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    11ie present account of the cliuri}al initg'ration ot' planktbn is bttsed

upon occasional survey$ carried on (luring ig2s-ig2c), in eigrht lal<es

of niidclleJ,apan. Six of th{Nse are fresl) xvater lal<es, one is of brack'isli

xvater andi tlie last is of' sea-Nvater ancl is clo.sely conne,ctecl xvith the

Japan 'Sec'L by nietuis of a. s.inall'Åëc'tnal.

    'I-he pliysical fetttures of the lal<es are .triN'en in ;1'able i ::i`
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    In all the lal<es, the teinperature, the oxygen content ancl the

hydro..o'en-ion concentration of the w• ckter were nieasuyecl on the saine

clay as the catches of planl<ton wei'e inade, The content oÅí chlorine

and hyclrofren sulphide were cleterniinecl in the cases of I..al<e Suigetu

aRd I.al<e Imlirug,a. The results are given in rrables 2-g:

                          TABLE 2
               Lal<e Ina (Lake )vlatubara). Au.c•rtist 23, I927

Depth Teiiip. Oxygen
(m> (eC) (ccl]) (%)

pI-I

o 23.2 5•74 Iol 6.8

2 21.5 .i-8g IOO 6.7

3 2o.8 S•9I l'OO •6.6

5 i9•4 5•-OS 83 6.S

6 l7.2 2.52 49 6.4

7•S 14•9 I.52 23 6.4

r.ake

 TABLE 3
Aoki. Aug,ust 2o, l927

Depth '.VeMP•
OxysJell

plI
(iU) <oC) <ccll) (%>

•- ww.....-.- t...t............................

o 2S.l 5•4c) I03 7.l

2• 2S.O ww m 7.I

s 24,8 s.62 IOS 7.2

8 I8.2 - . 7.2

IO i5•S 8.2S u6 7.2

I2• io.8 - -• 7.2

IS io.6 8.6c) I21 7•l

20 9.t] 7•7S I07 6.g

2S 9•I - - 6.8

3o ,g,6 7•2S 97• 6.7

,i,g 8.3 6.7t) go' 6.6
'
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        [rABLE 4
I.al{e Nakat"na. "X!i(.rust I6, Ig25
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'i: CVhe obsÅëvvatioiis xvere nia(lc hy l<. SU(/i,"VA1<A ancl S. Yor,uttivR,s,
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            TABLE 9
    Lake }'Iiru.cra. September i8, Ig26
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    To coilect planl<ton fironi various deptlis, about 'fifty ]iters of xxTater

xvere puinpecl up throu.o'h a hose ancl st;'ainecl tlirough a silk net.. It

tool< s'o.me thirty minutes to mal<e a series. of catches. The first series

of catciies xxras inade at i p.ni. or not later than 2 p.m. in oi'der to

deterniine• tlie vertical di.gtriblltion of planl<ton in the. daytinie and then

tlie folloxvinf.r series xvere nia.cle tLt various intervals ti}roughout that

nif..Tht. All the planl<tonts iR each catch xvere ex- aininecl and counted

afteir they xvere brotight bacl< to the laborator3r. In this xx'ay the

chang'e iR the vertical clistribution of planl<ton at various ti;nes in Et

day were studic(1. To cleterniine the inaxknuni abundance of planl<ton

on tlie surface, stirface catches xvere niacle at. intervals of aR l}our or

halÅí an hour throtigliout a day and a nig-ht in I.ake I<. izal<i ancl ]'.al<e

I-Iiruga,

    In order to fincl the error ititvolxred iiit iisinsr tliLe pLunp nLethocl,

txventyfive trial catches of plankton xvere made at the sa. nie place and

froni the saine clepth in 'Lal<e Biwa, which tool< about fifty minutes.

.if-X.11 the copepocls in them were countecl and tl?e results were as .follo"'s :
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28s, 275, 250, 2'/'O, 305, 300, 240, 26s, 2sO. 285, 2ss, 245, 220., 28s,

26s, 3?s, 26s, 2is, 3gg, 26o, 28s, :)so, 2go, 24s a,nd 2-,s. The num-

1)ers rang'e from 2is to 3go, xvitli 282 as the mean. Tlie probal)le

error comptitocl is Å}r)6, or Å}i396 of tlie mean.

    In the folloxvin..(.)' table is inclicated the nuniber of indiviclual.s in

eacli lite.r o'f K/ ate.r. XVhen only a fe"r inclivicluals Nxre..re present in a

catch, the nunibe.r per fifty liters of xxTater are giveti in 1]rackcts.

    MAXIMUM NUMBER OF PLANKTON-CRUSTACEA
                    ON THE SURFACE

    In order to ascertain whother tlie plankton reaclies thc maximum

abundance at the stirface shortly before s,unrise, as was observed by

BLANc, FoRDycE and FuHpN."tANN, or in the early par.t. of the night aLs

has been shoxvn by some rece.nt investig- ators, or further whetheg some

species come up to the surface twice, at dawn Etid at dusk, leaxring-

the surface layer during both the day and the night, as was stated by

II<uTTNER, it was necessarv to make the surface collect'ion at various

times of dav.

/gg,o li,il/,pt"Z"Ay21/i.M k,k.
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                 Tlie Diitrna2 A4i.cri'atibn of lmtJeton r):)

    IFi;g. i ancl Tal)le io show the cliurnal chEuige iR th{>. number of

indiviclual platikt.onts on the. surface o{' lr.ake I<.izal<i oR tX..u/,..,rust 6--7,

I929. T})efOre eX,1111illill.O' t]le. CUrVeS it iS lleCe$SE I'y tO 1)e,11` ill lllillcl

the time at "wliich the. illumina.tion chang}-ed. :D..uring'r the day tl)e s. tin

shone bris.rhtly. In tho. o.venin.v' the. Ii.ght gt'acluall.xr faclecl until the

$un sanl< beyoncl the ino.untains at s.3o pnn. rJ-1)e true sunse.t xvas

at 6.3o p.na. A. fter $uRset the light intensity clecreased sudclenly ancl

it xvas darkr at 8 I).in. "There xvas no niooR ail throug'h tlie ni.ght. ALt

Ll. a.m. the eastc.rn sky began to glo"r anci at s ci;in. tlae sun rose,.

2X.t s.r)o a.m. the sLin thre"r its first beam upon tlie ial<e. .

    From these clescriptions it is clcar that the-t'e were three periods

of chang'e in the intensit.v of sunlight: (r) in the eve-ninsr xvhen tlie

.sun sank beyoncl the niountaiRs, (2) at clusl< ai}d (3) at clftc xvn. In,tlio

curves it is apparent that tl}e upward mi.o'ration nf the t.)lankton took

place xvhen the ilhiminatlon ch:tnged. At the first period (i) of changre

iR illuniinat.ioii, the. nEiiplius of D!?7•?5Xon2.2ts, rs'osvn:no?Ssilg and l•'o(.v)b12('-

•in.us appeare.cl at the. sttrfac.e.. [Later the.re cppcared in theni a tendenc.y

to leave the s"rface. At the secnncl period (2), there xvas the nia3<j'-

niuni abundance of the na,uplius aticl the tadults of l)!?r)tSlonn!s, .l)'os-

'i7u' no?fisi:g and C.i,cloPs. Then aftor io p.ni. tl}e nunib. er of tlie Crustacea

suc!denly decreased ancl ftt :).c)o tL.in. i.e. shortly beÅío. re {laxvn,. the

fewest were founcl. Clrhe inaxiintim al)undance. for Di(rP/ur,noso77xa• .in(1

soRie rotif"ers ivas attained l.)efore •]]iiclni.grht ancl great nuinbe.rs xxre.re

obt,ainecl throughout the ni.g.ht, At the third periocl (c)), ,Bos7n-!'noh.s!:s',

7'ol-.ii)61ieinus, Clyt'ZofSs aRd the nauplius of 1)i?7f5Zo7n.us canic up to the.

sttrface. The na, Rplitis of 1)inPtonitts and l9osmt72oPsi3 had three nixt xi--

inal periods ancl C:ycZo)6s ancl /)ol-.vplu'7n.2ts too. The migrations of

theso specics tlierefore belon.o- to the category of wliat is callecl

"Xie,lli:.o'ltX •iit;xi,o'ra•!•Zoii " ancl seo.m to ,aÅíford ..o'ood eviclenc.e that tlieir

claily verticai inigrations xvere clue larg'ely to the change .in tiie int'en-

s,ity oÅí $unlig'ht. I)laPXomifs, l.)i?rPftaviosoma•, LcPXodora, /ki?i7'a•ea• at Bcl

                                                       '/)Z.oi'soma, on the contrary, had oRly one maxinial periocl, so that they

a,f.]forcl exaniple.s of " uo(rXitrn.a,l v"l.o'rnf•Xibil." .S.iuch variatrion ilt fi'e(lticuicy
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                        '
of appearance on the surface seems to be closely related to the clepth

to xvhich p.lanl<to. nts cleseend in the clayli.o.-ht, since the a, niinaiis distribu-

ted in the hig'her levels during tlie da.ytinie h,ave thi'ee maxiin[L xvhile

ti)ose foimcl in the cleeper strata liave t'svo maxiina or only one.

                                   s.    Tke f.acts observ•ed in 1'.f•tl<e .I.<iz:ki. in txvo summe-rs., ig2s aRcl

ig2-1, ai'e in ag'rreenient xvith the aboxre-nie.i)tionecl data. 'f.n Lal<e IBixvt• ,

T.ake LiSLokl and ILal<e, Neziri, althou.,c,,)'l] there xxrou-e soine differences in

the, mif,,),'ratio.n, tlte Ii)eriozl xyrhen tlie niaxin'imn numl)er of Clyustacea

"ras founcl on the s"rfae.e was in o.ach caso beS,ore inidnitght. In ILcke

Sui.o.'etu, on the other hancl, t'lie maximum abunclance for the CrHstacea

xvas noted before claxvn.

    '.rho difference. in the diurnal niigration of a(.lultf , ccpepoclicls and.

nanplii of IJ)i?rf51oni?fs xvas g.tudied. Dtu'inLg' the claytiine sniall niun-

bers of nauplius xvere .found on the surfaco whilo !i>oth the copepodicls

aiid the aclults vacatecl that level. In the evening- the nuniber of the

nauplius ..o'raclually increased iintil the first pe,r.ioc! of. niaximuni abun-

dance was att;Linecl a few hours befoye stmset, xvliile the copepo. clicls

first appearec! near the surface at 7.3o p.m. and the adults at. 8.3o

p.ni.. In tl}e niQrniRg, the aclults left the surface at (l a.n3. xxThen the

eas. tern sl<y began to g'loxv, xxrhile cx fexxr ccpepoclicls remained there

till Lv.r)o a.m. Tl}e nauplii xverc still found at 8.oo a.ni. Tl}e c!ata

obtained in this ].al<e in ig2t") ancl ig27 as "rell as in ]'.al<e Bixva caticl

]Lake .4Lol<i sho"r that the. young'er the forms the iiearer tl}o surface.

they arc dls, tribtked durin..o' t'he cl ay as far as D/lrP!oin7ts is. concerned.

(11"(ables i2, ir) ai}d i4)

    BipyGF., .BuRci<i-iApND'r ancl JuDAy macle similat observations on the

different stag'es ot' l)aPlillla•. On the other haltcl, ,gou:'i{Ei<N and

CxARDiNER founcl that the actult fL)(xi61nu??• were distributed iR the surface

layer clay ancl nig'ht, xvhile the young' clescenclec! to cleoper .strat,a cluring

the clay icncl came up to the .gurface afte.r sunset.

    I;ig. 2 aiid Table ii shoxv the variation in the Rumber oS indivi--

:16i.a.,lj of plankton in I.al<e I-Iiruga on the surface on Septeinber ig-2o,
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        24 8 10 1Z 2 6        p.m. a.1to.
 J.;ig,,2, ']rhe d{urnal change in the numl)er of planl<ton on the sutface oC i)alce IIirtv.a

      on September ig-2o, lc)26.

   Differin,,(.i froin the .diurnal niigration of freshxvater Crustacea,,

inarine genera, f'lca•7]l'i?r•., 0iZliolla•, and .ZT7,adn(' "rere founcl to be

abundant oi3 the surface iR the afternoon, thc inaxinuun periocl being

shortiy be,fore sunset. 2'l. fter g.oo p.m. only a sinall nunibc.r nf.

higlividuals reniainod there. 'I'he period of niaxiiniun abunclancc for

the zoea oll crabs, 1)('i!i7!?i• or .S'?r•.o'!7Xa•., xv•as xvithin a fc.xv hours aftei'

stinset. Coirv(;(u'!/s, Zl)etX("r7S(', 0i7vp26!tur(r•, IN'1!!I'."•osoltini?r, at]cl C"lta•(Vocri'a.s

s,ho"Ted no niarl<ed cliurt)ai i'ni..<;-ration•

DIURNAL CHANGE IN THE VIERtrlCAL DISTRIBUTION

            OF VARIOUS PLANKTONTS

         i) Pi?ipfom.us Pa(l)7'a!s (Tables i2 and i3)

   The ycetic,ft] clistribtitions of thc adait, thc eopepo(lid and the naitplius "'ere studiecl

separately. In T.al<e Aols'i, the adulu ivere distributed evenly fron) io n)etets do"'n"'ards,

thc copepo{li[ls froni 8 n]eters and the naziplivs fvoin 2 ]netet's do"'n"tards. TR I.al<e I<izalci

thoy "'cre at hi.trher levels than in i.akc :'Xoki,
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     ]n ]1.alLTe Aolci thc niajority can)e tip to the sttt-face after sanset, "rhile in I.al{e .1<izaki

only a sni,rtll .(.Tvotip niovecl up"rards, thc niajority i'eiiiaining' in the loNver st]'at'a. II'he do"tn-

"rard niigratioii beg• an before niidni,ight. '.Mie aclnlts left tlie s"rftice before da"'R and assiinied

the diurnal vcrtical distribution up tQ sunrise. '.l'he results obtaincd in I.ake I<iz.ftki in ]g2s

are in ag.veement with the migration above mentioned. O. nly a few in{lividaals were obta{nc•d

in 1.alce Nakatnnn,

        2) l)/lrPXo7n?is .1?iPo7uLr7is ('l'ables i`l. and :,s)

     In l.ake P.iNva the yountsTr fonns aile found froni the stirface do"'n"'ards durin.cr. the day

and the adults froin 2 inete[s. '[n I.nke Sttig.etu they rnng froni 2 to s ineteis be,loxv the

snt-face d'tu:ing the day. 'l'n both lake-s there is a inai"l<ed noctarnal itpsvard niic ration. fl'he

]naxiniun) abunclance on the snrface in l]akc ,SLiittetu is before dt)Nvn, but in I.a]<e I)isva the

in.ftxiinttni occurs before ]nidnight.

        3) f2geudotlilrPto'inits .7lrPonlc?ts (Table i6) '

   '      Only 22 speclinens froin Lake LC,:uigetu, rang,ing froni 8 to I2 ]neters. No diuvnal

mi.rr.l'atioh.

                                                                                '         4) Ltinnocala-n7ts siliens2ic (Table i7)

      Extendingr froni 2 to r2 n]eters in Lal<e Stzigettt. The n)ajority of the adnle's bet"teen

8 and i2 ineters, the copepocl{ds bet"rcen 8 ancl io ineters and the nauplii itt 5 nieters.

In the clark, a sinall iittn}ber etune ap to tlie snrface, 1)at the ni:tjority betsveeii s and 8 inete,'s.

LX'o indication of nocturnal upward vnigration of the nauplizis.

         7) /lcra•rfk cla?isl (Table i8) •
      The niajority vary near tlie siErface in ILnke ]Iiruga. iY tendency to move ttpwiirds in

thc eveniny.. fNfter 7.3o p.m. stid{lenly decrc•a,ged on the surface tmd only ,n fexsr individuals

remained there at night'. No chanf.ra in the numl)er ol' indixtid"nls below s meters. In the

morning, a slight ten(lency to the upwtutd movemetit.

         6) 0iZliona, 7ia7ia (Tahle ig) .

      In t)ie claytiine cv-enly distvlbnte{1 froin the stu-faee doNvn"rnt'ds in I.ake 1 Ih'n.tTa. 1 ;:u'kad

downsvat-cl moveine!it at i/i;iht ancl only a fctv inclivicluals remained on the stn'face. No up-

wavd in{gftatioi] in the ev'eHtng.

         7) C.JfcloPs sl7'rn7t7!s (Tables 2o, 2i Enc! 22)

      In I.alge I<izaki the a(l"]ts xveve evenl,v clistributc{l deepev than 2 n]eters, cotnifig. itp to
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 t'he sarface at iiighL'. The nauplii beloiv IS n]eters pt'esenting no diurnal inigration. 'i'he

 clitirnal i'nigration ii] the sun]niev oE ig2s, lie"rever, showecl that both the adtilt and the

 nauplius xvere distrib{itecl beloiv lo ineters and that there Nva$ tio ditu'nal n]igration. In Lakc

 Noziri and l.ake ]I i"ra froin the surfnce flosvnxstard. An ]narkecl ascent in tlie eveninsT,

reachinsr tl)e maxinaum abundance on the s{irface xvithin a fe"r hours after sunsctL. At niglit

                                                                                s evenly distributLtd froin tlict surface closvniv:wds. In Lake f-SLoki a snial] nuinber belo"' l2

 n]etc-i-s during the clay. .4N. trace of nocturnal asccnt, thotigh never so far as the sui'fttce.

         8) AiZleso(l,i,t;lof)s oiZl2onoi?les (Table 23)
                                                                              '
      In Lttke Ina, the adults bejoNv 2 inetevs dnr{ng thc day ancl the yuiint.-ret" fomns ttncl the

naup}ius fk'on) the siirface dosvnNvards. Can}e ap to the svtrface ut nis,ht.

        g) Ld>ivioiicaea sp. ,
                                                                    '
      i;Y few' individu,als froin thc s'tirface sti'ata of J.akc Suigclu, jLalge Bi"ta, ILake igizaki

ancl Lake NToziri. No cliurnal migt'ation.

         io) L"2(lc'rPc ac'ut!frons (Table 24) and

         ii) C.'o7v,cac'us sp. ('/Il'able 2s)

      tN• sina}1 i}mnl)er from 1.al{c l'Jit'aga, cvenjy distribtitc{.1 l'ron} thc sm'facc clown tu is

inetea's, IN'v cliuvnal ni{g]'atioti.

                                              '
         !2) 1)'osniiirioLPsi:s' tl('!lr'(7'si' ('1'ables 26, 2-i, 28 and L)g)

      .{n ]..al<e jilizaki the pkirimuir) in the daytimc at 2 met<'rs. '].'hc iiiajot'ity went up tv

tlie stirface }}oth at dusl< and dasvn, and inovcKl doNvn to betNveen s ttnd 8 ]}ieters at niglit,

only a fe"r reniaining on the stu'face. '1'hc inoc.le of the inigration in I.ake tXoki and 1'.ake

Ni'oziri quite cliff'erent froni that in i..al<e I<izalci, liaving a runge froin s to 8 ineLers cltu'inf.)

the ci,ay and coiiiin$r up to the sut-face at night. iN'o ten(lcncy to leave the suk'face at ni.{,ht.

In }.ake Nal<atuna great nun}bers ft-oni the suvface to 8 ineters. iN. trace of up"'arcl inove-

111eilt ilt nig}]t. .
                                                 '

        i3) 7. 'r?(yLj61ieiiiu•s /5cr(liL'ulus Cl"{ables .3o ancl 3i)

     In I.al<e ltizaki fron} 2 to 5 ineters during the day. A diut'nal niis,ration quitc sin]ilar

to that oE l)'osniino?si's in the sanie lake. Since no catch svas inade in the eveBing it is hard

to jaclfge the upward n]oveiRent at stinset bat tbe downward inoyenient at night and the up-

"ratd ]noyeinettt at dasvn "rere obvioRs. In 1.alce rtS.oki frein 2 t'o ir) lnetcvf' cluriny. the clay.

'Upw;tvd moveinent at niglit, remainiRg on thc"st:rface tili mornlng,. In ].nl{e Noziri :md

L:tke N'akv.tutia only a feNv inclivid"als frotn tlie b'uvface dosvn"rards.
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          i4) .ICI)iExPli(ugosonia l,7`(x(4rk.itit•i`u•7n• (Tables s2, 33, 34, 3s anct 36)

      In I.ake tXoki ttnd 1.ake Noziri, ranL.ving ft-oin 8 to'I2 }neters in thc daytiinc, and

ccnt.r,rc`f.);ttc-cl oti the sitrSEtce ttt ni,t,,ht. II'a 'ILalce l<izaki i'tnd ]'.alie Bisvit fvoni 2 ii)eters desvi't-

xsrards and in I.nls'c Sais,etu fvom tl}e sav('ace cloxvnwards. In all the lakes ol)vious upxv:u'd

]noving at nig.ht. Only a feNv it}dividuals i'roin Lake Nal<at{u/a.

          is•) /lblo26t't?l!?iin. ,g)?bluv7!fi! (CI;ables 37, 3S and sg)

      .ki .La)y'e l<izaki t-an.(.f.'i{]g rt"otn 2 t'o 6 tneta's in t'he dtiytinie, coinitig ttv to tlie b'titfac{r

at nit.v.1]t. In Ig2- g, strange to say, fou!id only in the deepet` strattt and never nppeat'{ng i)cat-

the surface. 1 n Lake iXol(i and I..al{e Noziri in the n)esolininioti, shosvins, a slight tencleticy

 to ineve upwards at niglK' bnt not reachin.ff. the sttrface.

                              tt /              '
         i6) L('/)totlora• l)i'ndkZ (TEt})les `;.o, iyi ancl L}.2)

                                  '
      1[n tl}ct niesolinmion ef ILal"e l<.izaki, 'Lnke Bi"ra itnd I..ake SuisretLt dut'inL,.r tlie duy

:tnd on the stn'e`ace at nik,ht.

         i7) l)a•Pl/n!?x lon.o7:s')t5x?/a• CIrc"tbles "3 a.nd 4")

      ln or belv"' the thetmocl{ne of ]Lttke Bixva, l.t}ke ,l<izaki, 'Lal{e xlLol{i an(! Lakc No.ziri.

tX. slig,1it tendency to thc vLpsvard movement ttt nit{ht, apparently retatde(l above thc diei'mo-

cline, osving in all probabi}ity to the suclclen clmnge 'm tempet-tttut'e.
                                                                  '

         i8) .Z3'osini'n(x lon...o'i>'osXrt3' (Tables 4s, .t6, g.7, 48 ancl "g)

  . ILn all the freshwater lakes studiecl, but "'ith clissiinilav vevtical distribution and mode

ol inis,ration according to ettch. N'iv.nely, in l.ake l3iNva belo"' is nieters in the daytiine "'{th

u slis,ht tencleAiey to n]ove {ip"'arcls at ni..cr..I)t', thoitgh no iiidividttal c.apttit'ed above lo nietcvrs

as is the case in !)ct?ltnilt. Ilti lll"tke l<izRki aticl ]1.akg Aoki frorzi -o. metcn's downsvatri, mes{

]nen}bets froin 8 {o io inetevs in ].alce l<izttki, and fruni is to 25 nicters in I.alce tNol{i.

]Sew inclividua]s on Lhc s.u'face at night btit no upwaud n}ig.ratio}i in the case oE LI]emajority.

In Lal{e ])INIozivi ancl I.ake Ina evcn]y fron) the s{irface dosvn"'avcls, Ns'ith only a slis,ht turidency

to the nocttu'nnr upxvard invvcnic,'nt.

         ig) E7,(x(/ne sp. (Ttvble so)

      Rants,ing Croni LIie sur[acc to Io n)cters in ltirttga'• L;tke. iX.ppaient muvin$, dvxvii ttt

nf:ghL

         2o) 1)r'/zili?i stVtinacl't'ri??, ('lrable si)

      RangtinL,,r t'tom 5 to 2o meter$ in ILalte J-lirtts,a {n thc daytime. Up to the stwt-ace at

nis,ht, becoining eyenly clistribitte{l froin the surl'acc do"'nwttt'ds.
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        2i) Crab zoea (Table s2) .
                 '
                              t/t      In Lake Hirttga liuvingr a van.tge fron) 2 to s inetcrs in the claytiii}e. 'l'he iniljority tal<Åën

near the surface at nigtht'.

        2• 2) Spinoid post--lttrN'a o'f .,X.tine•licl (Tablu s3)

         ttt
      Otily a fexv inclividuals at' a depth of 2s n]eters in Lake l/Iirttsra dttring Lhe day.

I'rc•sunitably living yery close to the bottoin iti the daytin]e. A i}]arkecl tendLincy to n]ovc

'upxvard aftev, s'ctnset, ruaching }5 ;ueters. Its downxvnrt'l n)oven)ent seeinp to takt' place before

inidnig})t, only one individtial 1)oing caa}.rht at 25 ineters at 3,30 ttnn..

       '
        23) fifc'soslo7na• s].). (Table s4)

     ln 'Lal{c lliNva, a'ang,;ins. froni s to 8 ineters durinsr tl]e day. lil t ni{rht the inajvrity in

uppel' 2 llletor'$.

        24) OiX'o15Zc'?t7'a sp. (Table ss)

      In Lal<e l:l.it"uga, evenly distribtited froni o to is n}cters. N'o cliut'nal chans,e in thc

vertical distvibution.

         2s) -2r.>'iZ'iZla•ri?i• sp. (TtLble s6)

     Xn Lake Iliruga, ranging fron] 2 to io ineters cluringr the day. At nisfht evenly clis-

tribLitLxl froni O to IO metevs.

        26) /)lot'soina• lrituc"a-lit-iiz (ll"ables s7, s8 tLnd sg)

     In 1.als'e Bhva ancl Lake l<izalgi snaall ntunbers above ;t depth of 5 n)eLers clari,ng the

day. -EX. slissht tendency to noctai'nal sinking. 1{n I..ake iALol<i, on thc other hand, abundnnt

beL"Teen s ancl 8 meter$ clurmsr the clay slio"ring a marked nocturnal ascetit.

        2'i') !'loesoma• liutlsoiil(Tables 6o, 6i and 62)

     In JLakc .N'oziri antl I..akc tts.oki clist'ributed fron) tlic surface clu"rn"'at'ds, btit in I.•alie

][<izaki in the n]iddle layL-rs. IN'o diurt]al inigration in all ]akcts,

        28) .-'1iut'rae'(v c'oclilc'a•ns (Tables 63 ai}cl 64)

                                '
     .ln l.ttke l<izaki, Lake Nakatuna, I.al"e Noziri ancl i.ake Biwa, speciinens with long

pest"rlor gpiiies only•. In ILiike Stiigetu ;uid l.ake Iix{ tt xtariety, tecta, otily.

      In Lal<e iXoki and 1.ake l{izalci the majovity rangctl k'om 2 L'o s metet's in t'l}e da.vtime

und cunie up in grreat ttl)uudancc to the stirface at night. In Laice Sttiget{i the pluriintnn of

         '                                                                                  '
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tliis species ivas CoEtncl at 8 ineters cluriiig,' the clay ancl rose to frun) s to 8 ineters ue night.

Iii other lals'es so fesv that no vert'ical niovetneiit was detectable.

                   t.
        2g) IVoXlioZ`:(v loii-s)?:sip!'ua• Ci"ables 6s, 66, 67 and 68)

     ]ln 'Lake aXoki, I..ake N'akatuna, 1'-alce -Xrott.iri and ].ake I{ izaki, belo"r the thern]ocline.

No diurnal init;ration. .
            '

        3o) Trla•rtltpta loizsri3'cXa (Tables 6g, 7o and 7i)

     In the hypolin'mion of I.al<e Aoki, Lak'e I<izal<i and i.ake '] Tozit'i. IN'o upxvatd migra-

tion at night. In I-.ake Suigetti, a feNv speci]nens froin tlie sarface luyev, slioNvinf.r tt slight

tendency to the nocturnal tipsvtu'd niovctnent. •
        '
        3i):;` 7/J)(2PX)ilitsrhe bi7c,(ve

     In l.alce J3ixvu ft'oin the surfacc cloxvnsvards, the niiljority 1)etNveen 2 ttncl IS inetcrs iil

tlic {laytii}ie. In the suvface layet' increasecl at' night.

                                                                            '

        32) Nc'l)el(v l,'iLr•a•lei?.'nsi3' .
     Great nuinber in tlie upilimnioii ef J.ake ltlizal<i aticl l.alic Aols'i. Only a s]ight increase

ne;tr the stitfacc at iiight.

                                   '
        33) Ccv'ati'?t-ni• li,"i'7ztli)tclla,

     In tlie uppor ]iiyeys cf all t]ie fresh"rater Iakes. sLudietl. .increaspt1 at nis,ht on tlie

stirfacc but no chatif.re beloNv 2 inctc•rs. .

        34) C"il'(l,Xl'll711. fltsus

     .'Nbunclant beloxv 2o mcters in Lalt't: I'lit'llgra. No diurnal mi.g,rutiun.

        .3s) l.)lnobi:..voii tl.},lfna{.•ri?/uin. and 36) A.f('loslr(r. !7a•l!2'a•

     xYbunclant in tlie hypolin]nion of T.ake Bi"r;t. IN'o diLu-nal inigratic)ri.

        s7) li'lli,"'-.osolc"n/?x sp.

     In .gveat ttbunclance in the epiliinnion o(T ,l..itke liitugtt. No dhirnul niis,vation.

              '
   "-' tNs for I)rotozo:t und ph)/'toplanktonts, it is impossib}c to /.piye the clctails in tal)ul:u'

t'or!n, oxving to the irregaltu'ity of their 'vui'tical <listribation.



                Tlte Diitrnal fuIigratioit of Planktott 4r

    THE VERTICAL DISTRIBUTION OF PLANKTON
         IN RELATION TO THE TRANSPARENCY
                      OF THE WATER

    l.'ooL ancl jfX. L'KiNs shoxved that illulnination in $ea-"rater at a

clepth xvhere tlic Sece.hi clisc is. just. xrisible, is arouncl i60/b of that in

air. IÅí th(i, v(,i.rtical disti'ibution of plankton is ctue largely to the

chansre in the lisrht intensity at clifiierent depths, there $hould be a

clirect relatio. n bet"reen the transparency of the, "rater ancl the clepth

to xvl)ich the plankton descends in the daythne.

    The following table shows sucli a relation obserx'ecl iR .fL;}ikePfta•no-

.s'ofiia• bf'(xcrltJJ'iti'itin. Ilt xvill be seen thEt the inore transparent the xxrater

is, the deeper thc aRiinals clescencl in the daytime.
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l)olLzPlienezis' fSeczriL"2tilus (Tables 3o and 3i), JloloPe`libtm .cribberum

(Tables 37, 38 and 3g), LePtodora /ez`7indi?J (Tables 4o, 4i and tF2) al$o

showecl tlte same re!ation. A simi!ar observation was made by Bur-

cl<harclt for DaPlirii?v in Vi.erwalclstattersee. O. n the other hand, Juday

could Rot find sucli relation for any of the mi.c.rrating Crustacea in

NVisconsin hckes. ]INily observations on C;;,clo!5s slrenn2t-s (Tables 2o,

2r ancl 2-7.) caRd Bosnii>ia Zongz'rosXriic (Tables 4s, 46, 47, 48 ancl 4c))

shoxvecl that their vertical distribution xx7as inclefinite in this respect.

    THE VERTICAL DISTRIBUTION OF PLANKTON
          IN RELATION 'II'O THE TEMPERATURE
                          OF WATER

    In La.l<e Aol<i ancl Lal<e I<lizal<i. the therinocline was between s

    'and i2 ineters below the surface, in Lacl<e Noziri between 8 arxl is
                ttttmeters and in ILcftl<e Bixva between i2 ancl L,o meters. '1'he differeRce

between the temperature above and that below the theymocline
exceeded ioOC.
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                1'lie Diurnal fulzl ration o.f l)lanleton aj.3

    The vertical clistribution of tlte planktoi} Crustacea s,enerally seeins

not to be affected by the thei'm)cline. I-Iowever, Dtribinide loii,gi3Pi:iia

sliowecl a notervorthy exception. The foregolng table shoxvs thet

/)(ipinua• lon-srtsPi>ia• were found below the thermocliRe in all the lcil<os

studied. They appareiitly showed a tendency to move upwarcls at.

nis,ht, but further up"Tarcl inovotnent xvas retayclect xvhen they reached

the therinocline ancl not a sins,le incliviclual xvas tal<en in t.he epiliinnion

('rabl{iL 43 x. ncl 44). 'Bul; wheB the 'wat'er was ceoled in winter, f/])(rLPItii-t?i•

were unifornil)' distyibuted froni the surftace clo"'nNvards, as is seen in

the. Iast colunin {.)f the table. Sbnilar observ•ations xvere inacle by

Juday on f"i>nitocal(uius •inac'7`u•riis in Ci-"reen ]'.ake and on soine specics

of Z)aPliiu?i in certain X]V'jscon$in lakes. ]3irgre also states that the

vertical distribution of l)aLPIini?z• 1)ulikaria• in I.al<e il[enclota is confiiiecl to

the hypoliinnion.

    Cer{aln rotifers aRcl soinu phytoplanl<tonts, $uch a$ a?Vlotliol('a•

(Tables 6s-67), 71??vrXlira (Tables 6t)-7o), 1)inobr.i,on, AdTclosirr(x and

Cf'i'att>tin ./?tsits, xverc 'al,so confinecl to the hypolinniion in tl)eir

vc')rtical rang'e..

          TYPE OF THE DIURNAL MIGRATION
    DiL,irnal inigrcation is a very coniplc.x phet]oinc./non. IIt has beeR

sliox3,rn not otil>' that] tlicre are grecat variatio. ns in the inoveiitients of

cl{ffereRt species but tl)at tl}e type of nioveinent of a $ingle species is

not the sanie in all lal<es. If t.1,ie cliui'nal nilgrations observecl in

ILal<{/) ]r'L"izal<i on August i2-i3, and ic8-ig,, it)2o", olt July 26-2-t, ig27

a"<! on l-X.us,ust 6-7, ig2g respectivelvv ar{}. coniparecl, it can be se(}/n

tl}at the t.x"pe ot' niigration of a species xvas ..{renerally sbiiilar in etll

cases, wlth a few exceptions such that l)'os-milta• ancl C.i;,cloPs sl]owed

quite [t differ'ellt typt. of 111is,rE}tioll ill the szlbseque13t yeE}rs,

    '1"here seein to be various types of diurnal nii..o'1"ELtion : (i) Sotile

s.pecies ac"ially cong'regat'e near the surface at Rig"ht, leav-ing' {'he cleeper

layors of the xvater, as in t'he, cf,i.sos of IJ)i}i751oiniis (T. {al)les i2) iR 'Lak(i

.tfX.ol<i ; .Zl)i?iPlta•no.s'oiii(z ('i"able.s s2 ,and 33) in ILake .,Aol<i and ii} ILal<e
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N'oziri; Z(?todorrv (Tal)les 4o ancl 4i) in T.al<e [Biwa ancl I.akre 1<izal<i.

(2) Sorne t'o.rms merely move about at nis,ht tip into tlie surface layer

wliich the aniinals vacckte c!uring' the day and as a result thL,b icnimais

are inore or less uniforn?ly clistJribeted in both tl}e shalloN7L7ei' ancl tJlite

deeper strata, as iti the cases oÅí .IT'olvi,Llrb/uim•?ts (Table 3i), jlli'os-mi;no26silg

('[[rable 27) ancl Aizit•r(xeae (T?.Lble 63) in ILti[!<e tX.oki ; Cl.i,dloPs (Table 2i)

ancl Bosmui;noLt6si:s` ('II]able 28) ln ].al<c. IrN]ozii'i ; .L)!itPlomus ('IIhable i4),

C./i,c'loL2bs (Table 2-7.), D. !.?xfS/ia•7iosoma• (Table 3s) and ntlltisosloma (Table

s4) in ILal<e Bixva; 1?XaPlo77i?ts <Tcable i3), ,f?i?iP7iavzosovi(v (Table 34)

,and .2iiroloPea<.i>rne (Table 37) in ]Lal<c- I<izal<i; !)i?i•PXomi(s (Table is),

IL])i?r•L?t5,iria•izoso77ia (Table 36) and L(LPto(?l.[o7'(r• (Table .t2) in 'Lal<e S"lg:etu ;

1'cniliti <Table si) ztnd /;•>7ZiZla•n?v ([L"able s6> in ].ic l<e 1:l irug'a; 1)'os--

•niiTioL?Osi[s' <Table 2g) in iLal<e NalN'".fttuna; /1•:•zC.('so{..itcrlo26s ('1"able 23) in

].al<e Ina. (3) In soinespecies the vertical clistribution of the daytinie

is niorq.-or. Ies$ "ioclifiea at nignt, but only a .t'eNv .incliv•iclucxls asc,end

Hp to tlie surface cxs in the cases of C)tc'lofSs (Tftble, 2o) ailcl Z.)'osllit)i("

("1'able ,46) in ILake I<izal<i; 6'osnii>up ('J'able =L7) in iLal<e .EX.ol<i:l.Lz'rn7io-

(yxla,7zits (1-able i7) ancl x4n.zirrea CIr'ctble 64> in ]'.al<e SuigE.i.tu. (4.Xt Soine

forins slioxv a tei}deiicy to move upwcards at i}i.<..rht bu# not to the

surface, their inove- inents bein..o' hinder(.td by the tl]erniocline, as in

the cases of' 2r)(rLP/iiu?i (Tables 43 ancl 4LL) in I.ttl<e iK.izaki, I.al<e Aol<i,

[ILicl<e iN'oziri ,'.Lncl T.ake I3ixva; l's('z(tlo(li?x261oniits ('1'able !6) iB 1.ttke

LSuigetu; the nauplius of C)JcloLebs (Table 2o) in II.al<e IilLizal<i; /'I.olo-

26e(IZzt•'i7z- (Table 38 ancl 3g) in ILal<e Aoki and i,n I.al<e .Nloziri ; l)'osvitrnai

(Tabie .rs) in ILal<e .Bix/ra; JrVotltol[`Ja (Tal:)lc}s 6s, 66 and 67) in T..al<cts,

fXol<i, T.al<e NToziri and I..al<e I<izal<i; 27rilr••rtli7'(r• (Tables 6g and 7o) in

I.al<e Aol<i and I.al<e I<izal<i. (s) Some forms come up to the surface

both at clusk and claxvn ancl swim cloxvn to the deeper strata during

the day and nig-ht as in the cases of b'osmi'noPsils (Table 26) and

J'ol.yPliem.ers (Table 3o) in Lal<e I<izal<i. (6) Some species are founcl

abunctantly near the surface in the afternooR, and a inarl<ed cloxxrnxvard

niovement tal<es place at nig'ht, as in the cases of /ld'a•7`ll(v (Table i8>,

0iZlioiza (Table ig> ancl Ez,acln,e (Tetble so) in ILi, l<e I."'Iiruga ancl Ploc-

                                      '                  tt



     . Tlie Diurnal krva7igratiott of Plankton 4s
sonia (IFttbles S7 and s8) in T.al<e B,ixva ancl 'Lal<e I<izaki. <7) Sonae

spe.cies are evenly clistributecl ft'oni the surface cloH"rnxxric rcls ancl sho"T no

diui'nal niigt'ation ttt all, as in the cases o{ Eu!f'7'?6e ('Table 24.), , Co7:i,ca(r?!s

(T.able 2s) ancl 0ikoPlc'7t7yr• (Tabie ss) in I..al<e Tl irug-a; /)loeso77ia•

(rl'ables 6o and 6[) in I.al<e Aoki ancl Lal<e No.ziri, • .
    It is clear from these data that l.)ibPz Xonz2ts, l)ilrPlian-osoma. i,ncl

LcPXoaro7'a generally shoxv the'first type of ini.o..,'r'ation xvhen t.hey are

locatecl in tho. (lee.p laycrs clurin.o' tine. clay xvhile the.se aniniEls prese.nt

the seconcl ty•pe of migration when they are in the "pper laye.rs.

-l?ol.vPlicm?is, Bosm?;iioPsis, lfoloPcal•7;?tm, Bosm2lem, CrcloPs and certain

rotifers show the seconcl type of inigration when they acre located in

the upper la>Ter, while they shoxv either the. third or the fourth type

of inig'ration (and in a few cases the second type), xvhen they are in

thc deepor layers. I)o4Pl2trmus, Bosmi'noPsi:r ancl Cl,cloPs, xvhich

generally show the seconcl type'of migration, micy presGnt the fifth

type "Thcn distributed very near the surface cluring the day. •

                         SUMMARY

    D The {liurnal iiiip.,'ratiens of the. plankton in ei.o.'ht representative

lal<es of niicldle Japan are coniparecl.'

    2> Thei'e are not only great differences among tlie xrarious species

in the. niigrations bct"reen dit]fe.irent species but also the type of the

nioveinent i$ not constant in tlie sanie. spe-.cle.s in ttll the lakes.

    3) lrheire appears to be a close relatio'n betNveen this type of

nii.o.'ration and the vertic.al cli:b.'tri})tition of the planl<ton in the claytiiine.

    4.) '1"]}e vertical distribution ot' plic til<ton in the claytiine is affectecl

presuinabl-v by thc turbiclity of the xvater.

    s> In a few cases the thermocline layer of thc water seems to

deterniine the upper ]iinit of both the diurnal vertical distribution and

the nocturnal ascent.

   .6) The upxvard niovernent of Crtistacea takes place xvhen the
                                                            tt.intensity of sunlight is cli('.mgecl. 'The nau/)lii of .l)i?rPlonius and

.Bos•7n./'noPsiiy in Lake I<izal<i haN'e three nlaxiin[•x on the .gtirface; fir$t
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in the evening "rhen the siin sin]<s beyoncl the nioiintains, seconcl,

after sunset, and third at clawn. C.i'cloPs anct ,2)ol.i,Lgblir••7n2is have. txvo

inaxinia, naniely at clusl< ancl ;,it daxxTn, 'I'he aclult forn)s of Pzlrj6fo7ii'its

have. only one niaximtmi, after sunset. Grreat nzunbers of. .E)ilr•?51?a,no. -.

soma and f..n.Plodo7]a. are ol)t,aino,cl on the surfaca throughout the nig'ht.

    7) In ILic l<e I-Iiruga stich niarine f.renera of Ci"ustacea as /itr(x•7'l!?r,

0iZ/!ona and -Z-7,z,adize are abundant neanr the stirface in tl'}e afternoon

b,ut only a fexv reinain there at night. The inaxiinuin abun(lance foi:

crEb zoea, Sa•.o'iZttx qncl 1)('ni'l/lr- is.found ,a fex;i hours after sunset.

   ,8) , The youngrer forins of DilrPf,oinits Pa('(vac2is 'aRd DilrPtoni7is

lt•Poniiciis, care distributecl nearer the surface tlian the old aninials in

the claJrtinie ancl also the.y ic ppea. r o. n the surface e.arlier in the evenin.o'.

The reverse is true in reg'ard to the orcler of leavintt' the surface in

the morning, . •                                                           '                               tt                       REFERENCES •
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               APPENDIX

                TABLE IO
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                II'A p, L};. Ii
The diurnal chnn:.,e in the numbet' of individualg, c)f vnri`)us planktotits on

     the suvf:zce of ILakc l'lini}.'ra on Septen]bc}r ig-2• Os ig26
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'l'lie vertical dist'ribution of Dlat5iCon?us .!)aci7itnts in rgxke tNoki on tN.nt.,-sl' 20-21, lg27
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                  r.rABLE Ir)
The vectica! distribtition of 1)ictPtoin?ts z)ac()Fens in 'Lake I<{zal<i on July 26
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               TABLE I4
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                 Cl"ABLI;' T5
 The vertical distribution of' f)it'tPronnts .7ttLt>onil'us in I.ake Suis.Tetti

               on July ftl-i5' , i927
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              TABLE I6
IHie.verLical clistribtttion of ?:'seitclotixJaPtoin?ts .1-trLtbonlctts iti Lake

          Srtigetu on Jtily I4--I5, i927
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               TABLE 19
'I'he vertical distribution of Oilltona nana in Lake IEIiruga on

            September ig-2o, i626
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                 TABLE 2o
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                TABLE 2I
  'irhe vertical distribtttion of (I}IicloPs srrentt-'tts in

              on July 23-24, It)28
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                 TABLE 22
   The vet'tical distrib{ition of CJ,cloLPs sl7'eiutus in I.akc }

               on September i, !927
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                 TABLIi 23
  'i"he N,ertical dist'ributien of .tlfeso(p,c!otes o771iono?'ties in
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TABLE 24
'1'he vertical clistribtition of lvrittei'Pe ac'uti.7>'vns iii I.ake l'lii'us,n

           on Septembet' Ic)-2o, Ig26
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         TABLE 27
distvibution of 73osntinoPsi's alei2'ersi in

     on Attgust 2o-2!, I927
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                 TABLE 30
The vertical clistribtif'ion of Pol.i,LPhemits 1}cd?hrtl?ts in Lake I<izaki

               on Ju]y 26-27, i927
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   TABLE 32
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                  TABI..I,] 33
The verticEtl distrib"tion ot' ZJ)laPltanosonia brtt{:ltiltujv"n in

                on Jtily 2r)-2c'}, ig28
'l'.nke IYoziri
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                  rltABr.l],. 34
r].'he vertical {listrlbtition ot' l)ia'plianosonia lvra('li.ltitrunt in ILake 1<izaki

               on ]u ly 26 -2 7, [92 7'
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                 TABLE 35
'l'hc vertical distril)u.tion of l)t'a,Pltanosointt brar7t.i,ux'itin in

               on Sc•pteniber I-2, I92'i
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                 TABLE 36
rJ]he vertical clisti'ibution oCDIaPltctnosoinct bracli.1'7tr2tni in T..ake Suigetu

                on Ju]y i4-i5, i927
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               rrABI.E 37
The vertlctil distribzitiot] of .[felot6e{ii7lln ,o,'il,bt,i"?ttn in Lake l<izak'i

              on Jttly 26-27, i92-f

DÅëpth
 <ll)>

  o
  2
  s
  8
 Io
T2-2S

2.00
p.m.

,
o

7ioo

i.2

I.O

o.8

o.6

o

9•45
l I2.30

.ft,11).

o.3

o,6

1.7

l'tg

t
i

I

:R
Jg

3•3o

O.T

o•4

IO.O

O.I

o

S•oo

O.Il

1.:

S.I

o•4

o

               TABLE 38
The vertical clisti-ibution of ff)lo)betii'?tvt

            Oll 1)LUgtlSt 20-2T,
.O' ibbe l`7t 7n.

1927

in Lake fALoki

Depth
 <m)

 O-2
  s
  8
  IO
  I2
I5-25

2.00
p.m.

7.3o

2
g

I.4

o

Io.ro

 5g

I.5

o

2• .oo

11.tll.

 -5g

2.7

o

5•3o

 •3g

I.(

o
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'rhe vertic:tl

       I<.F.Nzo K.ri<ucf•ii ;ig

           TABLE 39
distribtition of .Z-ro!oPeti'i'uin .o'ibbei'?tin in

        on July 2r)--2`t, ig28

ILake Noziri

l)epth
 (ll))

o--8

 IO
 I2
 [s

 181       I

      l-
4•30 l
l).lll.

      I/
 o i.      I
 (2) I•

(ie) l'

 <3> '
 (i) i
      l

7.oo

 o
 (i)

 (2)

 <i)

IO.IO
I2.40
:1.lll.

oo         (5)(2)

         <4)(i)

O (I)

3•oo

 o
 <6)

 (i)

 o

4•30

 o
 (2)

 <i)

 o

7.oo

 o
 (A•>

(20)

 (3)

 o

'rhe vertical

        TABLE 40
distribution of LeLtb/otlora

    on Septeinbor.I-2,

lbi'iztlkle'

I927

1, n I.a k c P,iwa

])epth
 (il))

  o
  2
  s
  8
 llO

 r-p.

 Iri

 20

2. .OO

P.]11.

 o
 o
 o
 o
 (i)

<iO}

 <3)

 o

6.r)o

 <4)

<3>

<iO)

 (3)

pt

 (i)

 o

IO,IO

(t})

(5)

(8)

(7•>

(i)

o

:•3o
.IJn.

IL`

)s'(

The vertical distr{bution

      Oll

TABH:s 4I
Of f.iePtotloi'ct 'lv"7iflti'7 in

July 26-27, i927

Lil]x'(t Kiztiki

Depth
 <i)])

   o

   2•

   s

   8

  IO

I2-2S

2.oo
P.m.

 o

o

 o

(3)

<3)

'o

7.oo

) o2(

9•45

;io[

T2.r)o
,a .lll.

l

 o
 <2>

<io)

 o

 o

 o

3•30

;iii[
5•oo

o

(4>

o

o

o

o



     The Di'urnal Afiisop'atfon of Pla7ikton

               TABLE 42
'Vhe vertica} distribution of f.ePitoclora l'indtx'x' in J.al{e ,S.iiig,ctti

             on ]u]y lt}-I5, I927

6s

'

Dcpth
 (m)

 o
 2
 5
 8
 10
 l2
 ul

1

2• .OO

p.m.

o

o

o.[

o.'[

o

o.[

o

4•30

g
  •i

7• •oo
I

o

o

O.I

o.t

o

o

o

9•r)o

O.2

O.I

O .2

O.I

O.I

o

o

II.30

IS'

i

2.30
il:M.

0.2

O.2

O.I

O.I

e

o

o

5•3o

o

o,1

o.1

o.' [

o

o

o

               TABLE tl.3
'l'}}e vcrtical di.qtril'}utien ef l)a261tnia lon,o, ils'?5ina in

             on Jnly 26-27, i92"i
I.n}t"e i <iz:iki

I)epth
 <m)

(' )--2

 5
 s

JO

i2

15

2o

25

2.eo
p.m.

o

o

o.9

1.S

I.2

O.2

o•3

ot3

7.oo

o

o

3.t;

O.2

O.2

9•45
12.30
ll.lll.

l

I.9        2.9

O.I        O.l
O.2        O.2

3•30

o

O.1

2.I

o.8

O.2

l

5•oo

o

o

i.s

l.2

o•5

              'l'ABLE 4g
't'he vertical dish'lbiition of 1)aPltn!a lon.o'glyl)i'7ice iii

            on Allttust 20-21, I927

T.a}"e 2rs.olci

Depth
(m)

o-5

 8
 IO

I2

I5

2o

2S

2,oo
l)•m.

:
 8 .g

i3fl

7' .3o

o

i;

IO.TO

o

6.5

4•5

4•o

2.00
a.ln.

'i'ii

5•30

'k':g



66 I<.ENzo I<IKuCI-II :-

              [Il"ABLE 45
The vertical dig, tribution of rs'osn?i'77a. Ion.r,iv'ostris in Lalce 'Bixsra

           on September I-2, I927

Deptli
(iii)

2.00
pnn.

6.3o IO.IO
2.30
ll.lll.

o-5
rm

o o o o
8 o - - -

IO o o.6 o.]1 O.T

l2 o - pt -
IS o.9 I.2 o.7 O.2

20 o.3 o.3 o.6 o•4

2o- O.I m - -

              rl'ABLE ,L6
1"}ie vet'ticti} d;sci-ibtition ef .1}'a,s'ntlncr lo7i../ 'li'esli'rls' in

             on [Yuly 26-27, I927
}.n)t'e ]<izal"i

l)epth 2.00
p.m.

7.oo ,).tlS
]nto.30

{1.lll.
3•30 s•oo-

o o o O.Il O.I 02 o

2 O,I O.2 o.tl- O.T O.1 O.1

s O.I o,7 o.3 O.I o.?, o.3
,9 72 - nd -ffri - -

IO 3.{ l2.0 S.8 Il.2 H.6
T2 o.6 - - - - -
l,l O.2 o.ir o•3 o.6 2.0 2.S

2.0 LI. o•3 o.8 o.6 1.0 o.8

2S I.I - - .m- - -

              TABLE 47
'1."he stei•tical clistributioii of Bosininct loi?.o'irosti'xls' in I..ake fNok{

           on Attg.tlst 20-2J, T92'f'

DÅëpth
 (m)

2.00
p.m.

 .o
 O.I
 O.I
 I.5
 o.7
. o•5

 6.4
 JO.O

 S•4

7`30

:

o

o•4

o•5

2.6

IO.O

5.o

10.IO

O,I

o.r

O.1

2.0

I2.0

I2.5

2.0o
a.m.

o.[

O. I'

o•4

3•S

I3.2

1l.O

5•3o

O.2

O.I

o•5

2.5

IS,O

I3.8



'.Irhe

    The Dititi'nal Mi.aratioiz qf Planltto?z

              '                tlrABL:,. 48

verLical distribtitlon of IJ'osmlvia lon..oii"ostivlv in La]N'c

             oii I!uly 2.3--7`I, ig28

Noziri

rf

o7

Depth
 <ln>

  o
  2
  s
  s

 JO
 l2
 l5
 {8

f
4•30
pm).

3.o

3.8

3.S

r"•4

4.8

5.o

6.g,

7•5

7•oo

S.6

tl.6

4•o

2.S

4•o

2.6

IO.10

S.2

tr•4

4.8

 7• .2

S2
4•o

I2.qo
:•1.nl.

6.o

r)•4

3.8

2. ,g

 7• •o

5•4

l

3•oo

5.6

4•4

2.8

8.4

8.8

8.8

i

4•r)o

 2.6

 2.4

 5.o

 al•4

IO.4

 8.o

7.oo

 32
4•4

 7.6

IO.S

 5•o

 5.6

 6.t;

 5.S

'rhe vartical clis, tribution

      Oll

TABLE 49
of Z)'osiliina 7on,o7>'ovti't's in
            l.)
AuL.'tt$t 23, 1927'

'L;"{e hm

])epth {m)

 l.OO l).lll.

TO,oo p.li).

f
 o

o.9

I.8

3

t.ttt.t.

i -i2

6l•
 i

t.

2

8 .

'l•

2 .3

i

i
5

L7

3.6

6

2 .3

l 7

a5
o. eg

'1'he xertical

      TABLE 50
clisttibation of 2 T,cttlne

 on September ig-20,
SP. Ill

ig26

Lalce I'Iirtiga

IDepth
 <m)

   o

   2

   '   )

  {o

   IS

20-2S

2.0Q
p.m.

Ci4>

<4)

(3)

 (i)

 o

 o

6.3o

lliii

IO.30

(i)

(I)

(9)

(4)

(i)

o

I2.oo
tl.111.

o

(4)

<5)

(2)

(4)

o

 3• r)o

  o

 (2)

<I6)

(2I)

 (5)

,o
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'2"he vertical

     I<LENzo I<IKucHI:-

                   '• TAp.LE sl
dists'ibxition oi' .Peyn7?-a srlinianl'er7ke in

    on Soptenaber ig-2o, Ig26

I.n]Lve 'I'Iinig,n

Depth
(m)

2.oo
p.m.

6.3o lO.30
I2.oo
:1.11].

3.3o

o o o.7 o.6 o.f) O.I

2 o i3 o+3 o+7 O.I'

5 o.S o.7 o•3 o•S O.2

IO o.tl o.6 o.g. o.g o.3

IS o•9 o.9 Os7 L3 o.c)

20 o•9 1.4 2.: o.r> i.3

2S o o o o o.3
ttt

Tlie vert{cal

     rt'ABI.E. S2

clistrilmt'ion ot' C.rab xzoea in

 on Septen)ber lg--:o, Ig26

.l.a]"e I'livii(jii

   th

 Deptli
  {m)

   o

   2

   5

  10

rs-2s

2.oo
p.m.

 o
 (s)

 (7)

 o

 o

6.3o

([tl)

(2),

 (4)

 o

 o

IO.30

 (3)

 (i)

 {3>

 o

 o

I2.00
,ft.tl].

(20)

 <s>

 (i)

 (i>

 o

o33

)sI(

>2(

)1<

g

The verticaE distribntion

  Irfriig, a

 TA,BLE 53
of SIr,inokl post-lat"vae of

on September i{)' -2o, ig26

.tXnnelicl in Lal.'c

:[)epth

 (m>

O-IO

 l5

 20

 2S

2.00
P.lll.

Z.

3
.o

6.3o

o

2o

g .6

ss

IO.30

o

o

O.I

22.0

I2.oO
ll.lll.

l

o

O. 2•

O.2

2.2

3-3o

o

Q

o

(i)



'rhe

1'7ie

vevtlcal

Diurnal fuIigratio. n of Plankton

       [Il"ABLE 5t;

 dlstvibtttion of 11fesostovta sp. bi Lalge

   on September l-2s 1927
Bixva

69

Depth
(Ml)

2.oo
p.ln.

6.3o IO.IO
2.30
a.11).

t.-..ma.tt

o o <6) (8) (25)

2 o (4) <20) (3S)

5. (i5) (4) (i4) (7>

8 (3) - ri ny.

IO o (i> <5) <2)

I2 o m - -
IS o o o (4)

20--25 o o' o o

'Ilic vertical

       TABLE 55
distribution of Oi;e'oPletti"a sp. in

   on September I(;}-20, Ig26

I.akc I-iirttsfa

Depth
 (11])

   o
   2
   5
  IO
  i.K

20-2S

2.00
l).ln

o.4

l•S

I.7

o.t)

o.4

o

6.3o

l•S

l•5

o.6

•O.2

O.2

o

I o. r)o

l.O

I.8

o.9

o.3

o.[

o

i2.oo
a.lll.

2.2

C).1

I.5

o.6

o.:

o

3•3o

zg
i1g.

IIrhe vertical

       'rABLIs- s6

distribntion oE lf>'itillai"la sp, in

  on Septembev it)-2o, ig26
i.ake .I-liruga

I)epth
 <11))

   e

   z

   5

  to

I5-25

2.00
P.IU.

 o
 <i)

<IO)

.<s)

 o

I

I

l

6.3o
i

]O.30

 Q
 <2)

(f. 2)

(4)

 o

 <')

 (!)

<lo)

 (si

 o

!2.00
;l.lll.

(5)

<i)

<2- )

(4)

o

r)•r)o

(:)

<3)

(2)

(4)

o



7'o             I<.lv'NZO l<.IKUCTII :-

                TABLE 57
lrlie vertical distribution of Ploesonta ti'ttncatitiib in

             on September i, lg26
ILtlk(t Bi"TR

Depth
 (m)

  o
  2
  s
  8
  to
[2-25

2.oo
p.m.

` o' ll

2

6.3o

lIi'

J o

IO.IO

O.2

O.2

o. ' t

O.I

o

2.30
a.IM.

'O.L

O.2

O.2

O.2

o

Tl]e

             TABLE s8
s' erLical dib'tribiition of l'loesonta t?'ttn(+atttin. in

           on July 26-27, i927
Lake Igizaki

IDeDth
  . {lll)

  o

  2

  s
8r"2S

2.00
I)•m.

j,

7• .oo

O.2

o.!

'[,1

o

9•45

O.I

O.2

1.2

o

Pni .2I

11 .1l

o.I

O.I

o.7

o

3• rto

   o'ii

S•oo

O.I

O.2

o•7

o

'J.'l)e verticitl distributl.on

    Oll

TA}).ul sc
ul' 7-'goesoiita ti'un('cittttn. ii]

tNug'ust 20-21, iP2'i'

I.al<e tXuki

bepth
 (m>

  o
  2
  5
  8

 10
 .l2

 lr)

 20
 2S

2.00
p.m.

ii

1Ii.

{

7•r)o TO.IO
2.00
ll.ll).

i
,bN.30

     i.
"•5 i 7•r)
3•s 6.s
2.8 2.8

O•`v I.o

O. '[ O.2
o o.I

E
I      i8.S tr

     lilg• l•

     11
     i•

l' .' [ l•
     l•rml     '
O.2 i
     I
O.2 1
- --- 11/

3`l

Jf .I

3oI

7o

2).(

1.o



1ilte Diurnal lllligration of Plankton

            TABLE 6o
IVhe v-ertical clistribution of Ploc'soma h2td"'onl in i.ake Aoki

          on Atigust 20--2I, I927

71

Depth
 (m)

ii

2.00
P.lll.

i'ii
gIP,

  o.•ll

7•3o lO.IO

E

.illl
l

'l.iii

2.00
a.m.

ny1-------
i'ig
 7Mo.

 2: (

o

l

il, 5•3o

• e•3
, O.l
   O.2

   o.9

   o. r)

   o
'

            TABLE 6I
'.i'hc vertic2LI distril)tztion of .l'loesoiita lttttlso/ti in I.ake IX'oziri

           on July 2J"-24, .192S

Depth
(m)

ii

4•30
V•m.

o  ,i

7•oo

li

!O.IO

liogl

2•)-{

(
,L"

I2.40
a.m.

O.2•

O.2

O.2•

u.4

o. (j

1.2

r)•co

O.I

O.I

O.I

O,2

2.0

1.2

4•3u

i
2oli

?1'.i

7.eo

 o
 o
 O.2
 O.2
 o. r)
s

 O.2
 o.8

 Ll

             'j;ABLE 62
'.l'l]e vert{ctti disLribution of.1'loesoina ltutlsoiu- in l.al"e !tllizal<i

           on July 26-27, i927

Depth
<m)

2.0U
p.m.

7'.oo' 9•4.5

.tt.t.ttt.rm-t.

l2.r)o

ELM.
r)•3o

.. ttttt..ve..tt...t..

5•oo

.. ..tt.t-.

v-2 o o •o o o o
5 O.2 o.t e.r) o.{ o.t o.t

8 O.I - in - - -
IO O.I O.I O.2 O.I OI o.!

l2• O.I m - - nt -
  I5
20-25
    l

[
,

.lg g : g
t

J:
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'.Irl]e yel'ticai

   KlsNzo KIKuclli :-

       TABI.E 63
distributiou of xlntti`rea c"ocltleai'is in

    on August 20-2i, I927

]].ake jXol"i

Depth
 (]1])

   o
   2
   5
   8
  io
  l2•

  I5
20-2- 5

2.oo
p.111.

O.2

I2.4

I2.7

2.0

I.2

o.3

O.2•

o

7•3o

34•o

l:.O

IO.O

 I-S

o. '[

o

IO.IO

I2.5

i8.o

27• •5

2.8

 I.O

o

:.oo
lt.111.

IS9.o

i6.o

Io.8

2.7

o. r)

o

5• r> o

28.o

I6. r)

 7•S

2.6

 o.4

 o

The vertical clistribution

      en

T.xBLE 64
ef A-n'xt2'cect cochlecti'u's in

iuly i4-i5, i927

I.ake .Snigettt

Deptli
 (m>

:.oo
I).m.

O.I

O.I

o.7

io.8

5.6

2.3

o

4•3o

O.I

O.I

 I•9

I2.0

4.6

2.8

o

'7.oo

o

o.]1

c).6

II.8

4•o

2.4

O.I

P-3o

O.2

O.I

4•9

8.4

6.4

4.2

o

II.30

O.I

O.I

I4.2

I4.2

6.o

r)•g

O.I

2. r)o

a.m.

O.I

O.I

IO.O

IO.I

S•4

3.I

o

o3 .5

o

O.1

l' 3.6

II.O

5•3

5.8

o.x

ll'hc vertical

       'rABLE 65
distribut'ion of A"etlta.lt'a !onsrils'2blntt in

    oll .tXttgust 20-2I,tl(t}27

LalN'c Aoki

'

ll.)evLIii

(l]1)

2.00
l).m.

7•3o 2.00
IO.IO 5•3o

um-tt
o-s o o 'oIo o

j.o o.6 o.4 o.SO.7 o.8

I2 o•3 - -fi-F -
T5 IO`4 I6.s 16.8Iti.o Ir)•S

20 S•2 4•S ir.s7.8 io.8

25 1.9 o o



       The Diurnal A{Iliratiott of .Pganl{toit

                  TABLE 66
11'hc• s'ertical clisti";l)utieti of 2rtlotltoltr(x lon.g?'"tzbiitct in 'La}{e xN

                on Jaly 2r)-24, Ic)28
Uzit'i

73

Deptli
 <m>
..t.tt.t.t.t..ttttt.tt.

 o-.t.

   y   )
,i

  l2

  15

  i8

t

4•3e
PAII.

 o
 O.I

 o•S

 I.8

 2.5

lL5
!6.o

l

7•oo

 o

 e

 L2

I2• .O

: O.2

10.IO

"' g'

  -
   ' o.6

  pm
 10. 2-

 12.0

'

12.40
tl.1)l.

 o
 O.1

 o.8

 9.2
 !8.o

3•oo

'o '

 O.I

 o.5

 5.2

2I.6

4•3o

 o

 o

 I.5

 8.7

I7•S

t
7•oo

 o
"

 O.1

 o. r)

 o. f))

 r).2

lL9
15•eL

ll'he vertical

         T ABLE 6 7•
clistribtition. of aTt'otltolca lon.o'ilsv5

       on [l'nly 26-27, i92;

t'
lt(1 {n 1.al<e Xizaki

J)epth
 (lll)

..t.t.t.t.-ttt.t.ttt..t.t.

o-5

  8

 io
 .]2

 I5

 2e

 25

2• .Oo

P.lll.

o

2IF
;'to

gJ?

7.oo

l

o

4•9

o.7

o.r)

9•4S

o

4•5

o.7

o.6

I2.30
:l,ll].

o

5•o

o.8

o.6

 13•3o

.t.-........ .mu

  o

  6.4

  2.[

  Q.8

5•oo

o

IO•4•

2.,g

o.S

TIIt.•, vcrtical distribtition o['

Oll

ll,-ABLI,h 68

iX'olliolea loits)il}'Aiii(r

.M"guft I6, lg25

iii I.al<e N' akaLuna

Dept])Oii) o 2 8 10 l2•

...L.. t.-.t...tvt.tt..t..t+.tt.t.t.t.t....tt.tt.. um-.L-tww ... .ttt.....t....-.t.ttt.tt...t.....t. - .t.t-..t..t.t....rr.t...tttt..t.t.ew. ...--./...-.....

1.C)OP.ll]. O.2 (•}.() 'i6.o IOO.O' I3.0 o-4

I l

V•Oo!).ul.
ll{}•r)I-'ll
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The vertical

      KENzo I<IKucm

         TABLE 6g
di.stributlon of Triarthra lon.o'iseta in

     on August 2o--2r, I927

Lal<e Aoki

Depth
 (m)

O-I2

  IS

 20

 2S

2.00
P.ll).

 6 .g

i 621

7•3o

o

o•7

2.3

IO.IO

o

!.8

4•o

2.00
a.m.

o

7
.o

3.
7

5-r,o

o

o.4

7•4

Tlie vLii'tical

         TABLE 70
distribution of fi(b'iartlv'a lon•s)'ils'eta in

       on July 26-27, l9?•7
I.ake Kizaiti

Depth
 (i]))

o-8

 IO

 12

 I5

 20

 25

   2.00
... p.m ;

    o
    4•5

    2.0

    O.I

    O.I

    O.I

7.eo

o

O.I

O.I

O.I

9•45

o

/S.I

I2.30
ll.111.

i  l. I

E

o

1/li-

3•3o

o

2.I

o.6

o.t

5•oo

j

E

o

5.2

o•4

O,2

tvlie vertiLal

         'ÅítxBLE 71
distvibtition of 7>"i'ai'tlti'ct lon.o'?'seta iti

       on Juiy Itl-iS, i927
I.ake Suis,etu

IDepth
 (lll)

  o
  2
  5
  8

 IO
 ],2

 I4

I
2.00
p.m.

 o
 O.I

 o.r)

 O.2

 o
 o
 o

i

i

4•30

o

 r'i'i  oo'

o

7•oo

o

Il

li    z't,

9•r)o IT.30
l

     'iiiil
E

iiiiti

o

2..- )e
2'l.M.

o.3

o.r>

o.!

O.I

o

o

o

5•:so

 o•3

 o•4

 e,2

 O.2

 o

 o

 o


