N   



Die‡Uel・ticalMigl疇ilt；0！10r Zool）1a！1tミt別・S al】（lドisllIJal▲＼raeillIJalくe捌Ⅵ′；1  

FEBRUARY  

BSS  ASS  MN  BSR  ASR  N  

APRIL  

BSS  ASS  MN  BSR  ASR  N  

Fig．5．Diell・ecOrds of ec‡10SOu11derl）et＼Vee！10¶う0け】del）t‡1i11eaCll】110ntIl．1きSS：1）efore  

SLlnSet，ASS：aftel・SuIISet，MN：】11i（lnigllt，BSR：I）efol－e＋Sunr王se，ASlモ：after  

St＝rise，N：IlOOll．   



Mal用tO Na那Slli  

0血iOmlayer at night and some stayaroundthcthermoclineduringthedaytime．Trawl－  

1ng Of the fish by fisherlne11，thereねre，is coIiducted by a bottom trawlnet，Isazか  

bikトami，Only during the daytま王ne，Tbe adult＄ Of agelgroup，a bodylengtb of  

4・1・6血58・2mm，Were COllected aもtbelO】11deptb at nigbt（MN），at the30m depth before  

Sunrise（BSR）and aも1100n（N）．Tbe vertまcalmまgration of the fishis found alsoillthe  

Otl－Cr SeaSOllS．SillCC thc fjsh arc collectc（li11thc mi（l＼＼▼atCl・la）▼CllOnly at】1iflht．  

Tbe fryofダ．αJ£言γβgブβ，a bodyleIlgt‡10f4．8山43．5汀11Ⅵ，are Obtaiiled from thelayer  

betweerlSurface and30m depth only a七 night durling October to February but thcy  

（1isal）Peallft■0】11thelayer（lurillg the〔1ayti】11C．  

The echo sounder was used to examille tlle distributまon a11d verticalm噌ration of  

ZOOplankters and fisb as alVhole o！1eaCllCruise．Ty】〕icalexam】）1e＄Of echo recolて1are  

Showllin Fig．5a紬b．  

Thcrcis a cleat・tllern10Cli11CinJunc a11（lÅし唱uSじ．111JullC，CIcar sl11allilll叩CSこIre  

densely distributd around the thermocline（15m depth around）evenin the daytime．  

The catch of verticalhauls of tbe net proved that thesei‡ⅥageS We‘re沈e zoo王）1．aIlkters．  

Thelargeimages of gammarid，Shrimp and fishlarvae are recorded aroun（lthe ther－  

mocline at night，but theimage8ar・e not found around thislayer duTing the〔laytime．  

In August，though thela柑eilll咽eS COllCentrate uIlder t王1e t王1erlllOCline（20m depth  

aroun〔1）（1uring the〔laytiIllC、they arc scattere〔1to、、▼ar〔1s thc surface at11ight．TlleS  

im昭eS Were即0Vedto coⅣeSpOlld to the catcbesof gamiⅥar軋 s王Iri王1叩，Snd t壬Ielarvae  

Of C．gβαZαand虎．わァ・祝常？もβ祝S by midwatertrawling．TheupwarpallddowllWard1110Ve－  

1一一entS Of the orga11islllS、、，erC also obscl・＼！C（lin the e＼▼enillg an（latll101・ni咽 t＼＼ril転htl）y  

ecbo sounder．   

Iilgeneraま，these】■esuまts of echo soull血r agree wellwまもh tlle abo＼rel11elltiolle〔l  

results of七he dielverticalmlgration of zooplankter＄，ShTimp and fishesinvestigated  

rronltllC Snlnl）le ofl）lankton all（1tra＼Vl11etS，  

piseussion  

The dielverticalmlgTations of zooplankters have been presented dy manyiilVC－  

Stiga七OrS．About tbe presellt four ＄peCies‡くIKUC吏・＝（19う0）and YAMAMOTO β£ αJ．（1966）  

reported dまelverticalmlgrationin the upperlayer ofless tllan 20111depthi‡lLalくe  

lうi、、1a．ⅠIltllel）rCSC11ti11、▼eStigatio11，it、、′aS reCO脚1izc〔1illL）．E）1’（L（車りげJ川1an（lL）．！√川g－  

iバPi7t：（L．butllOtill打．j（L♪「用i‖（JaIl（l。V．／川ぐh（Ll・！・irol－l■OudlSa1111）lings．  

On the colltrary，rather clear dielve】・ticallll唱1－atio王1S are reCOgnlZedl）y the p‡－eSe王1t  

investigationilllarger speciesin size，SuCh as a gammarid，a Shrimp and fishes．  

YAMAMOTO et al．（1966）provides the data suggesting the existence of dielverticalmig－  

ration of A．a7mandaleiin Lake Biwa，The gammarid comes upwardin the evening  

alld goe＄dow11gradually to tbe morllll唱七Wilight．  

Thereis no report ollthe diel＼7erticallTligratiollS Ofダ．如祝Cgde耽S and月．むナ・㍑？l光一  

飢るS，butit seeInS tO be clear frolllthe results of tlleI）reSellt Study tl旭t theyilligrate   



D沌1VerticaIMigratioIl（）f Zool）1aIll（terS a11d FisllL；lr＼ra（∋i11lJake】iiwこl  

frol11a deeperlaye】－tOWards the＄urfacelayer at nig‡lt．MoRl（19う9）reports that tileSe  

Shrimp and fish show high feeding activity at night and H＾RADÅ（1966）and MJURA eL  

仏J．（1966）state thatl〕OtilShri王Ⅵp a11d fisb feed ollZOO】）1alllくterS Offshoreill】Jalくe‡うiwa，  

SO that the dielverticalmlgration towards the upperlayer containing abundant zoo－  

7）1ankters at night王s advantageous for the mlgrantS．  

According to：Ko弘YASm aIl（1YAMANAKA（l粥0）a王1d NÅGOSm（1966），botlljuve11ile  

and adult of C．isazαdisplay〔まielverticalmigrationi11Lake Biwa：they stay on the  

bottom（1ceper than30m depth during the daytime and come up near the surfacc at  

lligbt．However，base（lo11tlle preSent Study，nlOSt fish collle up tO tbelO〉】－30Illlayer  

frollltbelayer of more tha王130min tbe evenir将．  

Altl10ugh thelarvae o仁た（油琉粕漬，a bodylength ofless tba11401Ⅵ111，iilbabit t】ュe  

layerllear tbe bottolllin tlle day冒nle，tbey co】11e uP tO the upperlayer atlligh七i】〕  

Lake Biwa（AzuMA1964）．But，itis considered that mostlarvac coIICentrate at the  

ほト201Tllayer at night froIm this stu（1y．   

Itis cons毒dered that as the primary production of七he upperlayer ofless than10m  

depth，thermocline，is considerably highin Lake Biwa（NÅKANISHlt975）and abundant  

zooplankters are distributedillthelayer ofless than20m depth，A．annandalei，P．  

♪（川（：i（lp7日atl（lthelar＼・aC Orl？．／）71E（）Z1［（u（”ヾ．J～．［．ヾrL：（L all（1l）．（L！／：il：Cliバ COlllCしIl）tO tllis  

layer to feed on the plallkter8．  

The zoo】）1ankters show a verticallTl将ratio！1in thelayer ofless than 20m depth，  

Wllile gaIⅥ111arid，Shrま11叩aild fishlar＼′ae Show the mlgratiollilltbelayer deeper thall  

10m depth．Therefore，the boundary for those veTt；calmlgrantS eXistsin the10仙20m  

layeri11relation to the avoidance of predators and food availability．  

Sul11汀ほぃ・y  

l．To discover the dまelvertまcalm唱rations of zooplankte】・，ga王11Illarid，ShriITll），a王1d   

rishlar＼・a．thc＼・Crtical〔listt・ibutions of］；0（ti（LPL（）HLILLH j（LIP（）／）Li（・］（J．仙，T”（！Jl（：l（）かl（リ（（・か   

αサー紘 βねj兢α穐0ぶ0ガ乙αわブルαC九プ祝ナ†祝肌，ガα〆川gαgO†ばね〆籠α，A？乙才ざOg（ふⅢ机α†◆祝ざα光7とα耽か   

㍍紘」甑ね献酬硯か㍑止血那，and thelarvae of忍んわ乙OgOわわ↓Sわヶ・肌籠β祝S，C加β鶴OgOわざ祝8   

gsαZα，and夕飯以ぼわ胤摘ぶ払抽毎扉ねwere allalyzed on the basis of the catc】1eS made by   

plankton and midwater tr・awl11etS and of records of an echo 80underin Lakc13iwa   

from 王974 to197う．  

2．D．brachyurum and D．longispina showed a dielverticalmigrationin the range  

l）etWeen Surface alld 20m deptb，but thellllgration Ⅵ7aS 王10t Clearly recognizedill   

〃．伍♪りけJ川．ヾall〔1J†J．J川（：血7、／，、∴  

う．．l．（川〉l（Llld（L！（！ian（1J）．p（川（ヲi（I（川＄Sho、、・C（la（licl、・Cl・ticall11厄一■atiol－bcい、・CCn tllC S   

ぬce alld tbe bottoITlOr a depth of n10re thal130m througllOut tlユe year．  

4・．Diel＼7ertical1111grations of fishlarvae were recognizedillthe rar】ge betweeIltbe   

surface all（1thd bottoITl．  

う．ThelO…20mlayer，thermoclnein summerL，forms the boundary for verticalmig－   

ralltS．   
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